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Welcome  
Welcome from iLEAPS 
iLEAPS, the land-atmosphere interface core project of IGBP began in 2004 and is now 
bringing together scientists from all over the world to participate in the first iLEAPS Science 
Conference in Boulder, Colorado. The conference is based on the guidelines set by the 
planning meeting held during the International Open Science Conference in Helsinki, Finland 
in 2003. The purpose of the biennal iLEAPS Science Conference is to gather researchers from 
the wide multi- and cross-disciplinary field of research on land-atmosphere interactions to 
present new research results. This conference also provides a forum to discuss the current 
status of iLEAPS activities and to plan future research. Synthesis of cross-disciplinary 
research is particularly encouraged. The iLEAPS SSC welcomes you to this exciting 
conference on land-atmosphere research! 
 
On behalf of the iLEAPS SSC, 
 
Andi Andreae   Pavel Kabat   
Co-chair  Co-chair 
 
 

Welcome to Boulder 
We are living in times when sound crossdisciplinary science is needed by  
modern society to understand how the Earth System functions and  
accurately predict how it is likely to evolve. This overarching goal of  
NCAR science is in full agreement with the scope of this conference- the  
broad, collaborative and integrative approach from local to global  
scale. NCAR is pleased to host the 1st iLEAPS Science Conference at the  
new Center Green Campus in Boulder and is looking forward to fruitful  
scientific outcome.  
 
Tim Killeen  
NCAR Director 
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Scope  
The 1st iLEAPS Science Conference emphasises the relevant aspects regarding the interfaces 
between land-biosphere-atmosphere. In particular the conference focuses on five main topics: 
1. Land-atmosphere exchange of reactive and long-lived compounds: key interactions and 
feedbacks in the Earth System  
2. Feedbacks between land biota, aerosols, and atmospheric composition in the climate 
system 
3. Feedbacks and teleconnections in the land surface-vegetation-water-atmosphere system 
4. Material and energy transfer in the soil-canopy-boundary layer system: measurements and 
modelling 
5. Modelling of land-atmosphere interactions: towards the Earth System approach 
Although the topics are divided into separate issues, they are essentially not separate thematic 
units. Energy partitioning, emissions of a compounds and carbon uptake by terrestrial biota, 
for example, all contribute to regional and global climate on different temporal and spatial 
scales. Due to the complexity of the interactions between the numerous processes, 
measurements and modelling activities need to be explicitly linked. The integration of 
measurements and modelling include, for example, scaling from local observations to regional 
models and sensitivity studies with fully coupled surface-atmosphere models.           

Topic 1. Land-atmosphere exchange of reactive and long-lived compounds: key 
interactions and feedbacks in the Earth System  
The land-atmosphere exchange processes of a variety of substances are tightly coupled 
together, highly sensitive to climate change, and in turn contribute to climate forcing through 
the effects on tropospheric chemistry and radiative flux. Long-lived gaseous compounds, such 
as carbon dioxide, methane, and nitrous oxide as well as reactive volatile organic compounds 
and nitrogen oxides, for example, are linked in the geochemical cycles of carbon and nitrogen. 
The focus is particularly on the interactions between production, transport, transformation, 
and deposition.  

Topic 2. Feedbacks between land biota, aerosols, and atmospheric composition in 
the climate system 
This issue comprises the interaction of biogenic and anthropogenic aerosol particles with the 
climate system and also the coupling of biological and hydrological processes with 
atmospheric reactions in controlling the self-cleansing mechanism of the atmosphere. The 
direct and indirect effect of aerosol particles on radiative flux and cloud-precipitation 
processes deal with the direct emissions of anthropogenic aerosols, secondary formation and 
growth of aerosols to cloud condensation nuclei. The sources of these aerosols are emissions 
from biogenic sources, as well as dust. Surface-atmosphere exchange processes are important 
in determining the concentration of hydroxyl radical, the main oxidant determining the rate of 
chemical removal of compounds in the atmosphere. Changes in the terrestrial ecosystems 
directly or indirectly affect the oxidizing capacity of the atmosphere and surface removal. 
Hence, emissions as well as mixing and transport play a key role in regulating chemical 
transformations. Changes in gas-phase chemistry also affect aerosol production processes. 
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Topic 3. Feedbacks and teleconnections in the land surface-vegetation-water-
atmosphere system 
Synergies and feedbacks between the land surface and atmosphere, and other components of 
the climate system influence the variability of the regional climate and its interactions with 
the global climate system. Surface (soil) moisture content, radiation absorption and energy 
partitioning are key factors in the local, regional and global land surface-vegetation-water-
atmosphere system. Changes in the land-atmosphere exchanges of various compounds, as a 
result of e.g. climate change, land-use changes, can have a variety of local, regional, and 
remote effects through subsequent changes in e.g. a) the lateral transport of material via 
fluvial systems, b) perturbations of the atmospheric circulation and/or composition, c) 
induced instability of present-day ecosystems (Amazonian forest, high latitude systems). 

Topic 4. Transfer of material and energy in the soil-canopy-boundary layer system: 
measurements and modelling  
The purpose of this theme is to study the type of measurements needed to study the various 
processes, interactions, and feedbacks presented in Themes 1-3. Due to the complexity of the 
interactions between the numerous processes, measurements and modelling activities need to 
be explicitly linked. The measurement methods include enclosure methods, surface flux 
measurements, boundary layer budget methods, aircraft measurements, and remote sensing 
techniques. The integration of measurements and modelling include, for example, scaling 
from local observations to regional models and sensitivity studies with fully coupled surface-
atmosphere models.       

Topic 5. Modelling of land-atmosphere interactions: towards the Earth system 
approach 
This conference topic comprises the integration of land-atmosphere interactions to Earth 
system models. It is essential to develop and couple local, regional and global climate models 
that include the terrestrial carbon cycle, atmospheric chemistry and hydrological processes. 
The coupled models increase the mechanistic understanding of emissions and the associated 
feedbacks with the carbon and water cycles, radiative effects and the climate system. Also, 
models that describe the interactive cycle between vegetation, emissions of aerosols and 
aerosol precursors, and the hydrological cycle need to be developed. The existing models that 
couple aerosols with the climate system at both the process level and large scale need to be 
evaluated. Sensitivity studies with fully coupled surface-atmosphere models can be used to 
assess the importance of teleconnections of regional land-use or land-cover change, aerosol 
and greenhouse gas emissions to global climate. 
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Organizing committees 
Scientific committee 
Meinrat O. Andreae, Max Planck Institute for Chemistry, Germany 
Pavel Kabat, Wageningen University and Research Centre, Netherlands 
Almut Arneth, Lund University, Sweden 
Paulo Artaxo, University of São Paulo, Brazil 
Roni Avissar, Duke University, USA 
Mary Anne Carroll, University of Michigan, USA 
Torben R. Christensen, Lund University, Sweden  
Paul Dirmeyer, Center for Ocean-Land-Atmosphere Studies, USA  
John Finnigan, CSIRO Atmospheric Research, Australia 
Laurens Ganzeveld, Max Planck Institute for Chemistry, Germany 
Sandy Harrison, University of Bristol, UK 
Michael Keller, Universtity of New Hampshire, USA 
Markku Kulmala, University of Helsinki, Finland 
Nathalie de Noblet-Ducoudré, LSCE, CEA-CNRS, France 
Luanne Otter, University of Witwatersrand, South Africa 
Daniel Rosenfeld, Hebrew University of Jerusalem, Israel 
Kazuyuki Yagi, National Institute for Agro-Environmental Sciences, Japan 
Xiaodong Yan, Institute of Atmosheric Physics, Chinese Academy of Sciences, China 
Anni Reissell, University of Helsinki, Finland 

Local organizing committee 
Michael Boy, University of Helsinki, Finland; ACD, NCAR 
Alex Guenther, ACD, NCAR 
Thomas Karl, ACD, NCAR 
Tiffany Duhl, ACD, NCAR 
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Venue floor plan 
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Conference information  
Venue 
Center Green, NCAR Center Green Campus, 3080 Center Green Drive, Boulder, CO 80307   
Registration and info desk: First floor lobby, tel. +1(303) 497 2525  
Oral sessions: First floor conference hall  
Poster sessions: Second floor, Rooms 2126, 2503 and second floor balcony    
Breakout sessions, splinter meetings: Third floor, Rooms 3131 and 3150 
Career Centre: First floor lobby 
Exhibition: First floor lobby 
Internet: Second floor library 
Welcome parties: First floor lobby 
Lunch and coffee: First floor lobby 
Conference dinner: First floor conference hall 

Registration and info desk opening hours 
Saturday 21 January  4.00pm-9.00pm 
Sunday 22 January  7.30am-8.00pm 
Monday 23 January  7.30am-8.00pm 
Tuesday 24 January  8.00am-1.00pm 
Wednesday 25 January 8.00am-8.00pm 
Thursday 26 January  8.00am-2.00pm 

Badges 
Name badges will be given at registration and should be carried all times during the 
conference for security reasons.  

Internet 
An open wireless network is available in the whole conference building and several PCs with 
free internet connection can be found in the library on second floor.  

Message board 
A message board is located on the first floor beside the registration/info desk. 

Speaker preparation  
All speakers are asked to hand over the presentations on a disc or memory stick one day 
before the presentation. Please bring your file during a break or after the sessions to the 
presentation desk in the auditorium. Contact the info desk for further technical assistance. 

Posters 
Posters will be displayed from the morning of the day when the poster session is scheduled 
until the following morning with one exception; after the poster session on Wednesday 
presenters are asked to take down their posters before leaving the conference venue. 

Smoking 
Smoking inside the conference building is prohibited; there are special designated smoking 
areas outside the building.  
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Social events  
Pre-welcome party for early career scientists 
Saturday, 21 January, 4.00pm - 6.00pm 
Students and early career scientists are invited to this pre-welcome party at the conference 
venue Center Green, first floor lobby. Come to meet up with other researchers at the same 
stage just prior to the ice-breaker party.  

Ice-breaker party 
Saturday, 21 January, 6.00pm - 8.00pm 
We invite you to catch up with your colleagues at the conference venue Center Green. Enjoy 
beverages, nibbles and music, courtesy of the Atmospheric Chemistry Division of the 
National Center for Atmospheric Research. Come and get into the conference mood! 

Sportive event 
Tuesday, 24 January, 3.00pm – 5.00pm  
Tuesday afternoon is time to take a break from science and use the time in front of the 
conference dinner to get some exercise. All participants are invited to join in our basketball 
competition between young and senior scientists, also to cheer and support their favorite team. 
Bus transportation available from the requested hotels to the gymnasium and back. Sign up 
for bus transportation at the info desk by Tuesday 11am. 

Visit to Mesa Lab site of NCAR  
Tuesday, 24 Januray, 1.00pm – 4.00pm (max. 50) 
Lunch in front of the tour at the Mesa Lab cafeteria by own expenses. The tour includes in-
depth explanations of range of atmospheric sciences research done at NCAR. Guided tour of 
exhibits and other displays in lobby; information about supercomputing research done at 
NCAR; and opportunity to view half-hour computer animation demos of selected computer 
models, some in 3D. Time at end of visit to walk on the mesa trails outside and visit the lobby 
science store (pick-up at conference venue at 1.00pm). Sign up for the visit at the info desk by 
Tuesday 11am. 

Jefferson airport tour  
Tuesday, 24 Januray, 2.00pm – 4.00pm (max. 14) 
The NCAR research aviation facility is located at Jefferson Airport (ca. 20 miles south of 
Boulder) and maintains 3 research aircraft (NSF/EC-130Q Hercules, Gulfstream 5 and NRL 
P-3). A shuttle service to Jeffco airport will be arranged on Tuesday afternoon (pickup at 
conference venue at 2.00pm or hotels afterwards). This will be an opportunity to see the EC-
130Q Hercules aircraft ready to be uploaded for the next research campaign (MIRAGE) and 
possibly the new High-Performance Instrumented Airborne Platform for Environmental 
Research (HIAPER- G-5). Sign up for the tour at the info desk by Tuesday 11am. 
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Conference dinner 
Tuesday, 24 January, 7.00pm till late 
Join us for a fun-filled night! Fine food, beverages and company will make this an evening to 
remember. At the Center Green conference hall; welcome drink courtesy of the Institute for 
Integrative and Multidisciplinary Earth Studies of the National Center for Atmospheric 
Research. One ticket is included in the registration fee for conference delegates and 
accompanying persons. Additional tickets may be purchased ($80) at the info desk. 

A Night on Town 
Wednesday, 25 January, 7.00pm till late 
Here's your chance to see what Boulder has to offer - wonderful cafes and restaurants all 
within walking distance downtown. Join one of our organizers, or make up your own group 
and explore on your own. We will provide you with plenty of suggestions at the info desk.  
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Early career scientists  
Career Centre 
The iLEAPS Career Centre is available for students and early career scientists in iLEAPS-
related science seeking employment, and employers looking for staff with scientific training. 
The Career Centre is a free, self-help service. Potential employers and job candidates are 
expected to make their own arrangements. 

Presentation awards 
Poster presentations made and held by students will be evaluated by a committee and a prize 
will be given to three best poster presentations on Thursday 26 January. Students that have 
not yet finished their PhD and that are first and contacting author are eligible to compete for 
the students' award. Sign up at the info desk. 

Pre-welcome party 
A welcome party for students and early career scientists in front of the ice-breaker party on 
Saturday evening, 21 January, 4.00pm-6.00pm 

Lunch with a senior scientist 
Groups of 3-4 students or early career scientists will be joined by a senior scientist during 
lunch break on Monday 23 January. Sign up at the info desk on Monday at 11am, at the latest. 

Sportive event 
Enjoy sports with the senior scientists in a typical American game – basketball, 24 January, 
Tuesday afternoon at 3pm–5pm. Bus transportation available from requested hotels to the 
gymnasium and back. Sign up for bus transportation at the info desk on Tuesday at 11am, at 
the latest. 

Getting late in Boulder 
Join a local person for a guided tour on Sunday evening. After we have survived the first 
conference day with interesting talks and posters, it is time to come with us to see downtown 
Boulder. 
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Post conference workshop  
iLEAPS Specialist Workshop on Flux Measurements in Difficult Conditions will be held at 
the same location as the conference, the Center Green, during 26 - 28 January.  
Registration to the workshop is possible during the conference at the information desk until 
Thursday 26 January. The workshop program and more information are available at 
http://www.atm.helsinki.fi/ILEAPS/fluxworkshop2006/. 

Aims of the Workshop 
Surface exchange measurements in programs like Fluxnet are motivated by important 
questions in biology, ecology, and biogeochemical cycling. Measurement sites will not 
conform to the ideal conditions of homogeneity and stationarity that allow simple application 
of the eddy flux approach. ‘Difficult conditions’ are defined as circumstances that cause 
systematic departures from horizontally homogeneous, stationary flow conditions. Based on 
current understanding of what constitutes ‘difficult conditions’, the issues are: i) advective 
flows caused by topography and/or heterogeneity, ii) spatial and temporal intermittency in 
exchange processes, iii) the contribution and origins of low frequency eddies, nighttime stably 
stratified flows, iv) synthesis: quantification, modelling and correction of measurements in 
difficult conditions. 
The specialist workshop aims to define the conditions where flux measurements are likely to 
be compromised by departures from ideal flow behaviour, develop methods to identify these 
departures and their causes, assess the significance of the resulting measurement errors to 
meteorology and biogeochemistry. The workshop addresses these aims by clarifying the 
present state of understanding in flux measurement in difficult conditions and identifying key 
weaknesses, suggesting collaborative research plans to address these weaknesses, agreeing on 
current best practice for correction of surface atmosphere exchange measurements in difficult 
conditions. The areas will include recent field experiments, physical modelling, theoretical 
models and data assimilation for correction, and footprint analysis in difficult conditions. 

Steering committee 
John Finnigan, CSIRO, Australia  
Ray Leuning, CSIRO, Australia  
Dave Schimel, NCAR, USA 
Gaby Katul, Duke University, USA 
Marc Aubinet, FSAGX, Belgium 
Alessandro Cescatti, CEALP, Italy 
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Map of Boulder 
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General information 
Transport, accommodation   
The conference organiser provides a free bus-transfer in the morning and evening to the 
conference venue, Center Green, and back for the hotels with special arrangements with the 
iLEAPS Science Conference. Please ask at your hotel for departure time in the morning and 
be aware of delays under bad weather conditions. 
The selected hotels are all close to the center of Boulder with public transportation access 
within walking distance. If you have chosen a different hotel for the conference you have to 
arrange transportation to the conference venue on your own. If you want to locate an address 
in Boulder and a public transportation possibility please use the public websites: 
http://www.mapquest.com and http://www.rtd-denver.com. 
 
Residence Inn by Marriott Boulder 
3030 Center Green Dr., Boulder, CO 80301, USA 
Phone: +1-303-449-5545, Fax: +1-303-449-2452 
Reservation: +1-800-331-3131  
www.stayatresidenceinn.com 
 
Millennium Harvest House Boulder 
1345 Twenty-Eighth Street, Boulder, CO 80302, USA 
Phone: +1 303 443 3850, Fax: +1 303 443 1480 
Reservation: +1 866 866 8086  
E-mail: boulder@mhrmail.com 
 
Courtyard by Marriott 
4710 Pearl East Circle, Boulder, CO 80301 USA  
Phone: +1-303-440-4700, Fax: +1-303-440-8975  
Reservation: +1-800-321-2211 
http://marriott.com/property/propertypage/DENBD 
 
Best Western Boulder Inn 
770 28th Street, Boulder, CO 80303 USA  
Phone: +1-303-449-3800, Fax: +1-303-402-9118 
Reservaton: +1-800-233-8469  
E-mail: ari@boulderinn.com 
http://www.boulderinn.com/  

Airport transfers 
The flight destination airport is Denver International Airport (DIA, http://flydenver.com/). 
Boulder is located about 25 miles (40 km) northwest of Denver and there are several 
possibilities with different rates to come from the DIA to Boulder. 

Rental car 
Most of the common car rental companies have a local office at the airport and you will find 
their contact addresses at http://flydenver.com/gt/rental.asp 
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Shuttle service 
The Super Shuttle van service leave the airport hourly from 8:10 am to 11:10 pm. The cost is 
$25 one way and they will deliver you straight to your hotel. You can arrange the Super 
Shuttle van service from the Ground Transportation Desk at the airport in the central terminal 
atrium, or at the Super Shuttle counter located near the baggage pickup carousels.  

Regional Transportation District (RTD) 
The public bus (RTD – the AB-bus, http://www.rtd-denver.com/skyRide/) costs $10 one way 
from the airport to Boulder. RTD also has a desk with schedules at the Ground Transportation 
Desk. If you don not have much luggage, it is very convenient to take the public bus to 
Boulder station where you can use another bus or a taxi to get to your hotel.  

Boulder and Colorado info 
The Boulder Convention and Visitor’s Bureau http://www.bouldercoloradousa.com/ 
Boulder Magazine http://www.getboulder.com/ 
Weather forecast http://www.9news.com/weather/forecast.aspx 

Banking 
Banking is possible with all international credit cards at ATM-machines which can be found 
at banks and supermarkets. Banking hours are generally from Monday to Friday 9am–5pm, 
Saturday 9am – Noon; Sundays closed. The closest bank and ATM to the conference venue is 
First National Bank-Colorado (0.54 miles from Center Green, 3033 Iris Ave, Boulder, CO 
80301). 

Car parking 
A free parking garage is available at the conference venue. 

Dietary and mobility needs 
If you have any special requirements please contact the information desk. 

Medical services 
UCAR has a special medical emergency staff; please contact the information desk during the 
time of the conference if you need medical help. 

Pharmacies 
All large supermarkets such as Safeway and KingSuper have pharmacies. Rite Aid Pharmacy 
(0.71 miles from Center Green, 3348 28th St, Boulder). Hours are from Monday to Friday 
9am–9pm, Saturday 9am–6pm; Sunday 10am–4pm. 

Post office 
The closest office for all postal services is US Post Office (0.80 miles away from Center 
Green, 1860 38th St). Open from Monday to Friday 8am–5:30pm, Saturday 10am–2pm. 

Supermarket 
The closest to the conference venue is Safeway (0.70 miles, 3325 28th St). Open from 
Monday to Sunday 5am–1am. 
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Sponsors 
 
 

 
 
 
 
Atmospheric Chemistry Division (ACD)  
Institute for Integrative and Multidisciplinary Earth Studies (T||MES) 
 
UCAR, University Corporation for Atmospheric Research, is a non-profit consortium of over 
100 university members and affiliates founded in 1960 to enhance the capabilities of the 
universities and to focus on scientific problems that are beyond the scale of a single 
university. www.ucar.edu 
 
NCAR, National Center for Atmospheric Research, is a federally funded research and 
development center. Together with partners at universities and research centers, NCAR is 
dedicated to exploring and understanding our atmosphere and its interactions with the Sun, 
the oceans, the biosphere, and human society. www.ncar.ucar.edu 
 
The overall scientific goal of ACD is to identify and quantify the natural and anthropogenic 
processes that regulate the chemical composition of the troposphere and middle atmosphere 
and to assess future changes caused by human activities.  www.acd.ucar.edu 
 
The T||MES institute has been established to conduct and promote earth science research 
across disciplines. T||MES provides leadership and promotes interactions so that new and 
current initiatives associated with multidisciplinary earth studies can be fostered, grown, and 
integrated.  www.tiimes.ucar.edu 
 

  
 
The China Association for Science and Technology (CAST) is a non-profit, non-
governmental organization of Chinese scientific and technological workers. CAST promotes 
the advancement of science and technology by means of scientific exchanges, popularizes 
scientific knowledge among the general public, provides policy advice and other services to 
the government and the society, develops cooperative relations with the international science 
and technology community, and conducts continued education through various training 
programs. CAST is sponsoring students and early career scientists from China to attend this 
conference. www.cast.org.cn 
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The National Research Foundation (NRF) in South Afica supports and promotes research 
through funding, human resource development and the provision of the necessary research 
facilities, in order to facilitate the creation of knowledge, innovation and development in all 
fields of the natural and social sciences, humanities and technology. The NRF provides 
services and grants to support research and postgraduate research training, vital to the 
development of South Africa. The NRF is sponsoring students and early career scientists from 
Africa to attend this conference. www.nrf.ac.za 
 
 

    
 
 
Dekati Ltd is a technological market leader in innovation, research and development of real 
time fine particle measurement instruments, samplers and analysers. Dekati´s core 
competence and expertise is in the design and manufacture of innovative fine particle 
measuring and sampling devices. The main application areas of Dekati instruments are: 
combustion processes (diesel, gasoline, oil, coal, biofuels etc.), environmental ambient 
aerosol research and monitoring, pharmaceutical drug screening and inhalators, material 
processing. Particle Instruments LLC is the North American distributor for Dekati Ltd, 
Aerosol Dynamics Inc., Kanomax Inc., and Topas GmbH, offering the largest selection of 
aerosol instrumentation in the United States and Canada. www.dekati.com  
sales@ParticleInstruments.com.  
 
 

   
 
Vaisala focuses on measuring the environment, particularly the weather, and on 
corresponding industrial measurements. Vaisala develops, manufactures and markets products 
and services for environmental and industrial measurement in the global market. The mission 
is to provide basis for better quality of life, environmental protection, safety, efficiency and 
cost savings. The major customer groups are national meteorological services, aviation 
authorities, defense forces, road and rail authorities, land and water resource management 
agencies, research institutes, insurance companies, public utilities and industry worldwide. 
The company is the global market leader in many of its core businesses. Vaisala headquarters 
are located in Finland.  www.vaisala.com 
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The University of Helsinki was established in Turku in 1640, but was transferred to Helsinki 
in 1828. The University has the widest range of disciplines in Finland: eleven faculties, 
38,000 degree students and 7,500 staff. The number of degrees taken each year is 4,200, of 
which 400 are doctorates. The University participates in more than half of the national 
Centres of Excellence in Research, elected by international scientific panels. The University 
of Helsinki has been invited to be a member of the League of European Research 
Universities, a co-operation body for the leading European research universities, and has 
strong international connections with some 80 cooperation agreements with universities on 
different continents.   www.helsinki.fi/university 
 
 

 
 
Climate Changes Spatial planning is a Dutch research programme regarding responding to the 
consequences of climate change, focusing on spatial planning, i.e. land use, land use change 
and water management. It also tries to answer the question of what can be done to reduce 
greenhouse gas emissions, particularly in those sectors with an important land use component. 
This research programme combines the efforts and expertise of a broad range of partners from 
government and the scientific and business communities. The know-how gained during the 
programme will allow decision makers to make more informed decisions on the future spatial 
development of the Netherlands and strengthen the knowledge infrastructure on climate 
change and spatial planning in the Netherlands. Because climate change is an increasingly 
determining factor in spatial planning of the Netherlands. The four main themes of the 
programme are climate scenarios, mitigation, adaptation, integration and communication. 
info@klimaatvoorruimte.nl    www.klimaatvoorruimte.nl 
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Exhibitors 
 
 

 
 
 

 
 
 

 
 
 
The exhibition is open during conference hours.    
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Invited speakers  
Dennis Baldocchi, Prof. Dr. 
Professor of Biometeorology at the University of California, Berkeley and Chair of the 
Ecosystems Sciences Division in the Department of Environmental Science, Policy and 
Management.  His scientific interests are in the areas of biosphere-atmosphere interactions 
and canopy micrometeorology.  His research focuses on modeling and measuring the 
biophysical processes that control water vapor, carbon dioxide, atmospheric trace gases 
(isoprene, ozone, methane) and energy between vegetation canopies and the atmosphere. He 
serves as an Editor of Global Change Biology and Tree Physiology and is on the editorial 
review boards of Agricultural and Forest Meteorology, Boundary Layer Meteorology and 
Plant, Cell and Environment.  He is also coordinator of the global FLUXNET project and 
directs an Ameriflux project on the carbon and water flux of an oak savanna.  

Richard A. Betts, Dr. 
Dr Betts is Manager of the Ecosystems and Climate Impacts research team in the Hadley 
Centre for Climate Prediction and Research at the Met Office, Exeter, UK. He has led or 
contributed to a number of key developments in the extension of General Circulation Models 
(GCMs) to include biological processes, with a particular interest in further drivers of climate 
change in addition to the radiative forcing due to greenhouse gases.  He has served on the 
IGBP GAIM Task Force and the WMO Commission for Agricultural Meteorology’s Expert 
Team on the effects of agriculture on climate. Dr Betts was a lead author on the Millennium 
Ecosystem Assessment, and is a lead author on the Working Group 1 contribution to the IPCC 
Fourth Assessment Report. He is also involved in IPCC Working Group 2. The aim of his 
team’s current work is to facilitate a more integrated approach to modelling climate change 
and its impacts.  

Guy Brasseur, Prof. Dr. 
Associate Director of Earth and Sun Systems Lab (ESSL) of NCAR from the beginning of 
January 2006 and Director of the Max Planck Institute for Meteorology in Hamburg, 
Germany (2000-2005). He has worked at the Belgian Institute for Space Aeronomy, where he 
developed advanced models of photochemistry and transport in the middle atmosphere. He 
served as an elected member of the Belgian House of Representatives (1977-1981), and was a 
delegate to the Parliamentary Assemblies of the Council of Europe (Strasbourg, France) and 
of the Western European Union (Paris, France). At NCAR from 1988, became Director of the 
Atmospheric Chemistry Division in 1990. Editor-in-Chief of the Journal of Geophysical 
Research-Atmospheres (1992-1996) and chair of IGAC-IGBP (1994-2001). From 2000 
Director of the Max Planck Institute for Meteorology,  Professor at the Universities of 
Hamburg and Brussels, and the Scientific Director of the German Climate Computer Center 
(Hamburg, Germany). Chair of the IGBP Scientific Committee (2002-2005), President of the 
Atmospheric Sciences Section of the American Geophysical Union (2002-2004), currently 
President of the Focus Group on Global Environmental Changes of AGU. Primary scientific 
interests are questions related to Global Change, climate variability, chemistry-climate 
relations, biosphere-atmosphere interactions, climate change, stratospheric ozone depletion, 
global air pollution including tropospheric ozone, solar-terrestrial relations. He has authored 
or co-authored approximately 130 publications in the peer-reviewed literature, and has 
contributed to the publication of several books. He has led the development of complex 
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models describing the formation and fate of chemical compounds in the stratosphere and 
troposphere. One of these models, called MOZART, has become a community-model for 
global atmospheric chemistry and is used in several universities and research centers.  

Martin Claussen, Prof. Dr. 
Professor of Meteorology at the Meteorological Institute, University Hamburg, and Director 
at the Max Planck Institute for Meteorology, Hamburg (Germany). Chair, and since 2006, 
Vice Chair of the German Meteorological Society, Member of the Senate of the German 
Research Foundation. He has received several awards: Milutin Milankovitch Medal, 
European Geosciences Union (2005), Corresp. Member of  Akademie der Wissenschaften und 
Literatur, Mainz, Germany (2004),  Member of Deutsche Akademie der Naturforscher – 
Leopoldina, Halle, Germany (2003), Member of Academia Europaea (1999). Dr. Claussen 
has initiated and has led the EMIC (Earth system Models of Intermediate Complexity) 
Network. He was member of the Scientific Steering Committees of IGBP-BAHC and IGBP-
GAIM. His scientific expertise is meteorology, climate modeling, paleo climate modeling, 
and land surface – atmosphere interaction.  

Graham Feingold, Dr. 
Graham Feingold is a research scientist at NOAA’s Earth System Research Laboratory in 
Boulder, Colorado. He is a member of the International Aerosol Precipitation Scientific 
Assessment Group (IAPSAG) and the International Commission on Clouds and Precipitation 
(ICCP). His expertise is in cloud physics and aerosol-cloud interactions. He has applied 
numerical models and surface-based remote sensors to address these questions. Particular 
interests include the importance of aerosol composition in cloud droplet activation, 
precipitation formation in boundary layer clouds, aerosol “semi-direct” effects, and coupled 
large eddy simulations of the land-surface-aerosol-cloud system.  

Elisabeth A. Holland, Dr. 
Program head of the Biogeosciences Program at the National Center for Atmospheric 
Research, Boulder (Colorado, USA) and scientist in the Atmospheric Chemistry Division, and 
the Institute for Integrative and Multi-disciplinary Earth Studies.  She served as the leader of 
the Atmospheric Chemistry group at the Max Planck Institute for Biogeochemistry in Jena 
(Germany) from 1999-2001. She is a lead author for Working Group one of the Fourth 
Assessment and the Third Assessment Reports of the Intergovernmental Panel for Climate 
Change, the Millennium Assessment, a member of the external advisory board for the 
QUEST program in the UK, and a member of the National Research Council Committee on 
Strategic Guidance for the National Science Foundation’s Support of the Atmospheric 
Sciences.  Her background is in interdisciplinary studies of terrestrial biogeochemistry, soil 
microbiology and atmospheric chemistry. Her scientific expertise is bio-atmospheric cycling 
of nitrogen and its links to the carbon cycle.  
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Bert Holtslag, Prof. Dr.  
Since 1999, full professor and head of the Meteorology and Air Quality Section at 
Wageningen University, the Netherlands. Before 1999 affiliated to the Royal Netherlands 
Meteorological Institute (KNMI) in several positions and to Utrecht University as professor in 
Meteorology. Prof. Holtslag has worked as visiting scientist at Risoe National Laboratory  
(Roskilde, Denmark), Oregon State University, Corvallis (OR, USA), and to the National 
Center for Atmospheric Research in Boulder (CO, USA). In addition, he has been affiliate 
scientist with NCAR working on boundary layers and climate modeling. Bert Holtslag is 
actively involved in many research projects on surface fluxes, boundary layer processes and 
mesoscale meteorology. This includes modeling and parameterization studies and conceptual 
analysis of observations. Host and Organizer of the 15th Symposium on Boundary Layers and 
Turbulence of the American meteorological Society in Wageningen (2002), Organizer of an 
official Academy colloquium at the Netherlands Academy of Sciences (KNAW) in 1998 on 
'Clear and Cloudy Boundary Layers'. Currently, member of several national and international 
committees, including the Global Change committee and The Earth and Climate Council of 
KNAW, the GEWEX Modeling and prediction panel, and chair of the GEWEX Atmospheric 
Boundary Layer Study (GABLS). Chairperson of the governing board of the Dutch Buys 
Ballot Research School on fundamental processes in the climate system. Writer and 
contributor of more than 150 scientific publications, including about 70 publications in the 
international peer reviewed journals. Advisor and co-advisor of many MSc and PhD students 
at Wageningen and Utrecht Universities.  

Maria Kanakidou, Prof. Dr. 
Professor in environmental chemistry at the Department of Chemistry at the University of 
Crete (Greece). Principal investigator of several scientific projects supported by the European 
Commission and related to chemistry- climate interactions, origin and formation of secondary 
organic aerosol, and impact of oxygenated species on tropospheric chemistry. She is member 
of the Commission for Atmospheric Chemistry and Global Pollution (CACGP) and member 
of the Scientific Steering Committees of the remote sensing (AT2) and transport and 
transformation (T&TP) activities of the ACCENT European Network of Excellence on 
Atmospheric Composition Change. She served as co-convenor of the global integration 
modeling (GIM) activity under IGBP/IGAC, as member of the task force of IGBP/GAIM and 
in the European Commission Science Panel on Atmospheric Composition Change. Her 
background is in chemistry. Her scientific expertise is in atmospheric chemistry, volatile 
organic compounds impact on HOx, O3 and aerosols, modeling of atmospheric chemistry.  

Franz X. Meixner, Prof. Dr.  
Senior scientist and head of the Micrometeorology & Flux Methodologies Group at the 
Biogeochemistry Department of the Max Planck Institute for Chemistry, Mainz (Germany) 
and associate professor at the Department of Physics, University of Zimbabwe, Harare 
(Zimbabwe). He served as member of the Steering Group of BIATEX within the EUREKA 
Environmental Project EUROTRAC. He is member of Steering Committee of the iLEAPS 
recognized project LEARN (Land Ecosystem-Atmosphere Reactive Nitrogen). His 
background is in meteorology and atmospheric chemistry, scientifc expertise in 
micrometeorology, boundary layer meteorolgy and biogeochemistry. Scientific emphasis is 
currently on the biosphere-atmosphere exchange of reactive traces gases on interlinking 
scales, from soil biogenic emissions to bi-directional in-canopy and whole ecosystem fluxes. 
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Carlos A. Nobre, Dr. 
Dr. Nobre is Senior Scientist at the Brazilian Space Research Institute (INPE); PhD in 
Meteorology from the Massachusetts Institute of Technology; Scientific Coordinator of the 
Large Scale Biosphere-Atmosphere Experiment in Amazonia (LBA); Former Director of the 
Brazilian Center for Weather Forecasts and Climate Studies (1991-2003); Chair of the 
Scientific Committee of IGBP (2006-2008); research interests in tropical meteorology, 
climate modeling and biosphere-atmosphere interactions. 

Roger A. Pielke Sr., Prof. Dr. 
Professor of Atmospheric Science at Colorado State University and State Climatologist for 
Colorado, adjunct professor at Duke University, and Senior Research Associate at PAOS and 
Senior Research Scientist at CIRES at the University of Colorado (USA). He has received 
several awards: NOAA Distinguished Authorship Award (1974) for development of a three-
dimensional mesoscale model of the sea-breeze, AMS Leroy Meisinger Award (1977), 
elected a Fellow of the AMS (1982), Abell New Faculty Research and Graduate Program 
Award (1984), Abell Research Faculty Award (1987/1988). He was declared "Researcher of 
the Year" by the Colorado State University Research Foundation in 1993. From 1993-1996, 
he served as Editor-in-Chief of the US National Science Report to the IUGG (1991-1994) for 
the American Geophysical Union, Co-Chief Editor of the Journal of Atmospheric Science 
(1996-2000). He received NOAA's ERL Outstanding Scientific Paper (1998, with Conrad 
Ziegler and Tsengdar Lee) for a modeling study of the convective dryline, was designated a 
Pennsylvania State Centennial Fellow in 1996, and named the Pennsylvania State College of 
Earth and Mineral Sciences Alumni of the year for 1999 (with Bill Cotton).  He has received 
the Engineering Dean's Council Award from Colorado State University (2000) and was 
named Fellow of the American Geophysical Union in 2004. He is listed by ISI HighlyCited in 
Geosciences. His expertise is in atmospheric modeling, land-atmosphere interactions, 
nonlinear dynamics, and the study of weather and climate processes and dynamics. Professor 
Pielke has published over 300 papers in peer-reviewed journals, 50 chapters in books, and co-
edited 9 books.  

Philip Rasch, Dr. 
Senior Scientist at the National Center for Atmospheric Research (NCAR) in Boulder 
Colorado.  He is a Co-Chair of the Atmospheric Model Working Group of the Community 
Climate System Modeling Project.  He has held previous positions as a Chair of the 
Chemistry Modeling Group of the Center for Clouds, Chemistry and Climate, and as an 
adjunct faculty member at the University of Colorado. He has participated in the recent 
INDOEX and ACE-Asia field experiments. He is a Principal Investigator of several scientific 
projects supported by NASA, and has participated as a steering committee member and/or 
science team member in a number NASA projects. He is a member of the Climate Modeling 
Section of the NCAR Climate and Global Dynamics Division, the principle development 
group for the NCAR Community Atmosphere Model (a freely available world-class general 
circulation climate model). His scientific expertise is in numerical methods for atmospheric 
modeling, chemical transport modeling, the physics and parameterization of clouds and 
aerosols for global models, and data assimilation and forecasting of aerosols.  
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Michael Raupach, Dr. 
Research Scientist in CSIRO Marine and Atmospheric Research, Canberra, Australia, and 
leader of the Continental Biogeochemical Cycles Research Team. Co-chair of the IGBP-
IHDP-WCRP-Diversitas Global Carbon Project, a joint project combining research efforts on 
the natural dimensions (atmospheric, terrestrial, oceanic and paleological) and human 
dimensions (economic, social and institutional) of the global carbon cycle. Major research 
interests include: i) biosphere-atmosphere interactions: the flows and stores of energy, water 
and carbon in landscapes, at local, continental and global scales; ii) global and continental 
change, especially the effects of climate and human land use on the terrestrial cycles of  
water, energy, carbon and nutrients; iii) fluid mechanics of turbulent flows, especially over 
rough surfaces; iv) wind flows and the spread of windborne materials in the lower 
atmosphere, especially within vegetation canopies, over hills, around trees and windbreaks, 
and around bushfires; v) soil erosion by wind, including studies of the windborne transport of 
solid particles, erosion control by vegetation, and wind erosion and long-term agricultural 
sustainability. BSc degree (mathematical physics) from the University of Adelaide in 1971; 
PhD (micrometeorology) at Flinders University, South Australia.Fellow of the Australian 
Academy of Technological Sciences and Engineering.  

Piers J. Sellers, Dr. 
Dr. Sellers is a NASA astronaut and before joining the astronaut corps he has worked on 
research into how the Earth’s Biosphere and Atmosphere interact. His work involved 
computer modeling of the climate system, satellite remote sensing studies and field work 
utilizing aircraft, satellites and ground teams in locations such as Kansas, Russia, Africa, 
Canada and Brazil. Bachelor of science degree in ecological science from the University of 
Edinburgh (Scotland) and a doctorate in biometeorology from Leeds University (UK). NASA 
Exceptional Scientific Achievement Award in 1994, Arthur Fleming Award in 1995, Fellow 
of AGU in 1996, AMS Houghton Award in 1997, Fellow of AMS in 1997. Dr. Sellers was 
selected as a NASA astronaut candidate in 1996 and flew his first space mission aboard STS-
112 Atlantis in 2002. On this mission he performed three spacewalks to help install the third 
piece of the International Space Station structure. He is scheduled to make his next spaceflight 
on STS-121 (May 2006) but it may be postponed due to Hurricane Katrina and shuttle foam 
debris problem. 

Timo Vesala, Prof. Dr. 
Professor in meteorology at the Department of Physical Sciences, Division of Atmospheric 
Sciences at the University of Helsinki (Finland). Coordinated three international projects 
(CORE “Climate-Biosphere Interactions” by EU and two projects by INTAS). Principal 
investigator of several large scientific projects supported by the European Commission and 
related to climate change and biogeochemical cycles (most recently Carboeurope, 
Nitroeurope). He leads the Finnish part of Nordic Centre of Excellence on “Studies of 
Ecosystem Carbon Exchange and its Interactions with the Climate System (NECC) and the 
research group in the Academy of Finland Centre of Excellence on “Physics, chemistry and 
biology of atmospheric composition and climate change”. Expertise in biosphere-atmosphere 
interactions, micrometeorology, footprint modeling, carbon cycle, water transport in trees, 
evaporation/condensation of atmospheric aerosols, boreal ecosystems.  
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Conference program 
 

Saturday 21 January 
4.00pm-
9.00pm 

Registration desk open  

4.00pm-
6.00pm 

Welcome party for students and early career scientists  

6.00pm-
8.00pm 

Ice-breaker 

Sunday 22 January 
7.30am-
8.00pm 

Registration desk open  

8.30am-
9.20am 

Welcome and Conference Opening  

 Larry Winter, NCAR  
 Guy Brasseur, IGBP 
 Meinrat O. Andreae and Pavel Kabat, iLEAPS 
Session 1: Land-atmosphere exchange of reactive and long-lived 
compounds: interactions and feedbacks  
Chairs: Mary Anne Carroll, Torben Christensen 
9.20am-
9.50am 

Keynote: Michael R. Raupach, Josep G. Canadell 
Vulnerabilities in the Earth System associated with land-atmosphere exchanges 
of carbon, water and dust  

9.50am-
10.10am  

Invited: Franz X. Meixner 
Exchange of reactive trace compounds in the soil/canopy/boundary-layer system 

10.10am-
10.40am  

Coffee break  

10.40am-
11.00am  

Jorge Curiel Yuste, Laurent Misson, Jianwu Tang, Allen Goldstein, Dennis Baldocchi: 
Spatial and temporal variability of soil microbial decomposition-derived CO2 
efflux at two contrasting Mediterranean ecosystems  

11.00am-
11.20pm  

Andreas Christen, C. Sue B. Grimmond, Franco Miglietta, Ryo Moriwaki, Roland Vogt 
CO2 exchange in urban environments – recent observational studies using eddy-
covariance approaches  

11.20am-
11.40pm  

Torbjörn Johansson, Nils Malmer, Jonas H. Åkerman, Mikhail Mastepanov, Thomas 
Friborg, Kristina Bäckstrand, Patrick Crill, Torben R. Christensen 
Decadal vegetation changes in a northern peatland, greenhouse gas fluxes and 
net radiative forcing  
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11.40am-
12.00pm  

J. William Munger, Shawn P. Urbanski, Carol Barford, Steven C. Wofsy 
Separating response to climate variability from changes to ecosystem properties 
in long-term trends at a mid-latitude deciduous forest  

12.00am-
12.20pm  

Kim Pilegaard, Ute Skiba, Per Ambus, Claus Beier, Nicolas Brüggemann, Klaus 
Butterbach-Bahl, Jan Dick, James Dorsey, Jan Duyzer, Martin Gallagher, Rainer 
Gasche, Lazslo Horvath, B. Kitzler, A. Leip, M.K. Pihlatie, P. Rosenkranz, G. Seufert, 
T.Vesala, H. Westrate, S. Zechmeister-Boltenstern 
Nitrogen load and forest type determine the soil emission of nitrogen oxides (NO 
and N2O) 

12.20pm-
1.20pm  

Lunch  

1.20pm-
1.40pm  

Herman Sievering, Timothy Tomaszewski, Michael Kline, Richard Boyce 
Canopy uptake of atmospheric nitrogen at subalpine forests: enhanced 
photochem efficiency and relations to NEE(CO2) 

1.40pm-
2.00pm  

Roy Wichink Kruit, Addo van Pul, René Otjes, Adrie Jacobs, Peter Hofschreuder, Bert 
Holtslag 
Measured and modeled ammonia exchange fluxes above managed grassland in 
the Netherlands  

2.00pm-
2.20pm  

Taina M. Ruuskanen, Janne Rinne, Risto Taipale, Hannele Hakola, 
Markku Kulmala 
Exchange of biogenic volatile organic compounds between boreal forest and 
atmosphere  

2.20pm-
2.40pm  

Alex Guenther, Thomas Karl, Peter Harley, John Ortega, Detlev Helmig 
Surface ozone depletion potential of volatile emissions from vegetation  

2.40pm-
3.00pm  

Andreas Hofzumahaus, Jörg Kleffmann, Traian Gavriloaiei, Frank Holland, Ralf 
Koppmann, Lutz Rupp,Eric Schlosser, Manfred Siese, Andreas Wahner 
Daytime formation of nitrous acid and hydroxyl radicals in a mixed forest: 
observations during the echo field campaign  

3.00pm-
3.30pm  

Coffee break  

3.30pm-
3.50pm  

Asher Wishkerman, Michael Petri, Angela Haag-Kerwer, Harald Biester 
Bromine mass balance during annual ryegrass (Lolium Multiflorum) 
decomposition  

3.50pm-
4.10pm  

Break-out of Session 5  

4.10pm-
4.30pm  

Break-out of Session 5  

4.30pm-
5.00pm  

Break-out of Session 5  

5.00pm-
7.00pm  

Poster presentations for sessions 1 and 5 
Wine/beer/snacks  

 



30 

 

Monday 23 January  
7.30am-
8.00pm    

Registration desk open  

Session 2: Feedbacks between land biota, aerosols, and atmospheric 
composition in the climate system  
Chairs: Markku Kulmala, Paulo Artaxo  
8.30am-
9.00am  

Keynote: Maria Kanakidou, Kostas Tsigaridis 
Secondary organic aerosols involvement in the feedbacks between biosphere, 
atmosphere and climate. Knowledge and challenges 

9.00am-
9.20am  

Invited: Graham Feingold, Hongli Jiang 
Aerosol-cloud-radiation and surface flux interactions simulated in a large eddy 
model 

9.20am-
9.40am  

Invited: Philip Rasch, Mike Fromm, Peter Hess, Gabriele Pfister, Gabrielle Petron 
The role of forest fires production of carbonaceous aerosols transported to the 
upper troposphere and their effect on the atmospheric circulation  

9.40am-
10.00am  

Thomas F. Mentel, Ralf Tillmann, Astrid Kiendler-Scharr 
Formation of biogenic secondary organic aerosol: a mass spectroscopic approach 
to the carbon mass balance of reactive carbon  

10.00am-
10.20am  

Manuel Capouet, Jozef Peeters, Jean-Francois Müller 
Alpha-pinene oxidation: from simulations of laboratory experiments to global 
modeling  

10.20am-
10.50am  

Coffee break  

10.50am-
11.10am  

Eiko Nemitz, Rick Thomas, Gavin Phillips, Jose-Luis Jimenez, Manjula Canagaratna, 
Doug Worsnop 
Insights into surface/atmosphere exchange fluxes and chemical processing of 
aerosols obtained with a novel eddy covariance system based on aerosol mass 
spectrometry  

11.10am-
11.30pm  

Peter Tunved, Hans-Christen Hansson, Veli-Matti Kerminen, Markku Kulmala, Johan 
Ström, Heikki Lihavainen, Yrjö Viisanen, Miikka Dal Maso, Pasi Aalto 
High aerosol loadings over the boreal forest maintained by terpene emissions?  

11.30am-
11.50pm  

Miikka Dal Maso, Ilona Riipinen, Anne Hirsikko, Robert Wagner, Laura Korhonen, 
Ville Suur-Uski, Pertti Hari, Markku Kulmala 
New atmospheric particle formation and growth in the boreal forest: time series 
analysis at two atmosphere – forest ecosystem measuring stations in Finland  

11.50am-
12.10pm  

Paulo Artaxo, Luciene Lara, Luciana Rizzo, Paulo Henrique F. Oliveira, Theotonio 
Pauliquevis,Carlos A. Pires, Melina Paixão, Silvia de Lucca 
Interactions between aerosols, climate and carbon cycling in Amazonia  

12.10am-
12.30pm  

Jian Wu, Congbin Fu 
Simulation research of radiative forcing and climate responses of black carbon 
aerosol in spring season over East Asia region  

12.30pm-
1.30pm  

Lunch  



31 

1.30pm-
1.50pm  

William Collins, Michael Sanderson 
The importance of climate-chemistry-ecosystem feedbacks in a coupled 
chemistry climate model  

1.50pm-
2.10pm  

Miles Sowden, Mark Zunckel 
Life cycle assessment of biogenic organic emissions and impacts on air quality 
in South Africa    

2.10pm-
2.30pm    

Markku Kulmala, Sanna-Liisa Sihto, Miikka Dal Maso, Ilona Riipinen,Anne Hirsikko, 
Lauri Laakso, Michael Boy, Tuukka Petäjä, Kaarle Hämeri, Tanja Suni, Anni Reissell, 
Pertti Hari, Veli-Matti Kerminen, Kari Lehtinen, Yrjö Viisanen, Ari Laaksonen, Timo 
Vesala 
Biosphere – atmosphere interactions: formation and growth of atmospheric 
aerosols    

Session 3: Feedbacks and teleconnections in the land surface─ 
vegetation─water─atmosphere system  
Chairs: Natalie de Noblet-Ducoudré, Roni Avissar  
2.30pm-
3.00pm  

Keynote: Richard Betts  
Climate change impacts and mitigation: the dangers of ignoring land-atmosphere 
interactions  

3.00pm-
3.30pm  

Coffee break  

3.30pm-
3.50pm  

Édouard L. Davin, Nathalie de Noblet-Ducoudré, Pierre Friedlingstein 
An attempt to quantify the impact of anthropogenic land cover change on 
climate, since pre-industrial times  

3.50pm-
4.10pm  

Ronald W. A. Hutjes, Herbert W. Ter Maat, Riohji Ohba, Hiromasa Ueda 
Meteorological impact assessment of possible large scale irrigation in Southwest 
Saudi Arabia  

4.10pm-
4.30pm  

Sonia I. Seneviratne, Daniel Lüthi, Pier-Luigi Vidale, Christoph Schär 
Land-atmosphere coupling and climate variability in future-climate scenarios for 
the European continent  

4.30pm-
4.50pm  

Roni Avissar, David Werth, Renato Ramos da Silva, Natalia Hasler 
Global teleconnections from land-cover change in tropical regions 

5.00pm-
7.00pm  

Poster presentations for sessions 2 and 3 
Wine/beer/snacks 
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Tuesday 24 January  
Session 3: Feedbacks and teleconnections in the land surface─ 
vegetation─water─atmosphere system  
Chairs: Natalie de Noblet-Ducoudré, Roni Avissar  
8.30am-
8.50am  

Invited: Roger A. Pielke Sr 
Climate forcings, feedbacks, and teleconnections in the land surface-vegetation-
water components of the climate system: Consequences and an alternate 
paradigm to climate prediction  

8.50am-
9.10am  

Invited: Elisabeth A. Holland 
Using observations and models to understand atmosphere-ecosystem 
biogeochemical cycles 

9.10am-
9.30am  

Axel Kleidon 
Does land cover change improve or deteriorate the climatic conditions for 
vegetation productivity?  

9.30am-
9.50am  

Jeffrey A. Hicke, Jesse A. Logan, Dennis S. Ojima 
Insect outbreaks, forests, and climate: effects on the North American carbon 
budget 

9.50am-
10.10am  

Anders Lindroth, Leif Klemedtsson, Ola Langvall, Fredrik Lagergren, Per Weslien 
Dramatic reduction in Swedish carbon sink caused by storm Gudrun in January 
2005 

10.10-
10.40am  

Coffee break  

10.40am-
11.00am  

Dan Yakir, Kadmiel Maseyk, Naama Raz Yaseef, Ilya Gelfand, Eyal Rotenberg 
Forest response to drought: lessons from the edge of forestation 

11.00am-
11.20am  

Michael J. Liddell, Stephen M. Turton, David J. Blake 
Drought in an Australian tropical rainforest – a flux study  

11.30am-
13.00am  

Panel discussion ”Cross-disciplinary research in funding programs?" 
Moderator: Robert C. Harriss (NCAR) 
Participants: EC, DOE, NASA, NOAA, NSF, Japanese and Chinese financing 
institutions  

13.00pm  Free time for sightseeing  
7.00pm  Conference Dinner  

Dinner speaker: Piers J. Sellers 
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Wednesday 25 January  
Session 4: Transfer of material and energy in the soil─canopy─boundary 
layer system: measurements and modelling  
Chairs: John Finnigan, Almut Arneth  
8.30am-
9.00am  

Keynote: Timo Vesala 
Overview on surface fluxes 

9.00am-
9.20am  

Keynote: Dennis Baldocchi, Alexander Knohl, James Dorsey 
Using soil-vegetation-atmosphere transfer models to understand spatial and 
temporal variations in the exchanges of mass and energy between the terrestrial 
biosphere and the atmosphere  

9.20am-
9.40am  

Invited: Bert Holtslag 
Understanding and prediction of atmospheric boundary layers over land  

9.40am-
10.00am  

Sanna Sevanto, Teemu Hölttä, Anu Riikonen, Eero Nikinmaa, Teis N. Mikkelsen, 
William J. Munger, Steven C. Wofsy, Timo Vesala, N. Michele Holbrook 
Information on sugar and water circulation patterns of trees by diurnal diameter 
variation detection  

10.00am-
10.20am  

Joel R. Gat, Naama Raz-Yaseef, Dan Yakir 
Stable isotopes in atmospheric moisture as an index of water usage patterns in 
the land/ecosphere/atmosphere interface  

10.20am-
10.40am  

Coffee break  

10.40am-
11.00am  

Daniela Cava, Gabriel G. Katul, Antonio Scrimieri, Davide Poggi, Alessandro 
Cescatti, Umberto Giostra 
Thermal stratification, organized motion, and the onset of counter-gradient 
flows within canopies  

11.00am-
11.20am  

Tara Strand, Brian Lamb, Russ Monson, Andrew Turnipseed 
Using an instantaneous puff model to simulate advection of CO2 within a 
canopy during nocturnal drainage flows  

11.20am-
11.40am  

Eva van Gorsel, Helen A. Cleugh, Heather Keith, Steven J. Zegelin, Ray Leuning 
Nocturnal carbon efflux: can estimates of eddy covariance and chamber 
measurement be reconciled?  

11.40am-
12.00pm  

Edward G. Patton, Peter P. Sullivan, Keith W. Ayotte 
Flow and transport above and within forests in complex topography  

12.00pm-
12.20pm  

Ivan Mammarella, Niels Otto Jensen 
Turbulent statistics and spectra over forest with non-uniform fetch conditions  

12.20pm-
1.20pm  

Lunch 

1.20pm-
1.40pm  

Stephan De Wekker, Britt Stephens, Bill Sacks, Steve Aulenbach, Tomi Vukicevic, 
Dave Schimel 
Linking CO2 surface fluxes to concentrations in the atmospheric boundary layer 
over complex terrain; observations and mesoscale modeling results.  
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1.40pm-
2.00pm  

Hans Peter Schmid, Gabriel Katul, Ram Oren, William Post, Faiz Rahman 
Scaling up of carbon exchange dynamics from AmeriFlux sites to a super-
region in Eastern North America  

2.00pm-
2.20pm  

Thomas Friborg, Bo Elberling, Birger Hansen, Louise A Jensen, Lea B Schmidt, Jens 
Søndegaard, Hanne H Christiansen, Mikhail Mastepanov 
Winter time measurements of CO2 exchange in a high arctic environment  

2.20pm-
2.40pm  

Henrik Soegaard, Soren Rysgaard, Lotte Sørensen, Søren Larsen, Jørgen Bendtsen, 
Louse Grøndahl, Bo Elberling, Thomas Friborg, Ole John Nielsen, Leif Touda 
Dynamics of the carbon circulation in a high arctic ecosystem – comprising 
atmospheric, terrestrial, fluvial and marine components  

2.40pm-
3.00pm  

Albrecht Neftel, Chris Flechard, Christof Ammann, Lukas Emmenegger, Kerstin Zeyer, 
Thomas Szegvary, Franz Conen 
An assessment of “background” N2O exchange over grassland systems  

3.00pm-
3.30pm  

Coffee break  

3.30pm-
3.50pm  

Heiner Geiß, B. Neininger, U. Rascher, A.Volz-Thomas 
Air chemistry meets biology – airborne measurements of CO2 and H2O fluxes 
over a heterogenoues land surface  

3.50pm-
4.10pm  

Michael Kortner, Ralph Dlugi, Franz X. Meixner, Axel Thielmann, Michael Zelger, 
Martina Berger 
Exchange coefficients of reactive trace gases and other scalar quantities 
between different canopy stands and the atmosphere  

 
Session 5: Modelling of land-atmosphere interactions: towards the Earth 
System approach    
Chairs: Laurens Ganzeveld, Sandy Harrison  
4.10pm-
4.40pm  

Keynote: Martin Claussen 
Global-scale effects of anthropogenic land-cover change in past and future 
climate 

4.40pm-
5.00pm  

Invited: Guy P. Brasseur 
Modeling chemistry-climate interactions 

5.00pm-
7.00pm  

Poster presentations for session 4  
Wine/beer/snacks  
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Thursday 26 January  
8.30pm-
8.50pm 

Invited: Carlos A. Nobre, Paulo Artaxo, Pavel Kabat 
Biosphere-atmosphere interactions in Amazonia  

8.50pm-
9.10pm 

Pascalle Christine Smith, Nicolas Viovy, Nathalie de Noblet, Philippe Ciais, Yann 
Meurdesoif, Bernard Seguin, Alberte Bondeau 
Croplands sensitivity to the 1976 and 2003 European drought events: analysis 
using an advanced agro-DGVM (ORCHIDEE-STICS) 
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9.30am  

David Lawrence 
The soil moisture – precipitation feedback and the diurnal cycle  

9.30am-
9.50am  

Haydee Salmun, Andrea Molod, Andreea Ira, Fernanda Santos 
Observational validation of an extended mosaic technique for the land-
atmosphere coupling 

9.50am-
10.10am  

Hideki Kobayashi, Dennis G. Dye 
Three-dimensional distribution of photosymthetically active radiation and its 
effect on forest canopy photosynthesis  

10.10am-
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Sheri L. Conner Gausepohl, A. Scott Denning, Joe Berry, Stephen A. Montzka, Ian 
Baker, John Kleist 
Assessing the seasonal cycle of simulated photosynthesis using carbonyl sulfide 
(COS) at a continental mixed forest site 

10.30am-
10.50am  

Coffee break 

10.50am-
11.10am  

Kirsten Thonicke, Sandy P. Harrison, César Carmona-Moreno, Alan Belward, I. 
Colin Prentice 
Variability in global biomass burning versus area burnt – a data-model 
comparison with the global burnt surface product 

11.10am-
11.30pm  

Kirsten Thonicke, Sandy P. Harrison 
Change in emissions from global biomass burning since the last glacial 
maximum  

11.30am-
11.50pm  

Paul J. Young, Guang Zeng, John A. Pyle 
Isoprene chemistry in a future atmosphere 

11.50am-
12.10pm  

Almut Arneth, Ulo Niinemets, Annett Wolf, Steffen Noe, Shelley Pressley 
Towards process-based estimates of terrestrial BVOC emissions – integrating 
the direct and indirect effects of atmospheric CO2 concentration, climate and 
vegetation dynamics 

12.10pm-
12.30pm  

Yihua Wu, John Walker, Donna Schwede, Christa Peters-Lidard 
Modeling the bi-directional exchanges of ammonia between the atmosphere and 
terrestrial biosphere 

12.30pm -
12.50pm 

Announcement of awards, photo show 

12.50 Conclusion 
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Organic acids deposition over Atlantic tropical forests in Brazil: biogenic 
and anthropogenic contribution 
Almeida, V.P.S (1), Lara, L.L .(1), Camargo, P.B.(1), Glasius, M. (2) , Oliveira, C.R.P. (1), Fracassi,  
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vpsilvei@cena.usp.br 
Acid rain can result in adverse ecological effects and can acidify soil and surface waters, 
bringing about a several disturbances in biogeochemical cycles. Changes in acidity of rain 
water have been noted in innumerous areas of the world, including urban and pristine locals. 
Organic acids can contribute around 16% to 65% of this acidity (1,2). The organic acids can 
be directly emitted, from biogenic emission, fuel combustion and biomass burning or can be 
formed in the atmosphere through chemical reactions (3).  
Therefore, the main focus of this work was measured the organic acidity in rainwater in order 
to establish the biogenic and anthropogenic influences in organic acids concentrations. We 
collected and analyzed rainwater of two areas of the Atlantic Forest reserves during one year 
(2002-2003). Ion chromatography was used to determine the chemical concentrations. 
The Brazilian Atlantic forest in the State of São Paulo is one of the most threatened 
ecosystems as only 1.8% of its original coverage is left. The sampling sites are Morro do 
Diabo State Park, State of São Paulo (Southeast, Brazil) which is an isolated fragment of 
inland Atlantic tropical forest (tropical semi-deciduous mesophytic broadleaf forest) with low 
annual rainfall (1000-1500mm) next to agriculture and urban areas. The other site is 
Intervales State Park, State of São Paulo, which is the most important fragment of Atlantic 
tropical forest (ombrophilous dense forest) that showed the highest diversity in Brazil, with 
high annual rainfall (1700-2000mm) and located next to ocean. Besides this, these areas are 
suffering different levels of human impacts. 
The acetic and formic acids concentrations were 7.4 µeq.L-1 and 5.2µeq.L-1, respectively, to 
Intervales. On the other hand, the values found to Morro do Diabo reserve were 3.4 µeq.L-1 
and 7.0µeq.L-1 to acetic and formic acids, respectively. The organic acids performed 42% of 
DOC and contributed with 40% of free-acidity of rain water for both areas. 
The F/A ratio to Intervales reserve was 0.7, indicating that direct emission could be an 
explanation for local organic acids presence and in the case of the Morro do Diabo reserve 
this value was 2.0, the photochemical process and agriculture activities could be the possible 
sources to organic acids presence at local atmosphere.  
These results suggest that biogenic emission is the dominant source of organic acids over the 
anthropogenic emissions.  
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Ozone sinks at the foliage surface 
Nuria Altimir  
University of Helsinki, Finland 
nuria.altimir@helsinki.fi 
This paper addresses the various mechanisms of ozone deposition to plant foliage. The lack of 
understanding on the mechanism driving O3 deposition to the wet foliage hinders its 
quantification and leads to its parameterization as a constant value. It seems that the amalgam 
of contradicting results and multiple apparent influences have rendered the parameterisation 
of the non-stomatal ozone sink elusive. This is particularly so for regional-scale models 
comprising many different vegetation types. 
This study is based on Scots pine foliage in field conditions as measured at the SMEARII 
field measurement station in Finland. We used a combination of data from flux measurement 
at the shoot (enclosure) and canopy scale (eddy covariance), information from foliage surface 
wetness sensors, and a broad array of ancillary measurements such as radiation, precipitation, 
temperature, and relative humidity. From the measured fluxes we estimated the ozone 
conductance as the expression of the strength of the ozone removal surface sink or total 
deposition. Further, the stomatal contribution was estimated and the remaining deposition was 
analysed as non-stomatal sink. 
Earlier analysis [1] showed that moisture enhanced the deposition of O3 to foliage by up to 
50%. The strength of this moisture-related sink was found to be variable and could be 
predicted from the ambient relative humidity. We thereafter tested whether moisture 
modulated the non-stomatal O3 flux via formation of a water film on the foliage surface. We 
found that this mechanism could predict the behaviour of the non-stomatal sink, but the 
comparison between predicted and measured values implied a chemical sink that was not 
accountable by one chemical reaction such as simple ozone decomposition. We discuss the 
existence of other mechanisms whose relevance needs to be clarified, in particular: a 
significant stomatal aperture neglected in the estimations, and a potentially large chemical 
sink offered by reactive biogenic organic volatile compounds. 
[1] Altimir, N., Tuovinen, J-P., Vesala, T., Kulmala, M., and Hari, P., 2004. Atmospheric 

Environment, 38, 2387-2398. 

Bi-directional exchange of methanol between grassland vegetation and the 
atmosphere 
Christof Ammann, Christoph Spirig, Aurelia Brunner, Albrecht Neftel  
Agroscope FAL, Air Pollution and Climate Group, Zürich, Switzerland 
Methanol is one of the most abundant volatile organic compounds emitted by vegetation. 
Beside methane, carbon monoxide, and isoprene, methanol constitutes one of the main sinks 
for hydroxyl radicals in the troposphere. The influence of methanol on the atmosphere’s 
oxidising capacity and eventually on the lifetime of climatically relevant gases calls for an 
improved knowledge on its sources and sinks. The importance of the biosphere as methanol 
source has been documented by emission measurements over different vegetation types [1-5]. 
For forests, also considerable nocturnal deposition has been reported [6], indicating 
significant underestimation of this sink by traditional deposition models. Generally the 
understanding of emission and uptake mechanisms at vegetated surfaces, necessary for an 
adequate modelling of methanol exchange, is still limited.  
We investigated the methanol exchange of an intensively managed grassland site at the Swiss 
CarboEurope station Oensingen during several growing periods. For this purpose, three 



64 

different measurement techniques were applied. The eddy covariance (EC) method 
representing the most direct approach, was used for measuring fluxes on the ecosystem scale.  
It requires a fast response analyser that has become available by the PTR-MS technique [2,4]. 
In addition, dynamic chambers covering surface areas of 0.1 m2 and canopy profile 
measurements were performed, also in combination with PTR-MS.  

-0.4

-0.2

0.0

0.2

0.4

0.6

14.7.2004 15.7.2004 16.7.2004 17.7.2004 18.7.2004 19.7.2004 20.7.2004

m
et

ha
no

l f
lu

x 
 [m

g 
m

-2
h-1

]

 
Fig 1. Time series of methanol flux measured by two dynamic chambers (different symbols) on a 
intensively managed grassland field during the growing phase.  

Both chambers and EC results showed methanol emissions during daytime. They were 
highest after cuttings, but continued throughout the whole growing phase. Night time 
deposition was observed on several occasions with the chamber technique (Fig. 1), but was 
only rarely detectable with the EC method mainly due to non-stationary turbulence during 
calm conditions. 
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Fig 2. Diurnal cycle of average methanol distribution (17/18 May 2003) within and above a mature 
grass canopy. The dashed line indicates the canopy height. 

The profile measurements allowed a qualitative description of source and sink distributions 
within the canopy. Figure 2 shows a typical diurnal pattern of the methanol concentration. In 
agreement with the observed bi-directional fluxes, daytime concentrations were highest within 
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the canopy while nocturnal maxima were found above the canopy. During daylight (05:00 to 
21:00) the maximum roughly follows the position of the highest stomatal activity depending 
on the solar angle. This indicates that methanol is mainly emitted by stomata in accordance 
with the findings of Nemecek-Marshall et al. [7]. The consistent minimum concentration near 
the ground suggests the soil surface to be a general sink for methanol. Questions remain open 
about methanol condensation on (wet) leaf surfaces over night. 
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Uptake of nitrogen dioxide (NO2) by tree species 
Ilva Giomar Chaparro-Suarez, Axel Thielmann, Franz X. Meixner and Juergen Kesselmeier 
Max Planck Institute for Chemistry, Biogeochemistry Department, Mainz, Germany 
jks@mpch-mainz.mpg.de 
The uptake of NO2 by vegetation represents a substantial sink for this reactive trace gas. 
Despite intensive investigations there are still large gaps in our knowledge. It is well known 
that the bi-directional exchange of NO2 is strongly influenced by the atmospheric 
concentrations. However, there is some debate about the magnitude of the compensation point 
[1]. Therefore, we investigated the uptake of atmospheric NO2 by trees in relation to 
atmospheric NO2 concentrations during two vegetation periods in 2004 and 2005. Using the 
dynamic chamber technique and a sensitive and specific NO-analysator (CLD 780, Eco 
Physics) we measured the uptake of NO2 by four different tree species (Betula pendula, Fagus 
sylvatica, Quercus ilex und Pinus sylvestris) under field and laboratory conditions. 
Simultaneous measurements of CO2 exchange and transpiration were performed to track 
photosynthesis and stomatal conductance. Depending on tree species we found the exchange 
to be controlled by very low NO2 compensation points sometimes reaching zero values (no 
emission) under laboratory conditions. Contrasting, a high compensation point for European 
beech (Fagus sylvatica) was observed in the field, which is understood as a result of complex 
atmospheric conditions. 
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CO2 EXCHANGE IN URBAN ENVIRONMENTS – RECENT 
OBSERVATIONAL STUDIES USING EDDY-COVARIANCE 
APPROACHES 
Andreas Christen (1), C. Sue B. Grimmond (2,3), Franco Miglietta (4), Ryo Moriwaki (5) and Roland 
Vogt (6) 
(1) Department of Climatology, Berlin University of Technology, Germany. 
(2) Atmospheric Science Program, Indiana University, Bloomington IN, USA. 
(3) Environmental Monitoring and Modelling Group, King's College London, UK. 
(4) Institute of Biometeorology, National Researcher Council (CNR), Firenze, Italy. 
(5) Department of Civil Engineering, Tokyo Institute of Technology, Japan. 
(6) Institute of Meteorology, Climatology and Remote Sensing, University of Basel, Switzerland. 
andreas.christen@tu-berlin.de 
In contrast to forests, agricultural and most other land surfaces, eddy-covariance (EC) 
measurements of turbulent CO2 exchange in cities are rare. In urban environments, 
methodical and logistical problems - namely the non-uniformity of sources, the enormous 
roughness of urban surfaces and the resulting deep roughness sublayer - make representative 
EC-measurements extremely difficult. Compared to inventories, however, appropriate EC-
measurements promise valuable insights into the spatial and temporal variability of CO2-
fluxes within an urban environment and complement our knowledge on urban turbulent 
exchange mechanisms.  

In the last 5 years, approximately 20 urban experimental and long-term monitoring sites were 
equipped with EC-systems for CO2 flux measurements. The individual studies cover different 
urban surfaces (suburban, dense urban, industrial) in cities around the world, and address a 
variability of scales from street canyon top to regional [1]. An overview on recent urban 
studies on CO2-fluxes has been compiled on the „Urban Fluxnet“-website 
(http://www.indiana.edu/ ~muhd/). 

In this contribution, five urban EC-studies from Baltimore, Basel, Berlin, Tokyo and Rome 
are outlined (Tab. 1). Attention is drawn to the diurnal course and the exchange mechanisms. 
We report from ongoing research illustrating achievements, possibilities and problems of 
urban EC-measurements, and discuss future challenges.  
Tab. 1: Selected urban sites with EC-instrumentation for CO2-flux measurements. 
City Site/ Duration Source 

area 
EC-Height(s) Instrumentation Ref. 

Baltimore 
  

Cub Hill 
 

Vegetated 
suburban 

40 m, z/h = 1.8  Sonic1, IRGA5,6, 
CO2-Profile (10 lev.) 

[2-
4] 

Basel  Sperrstrasse 
 

Dense 
urban 
city centre 

32 m, z/h = 2.2 
14 m, z/h = 1.0 

2 Sonic2,3, 2 IRGA5, 
CO2-Profile (10 lev.) 

[5,6]

Berlin  Steglitzer Kreisel 
 

Regional 
sub-/urban 

119 m, z/h = 8.0 Sonic4, IRGA5  

Tokyo Kugahara Dense 
residential 

29 m, z/h= 4.0 Sonic4, IRGA5, CO2-
Profile (11 lev.) 

[7] 

Rome Collegio Romano Dense 
urban city 
centre 

20 m above h 
 

Sonic4, IRGA5 [8,9]

Instrumentation details: 1 Young 81000, 2 Gill Instr. R2, 3 Gill Instr. Ltd. HS, 4 Metek USA-1, 
5 Infrared Open Path Gas Analyzer LI-7500. 6 Infrared Closed Path Gas Analyzer LI-7000. 
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Fig. 1. Left: Average summertime diurnal courses of the vertical turbulent CO2 flux at the five urban 
sites. Right: Cospectral characteristics of vertical fluxes of different scalars including CO2 (w'ρc') at 
Basel-Sperrstrasse (z/h=2.2). 

As a consequence of the non-ideal sink-source distributions and the complex interactions 
between anthropogenic emissions and the urban biosphere all urban CO2-studies are 
characterized by spatially and temporally highly variable fluxes. However, by applying 
appropriate averaging procedures the five urban data sets reveal consistent patterns in their 
typical diurnal courses (Fig. 1, left): In average, dense urban sites are always a source of CO2 
whereas the diurnal course from the highly vegetated suburban site in Baltimore has daytime 
uptake which is more similar to observations over forests. Depending on the study, maximum 
fluxes are observed in the morning and/or in the evening, and slightly reduced fluxes during 
midday may be identified. From Basel and Rome a correlation with traffic is reported [6,8].  

Cospectra illustrate that turbulent exchange of CO2 (w'ρc'), H2O (w'ρv') and heat (w'θ') are 
nearly similar (Fig. 1, right) even if there are clear indications that the vertical source 
distributions are different for these scalars [5]. The partial decoupling of the street canyons 
and cavities, and a highly non-Gaussian exchange characterize the situation closer to the 
urban surfaces. 

The highly variable footprints in urban environments remain a challenge and call for detailed 
3d models in combination with high resolution digital building / land use models. At selected 
sites, additional approaches including stable isotopes, the simultaneous measurement of other 
trace gas fluxes (VOC, CO, CH4) and vertical concentration profiles have been launched to 
complete and/or support the EC- measurements. In future, regional budgets studies over cities, 
advection studies, and the link to (inverse) models will help us to upscale results. 
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Point sources of methane and nitrous oxide: how important are they for 
future warming? 
Torben R. Christensen 
GeoBiosphere Science Centre 
Lund University, Sölvegatan 12, 22362 Lund, Sweden 
torben.christensen@nateko.lu.se 
The main objective of this presentation will be to discuss major uncertainties associated with 
“hot spots” in the source/sink functioning of northern terrestrial ecosystems in relation to 
atmospheric budgets of CH4 and N2O. It is evident that the most important processes for the 
atmospheric exchanges of these different gases are distributed widely across sectors and also 
geographically situated far apart. The presentation will have foci on “hot spots” for emissions 
and will provide these as examples of where ecosystem functioning and changes in these will 
carry major feedback mechanisms with them in a changing climate. 
In terms of CH4 emissions the natural northern wetlands are still the largest single source and 
by far the biggest uncertainties in the atmospheric CH4 budget are associated with permafrost 
dynamics and the effects of melting permafrost and northern wetland dynamics in general on 
CH4 emissions. This presentation will combine information from field campaigns and 
intensive studies at Siberian, Greenlandic and northern European field sites. Data from 
comparative measurements across this gradient will be presented. In addition to the data from 
field campaigns aspects of CH4 formation, oxidation and transport will be dealt with through 
documentation of recent studies in the laboratory and novel use of isotope techniques both in 
the lab and in the field.  
In terms of N2O emissions the largest source and the one holding the greatest uncertainties in 
relation to regional budgets is the one associated with agricultural activity on organic soils. 
Major issues are further associated with freeze-thaw cycles and their impact causing episodic 
large emissions of N2O. In this latter context further a example of a “hot spot” of emission 
will be discussed.  
The presentation will conclude with an analysis of the potential impact changes in major 
current sources of forcing from CH4 and N2O will have on future warming. 

Spatial and temporal variability of soil microbial decomposition-derived 
CO2 efflux at two contrasting Mediterranean ecosystems 
Curiel Yuste J.(1), Misson L. (1), Tang J. (2), Goldstein A. (1), Baldocchi D. (1) 
Department of Environmental Science, Policy, and Management, 107 Hilgard Hall, University of 
California at Berkeley, Berkeley, CA 94720, USA  
Department of Forest Resources, University of Minnesota, 1530 Cleveland Avenue, St. Paul, 
Minnesota 55108, USA 
jkuriel@nature.berkeley.edu ; Tel: +1 (510) 642 2421 
So far, the response of the microbial community to the ongoing climatic changes and the 
indirect climate change-induced changes in the chemical composition of the plant detritus are 
not well understood. However, the response of the microbial communities to these fast 
changes has important implications for understanding the biogenic feedbacks to the 
atmosphere. We developed two parallel experiments to study which environmental factors 
control the strong spatial and temporal variability inherent to soil microbial decomposition-
derived CO2 efflux.  These experiments were carried out at two representative ecosystems of 
the Californian landscape, an oak-savanna located in the Sacramento valley and a ponderosa 
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pine plantation located in the foothills of the Sierra Nevada. To study the microbial 
community responses under field conditions, a first set of experiments aimed to partition soil 
CO2 flux in its autotrophic and heterotrophic components at each location. Soil respiration 
was continuously assessed at both sites using a soil CO2 gradient measurement system and 
periodically assessed using non-steady-state through-flow chamber methodology. The spatial 
distribution of annual grasses and trees in the oak savanna landscape enabled the partition of 
autotrophic and heterotrophic components of the soil CO2 flux during periods when the 
annuals were dead. The second approach to partition the flux involved assessing the δ13C 
signal of soil CO2 flux. Trenching methodology was used in the pine ponderosa stand as a 
third way to partition the flux. A second parallel set of experiments aimed to study the spatial 
and temporal variation of the microbial decomposition response under controlled conditions. 
Intact soil cores were collected at both sites at two different seasons, summer and fall. Two 
water treatments (current field soil moisture and field capacity) were exposed to temperature 
changes that simulated a typical diurnal cycle while soil CO2 flux was measured at each 
temperature. Total C and N, labile/recalcitrant organic C evolution was also assessed. Our 
results suggest that besides temperature, soil moisture and soil organic matter quality, other 
factors, such as seasonality of fresh organic matter inputs to soil or ecosystem-related 
differences in microbial community may strongly affect microbial decomposition-derived 
respiration. 

Emission of biogenic volatile organic compounds from a subarctic mire 
Anna Ekberg, Almut Arneth, Sean Hayward 
Department of Physical Geography and Ecosystems Analysis, Lund University, Sweden 
anna.ekberg@nateko.lu.se 
Biogenic emissions of volatile organic compounds (BVOCs) contribute significantly to the 
total amount of atmospheric reactive carbon. The extremely diverse emissions of plant 
volatiles (methane excluded) are on the order of 1000 Tg yr-1, which has been estimated to 
account for over 90% of all VOCs entering the atmosphere, including anthropogenic 
emissions [1]. These BVOCs have a major impact on the climate since they control the 
oxidising capacity of the atmosphere by reacting with, for example, the hydroxyl radical and 
with ozone. The atmospheric lifetime of other important greenhouse gases, such as methane, 
are therefore indirectly influenced by the BVOCs. They may also contribute to the formation 
of tropospheric ozone and biogenic aerosols, organic particles with the capacity to alter the 
radiative forcing of the atmosphere or interact with cloud formation. 
Northern mires underlain by permafrost and tundra ecosystems in arctic and subarctic areas 
are comparable in structure and function. However, subarctic regions represent the 
southernmost extension of the arctic, why even small changes in, for example, temperature 
and precipitation patterns may severely influence biosphere-atmosphere feedbacks. Our study 
site, the Stordalen mire located near Abisko in northern Sweden (68°21´N, 19°00´E), is 
underlain by discontinuous permafrost which have been shown to rapidly disintegrate over the 
last years [2]. This has lead to significant changes in vegetation composition and carbon 
cycling [3]. 
There is a long record of carbon dynamic and trace gas exchange studies from the Stordalen 
mire [4,5]. However, despite its sensitive response to climate change, this ecosystem type has 
previously been overlooked in respect to BVOC emissions. The MCT-ELSA (Marie Curie 
Team on Exchange Processes in the Land Surface – Atmosphere System) was established 
with the major objective to provide original information of BVOC emissions and their 
environmental control in relation to photosynthesis and net surface-atmosphere carbon 
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exchange, and in view of the formation of biogenic aerosol. During the growing season 2005, 
a first set of BVOC and particle formation field measurements has been conducted. First 
results from leaf-level measurements concentrating on photosynthetic carbon assimilation and 
isoprene emissions from two of the dominating species present on the wetter parts of the mire, 
Eriophorum angustifolium and Carex rostrata, will be presented in this poster. 
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Biosphere-atmosphere exchange of the reactive nitrogen oxides over a mid-
elevation Sierra Nevada forest 
Delphine K. Farmer , Paul J. Wooldridge, Ronald C. Cohen 
University of California, Berkeley, U.S.A. 
dfarmer@nature.berkeley.edu 
As nitrogen is frequently a limiting nutrient in forests, the exchange of reactive nitrogen 
oxides between the biosphere and atmosphere has ramifications on ecosystem nutrient 
dynamics. This exchange also has consequences on tropospheric chemistry by affecting trace 
gas budgets relevant to photochemistry and ozone formation. Thermal dissociation-laser 
induced fluorescence (TD-LIF) was used to measure eddy covariance fluxes of NO2, total 
peroxy nitrates, total alkyl nitrates and HNO3 at Blodgett Forest, a Ponderosa pine plantation 
in the mid-elevation Sierra Nevada’s, during June-September 2003 and June 2004-June 2005. 
We will present the seasonal and diurnal cycles of these fluxes, and consider the net impact of 
this biosphere-atmosphere exchange on tropospheric chemistry and ecosystem dynamics. 

Greenhouse gas measurements over the Amazon Basin  
Luciana V. Gatti (1), John Miller (2), Monica T. S. D’Amelio (1), Elaine A. Jardim Martins (1), Lílian 
Polakiewizc (1), , Andrew Crotwell (2), Ed Dlugokencky(2), Kirk W Thoning(2), Aaron Watson(2), 
Michael Hahn(2), Pieter Tans (2) 
(1) IPEN-CNEN/SP – Lab de Química Atmosférica - Av. Prof. Lineu Prestes, 2242 – Cid. 
Universitária – São Paulo – SP 
(2) NOAA/CMDL, Boulder, Colorado, USA 
lvgatti@ipen.br 
This project is part of the LBA project (Large-Scale Biosphere-Atmosphere Experiment in 
Amazônia).  Our project was designed to help determine regional-scale (~106 km2) fluxes of 
radiatively important trace gases.  Since December 2000 vertical profiles of CO2, CH4, CO, 
H2, N2O and SF6 have been measured above central Amazônia, over Tapajós National Forest 
(near Santarém), and since 2004 over Cuieiras Biological Reserve (near Manaus), and from 
2001 to 2003 above Fortaleza on the Brazilian coast.  Samples are collected aboard light 
aircraft between the surface and either 4 km (Para and Amazonas) or 5 km (Fortaleza) using 
the NOAA/CMDL semi-automatic portable flask package (PFP). The PFP consists of 17 glass 
flasks with 750 mL volume that are pressurized to about 3 bar to enable measurements of all 
the gases mentioned above.  Until the end of 2003 the PFP’s were sent from Boulder, 
Colorado to Brazil, where they are filled, and then sent back to Colorado for analysis. A 
replica of the NOAA/CMDL trace gas analysis system was constructed and installed in 
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IPEN/LQA starting in May 2004. The equipment set up in Brazil is capable of high-accuracy 
and high-precision measurements of CO2, CH4, CO, N2O and SF6 in the flask and PFP 
samples. 
We have compared our vertical profiles of all species to the NOAA/CMDL background site 
Ascension Island (ASC) located in the Atlantic Ocean (8°S).  CO2 profiles at Santarém tend to 
be depleted at all altitudes during the wet season, and somewhat enhanced during the dry 
season (Figure 1).  However, over the course of 4.5 years, we have relatively few dry season 
profiles.  CH4, on the other hand, is enhanced in all seasons.  Presumably, this is due to 
wetland emissions during the wet season and burning during the dry season (Figure 2).  The 
wet season enhancement of N2O in the boundary layer appears to have increased over the last 
several years, possibly due to an increase in the application of fertilizer for agriculture around 
Santarém.  CO is also enhanced at lower levels, but most prominently in the dry season.  
Although our measurement record at Manaus is much shorter than Santarém, there are 
preliminary indications of urban influence in the air above the ‘K34’ flux tower, that is 
sometimes downwind of the city of Manaus (population, 1.5 million).  At both Manaus and 
Santarém, two sets of profiles are taken:  near Manaus, above the ‘K34’ tower and 100 km to 
the east; and near Santarém, near the Tapajos river and 50 km to the east above partially 
agricultural land.  In both cases, we will analyze the different profiles with respect to possible 
anthropogenic influences on our observations. 
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Fig. 1.  CO2 vertical profiles at Santarem (central Amazon) with background concentration as 
represented by NOAA/CMDL site Ascension Island, subtracted. 
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Fig. 2.  Time series of CH4 at NOAA/CMDL site Ascension Island compared to median value of 
Santarem profiles, showing strong elevation at Santarem in all seasons. 

VOC exchange between atmosphere and forest and grassland soils 
JP Greenberg, AB Guenther, A Turnipseed, T Karl, C Wiedinmyer 
National Center for Atmospheric Research, USA 
greenber@ucar.edu 
Diurnal fluxes of several VOCs into and out of soils were measured using proton transfer 
reaction mass spectroscopy (PTRMS). Soil and litter were enclosed in a dynamic system 
within the canopy at the Duke Forest, Chapel Hill, NC. Deposition of methanol, acetaldehyde, 
acetone, and other VOCs was found to forest soils. This is in contrast to previous studies that 
report emissions of these compounds from forest soils. Emissions from soil enclosures may 
occur when VOC are scrubbed from the inlet air.  A micrometeorological gradient technique 
was used in grassland near Boulder, CO. In grasslands, methanol appears to be emitted from 
the soil and/or grass, while acetic acid, methyl acetate, and acetone are deposited; 
acetaldehyde showed little net flux. Methanol emissions from the grassland were lower than 
has been observed for more productive landscapes indicating that vegetation may be the 
dominant methanol source.  Deposition rates are calculated for the 2 soils and compared with 
existing measurements and estimates used in models.  
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Surface ozone depletion potential of volatile emissions from vegetation 
Alex Guenther (1) , Thomas Karl(2), Peter Harley(1), John Ortega(2) and Detlev Helmig(2)  
(1) Atmospheric Chemistry Division, National Center for Atmospheric Research, Boulder Colorado, 
USA  80305 
(2) Program in Atmospheric and Oceanic Sciences, University of Colorado, Boulder, Colorado, USA  
80309 
guenther@ucar.edu 
The volatile compounds emitted by vegetation canopies include some gases that are highly 
reactive with ozone (e.g beta-caryophyllene, a sesquiterpene, and alpha-terpinene, a 
monoterpene). Recent studies have concluded that reactions with these biogenic compounds 
can be the major component of the total ozone loss to a forest [1]. Although ozone reaction 
rates have been reported for some biogenic emissions, there are compounds for which this 
information is not available. In addition, plants may emit highly ozone reactive compounds 
that cannot be measured by the standard techniques used to quantify biogenic emissions. We 
present a method for characterizing the total ozone reactivity of plant volatile emissions using 
a branch enclosure and a commercial analyzer (2B technologies, Golden CO) that quantifies 
the gas phase titration of ozone. This is accomplished by adding ~4 ppm of ozone to the gas 
sample stream and measuring the resulting decrease in concentration of ozone by the absolute 
method of UV absorption. The method has a lower detection of <2 ppb for beta-
caryophyllene. The measured total ozone reactivity of plant volatile emissions compares 
reasonably well with estimates based on PTRMS and GC-MS measurements of volatile 
organic compound concentrations combined with reported ozone reaction rates. Observations 
from various vegetation types are presented and implications for ozone loss in different 
landscapes are discussed. 

Non-methane hydrocarbon emissions from boreal wetlands 
Sami Haapanala(1) , Heidi  Hellén(2), Hannele Hakola(2), Kati-Henna Pystynen(2) and Janne 
Rinne(1) 
(1) Division of Atmospheric Sciences, University of Helsinki, Finland 
(2) Air Chemistry Laboratory, Finnish Meteorological Institute, Finland 
sami.haapanala@helsinki.fi 
The boreal zone covers large areas in the northern hemisphere and is the largest forested 
region on Earth. In addition to forests, wetlands are a typical feature of the boreal zone. 
Meanwhile the non-methane hydrocarbon (NMHC) emissions from the boreal forest 
ecosystems have been studied quite intensively (e.g. [1] and [2]), the data on the wetlands is 
scarce. In this study non-methane hydrocarbon emission from four different boreal wetlands 
were studied.  
Measurements were performed using both ecosystem level micrometeorological method and 
community level chamber method. Ecosystem level measurements were conducted using 
REA (Relaxed Eddy Accumulation) technique. Our REA system employs a dynamic 
deadband and air samples are collected into two Tedlar-bags. After 30 minutes sampling 
period the samples were pumped into canisters. Chamber measurements were conducted 
using static chamber principle. The closure times varied between 10 and 30 minutes and three 
separate samples were taken during the each closure. The Teflon-membrane chambers were 
placed on stainless steel frames during closures. Both canister and adsorbent sampling were 
used. The samples were analysed later in the laboratory using a gas chromatograph with flame 
ionization detector and electron capture detector or mass spectrometer. 
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The main site for this study was Siikaneva fen, located in South-western Finland. Siikaneva is 
an open fen and the vegetation is dominated by Sphagnum mosses and sedges. Other three 
wetland sites were located in Northern Finland and they are classified as flark fens. 
Vegetation on Halssiaapa is dominated by mosses and sedges (Eriophorum- and Carex –
species). In Lompolojänkä the vegetation consists mainly of mosses, willow species and 
Betula nana. Kaamanen has strong surface pattern of dry hummocks and wet hollows. 
Hummocks are covered by various shrubs while hollows grow mosses and sedges. 
Main hydrocarbon emitted by the wetlands was isoprene. Standard emission potentials of 
isoprene were obtained by linear fitting of emission rates to the light and temperature activity 
factor (CLCT) of the emission algorithm presented in [3] and [4] (Fig. 1). In Siikaneva the 
standard emission potential for isoprene, obtained from REA measurements was 680 µg m-2 h-

1. Emission potential obtained from the chamber measurements was somewhat lower, 220 µg 
m-2 h-1. Fluxes of the other hydrocarbons were below detection limit of the REA system. The 
chamber method is capable of detecting significantly lower fluxes and weak emissions of 
ethene, propane, propene, 1-butene, 2-methylpropene, butane, pentane and hexane were 
detected. 
The wetlands in the Northern Finland were sources of isoprene as well (Table 1). It was also 
found that a common wetland species marsh tea (Ledum palustre) is a strong monoterpene 
emitter. Emission rate of monoterpenes from the plot with marsh tea was 140 µg m-2 h-1 while 
emissions from the other plots were negligible. The monoterpenes emitted were α-pinene, β-
pinene, limonene, ∆3-carene, camphene and sabinene. 
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Table 1. Emission potentials of isoprene (µg m-2 h-1) from different wetlands obtained by REA and 
chamber techniques. 
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Table 1. Emission potentials of 
isoprene (µg m-2 h-1) from 
different wetlands obtained by 
REA and chamber techniques. 
 

REA chambers 

Siikaneva (Ruovesi) 680 220 
Halssiaapa (Sodankylä) 350 40 
Lompolojänkä (Muonio) 560 350 
Kaamanen (Inari) 140 310 
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Fig 1. Isoprene flux versus light and temperature activity factor (CLCT) for datasets obtained from 
REA and chamber measurements performed on Siikaneva fen. 

Sesquiterpene emissions from boreal forest 
Hannele Hakola (1) , Virpi Tarvainen (1), Janne Rinne (2) and Heidi Hellén (1) 
(1) Finnish Meteorological Institute, Air Quality Research, P.O. Box 503, FI-00101 Helsinki, Finland 
(2) University of Helsinki, Department of Physical Sciences, P.O. Box 64, FI-00014 University of 
Helsinki, Finland 
Hannele.Hakola@fmi.fi 
The characteristics of the biogenic VOC emissions from boreal forests have been intensively 
studied during the past decade. So far the studies have resulted in enhanced understanding of 
the monoterpene emissions [1-8] and isoprene [8]. However, common boreal trees e.g. downy 
birch, Scots pine and Norway spruce emit also large amounts of sesquiterpenes [9,10,11] 
whose emission characteristics have not yet been fully assessed. Sesquiterpenes have drawn a 
lot of attention lately, due to their high reactivity. Their atmospheric lifetime is only few 
minutes and therefore they cannot be measured in the ambient air samples [8,10], yet they 
have high potential to form secondary organic aerosols [12,13]. Bonn and Moortgat 
[14]suggest that sesquiterpene ozonolysis could be responsible for the atmospheric new 
particle formation observed frequently in several rural locations [15]. Sesquiterpenes also 
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affect tropospheric ozone concentrations, participating in ozone formation when enough 
nitrogen oxides are present. In a very clean environment some of the ozone deposition may 
further be attributed to reactions with sesquiterpenes [16]. The oxidation process of these very 
reactive compounds can also produce hydroxyl radicals [17].  Di Carlo et al [18] found out 
that the OH reactivity was significantly greater in the direct measurements than expected. 
They suggest that unknown biogenic VOCs, possibly terpenes, could provide this missing OH 
reactivity.  
Since the early work carried out especially during the BIPHOREP campaign in 1996-1998 
[19], the emissions of boreal trees have been further studied during several measurement 
campaigns and both the emission spectra of the various tree species as well as the seasonal 
variability of the emissions have been assessed. The emission rates of the sesquiterpenes, are 
now available for the main coniferous and deciduous boreal trees (Table 1; [9,10,11]) 
enabling the compilation of detailed emission inventories. In the present study we will update 
the earlier emission inventory work of Lindfors et al. [6], with special focus on the 
sesquiterpene emissions. The emissions will be calculated utilising detailed satellite land 
cover information and actual meteorological data in an emission model based on the Guenther 
emission algorithms [20,21]. The variation of the forest biomass within the boreal region 
(60°N to 70°N) will be taken into account and the seasonality of the deciduous biomass will 
be included through simple boreal climatology parameterisation. The emission characteristics 
of forests in the South boreal, Middle boreal and North boreal zones will be assessed and the 
first sesquiterpene emission estimates will be presented for the boreal forest. 
Table 1: The monthly mean sesquiterpene emission rates from boreal trees in ng g(dry weight)

-1 h-1. 
 Downy birch Norway spruce Scots pine 
March  0 0 
April  2 0 
May  0 5 
June 2376 9 11 
July 1746 358 87 
August 550  28 
September 6  3 
October  1 0 

References 
[1] Janson, R., 1993, J. Geophys. Res. 98, 2839-2850. 
[2] Janson, R. and De Serves, C., 2001, Atmos. Environ. 35, 4629-4637. 
[3] Komenda, M. and Koppmann, R., 2002, J. Geophys. Res. 107, 10.1029/2001JD000691. 
[4] Rinne, J., Hakola, H., and Laurila, T., 1999, Phys. Chem. Earth (B), 24, 711-715. 
[5] Rinne, J., Hakola, H., Laurila, T., and Rannik, Ü., 2000, Atmos. Environ., 34, 1099-1107. 
[6] Lindfors V., Laurila T., Hakola H., Steinbrecher R., and Rinne J., 2000, Atmos. Environ, 34, 4983-

4996. 
[7] Hakola H., Rinne J. and Laurila T.,1998, Atmos. Environ., 32, 1825-1833. 
[8] Hakola, H., Laurila, T., Rinne, J. and Puhto, K. 2000, Atmos. Environ., 34, 4971-4982. 
[9] Hakola H., Laurila T., Lindfors V., Hellén H. Gaman A., and Rinne J.,2001, Boreal Environment 

Research, 6, 237-249 
[10] Hakola, H., Tarvainen, V., Laurila, T., Hiltunen, V., Hellén, H., and Keronen, P., 2003, Atmos. 

Environ., 37, 1623-1634. 
[11] Tarvainen V., Hakola H., Hellén H., Bäck J., Hari P., Kulmala M., 2005, Atmos. Chem. Phys., 5, 

6691-6718. 



77 

[12] Hoffmann, T., Odum, J. R., Bowman, F., Collins, D., Klockow, D., Flagan, R. C., and Seinfeld, J. 
H., 1997., J.  Atmos. Chem., 26, 189-222. 

[13] Jaoui, M., Leungsakul, S. and Kamens, R. M., 2003,  J. Atmos. Chem., 45, 261-287. 
[14] Bonn, B. and Moortgat, G. K., 2003, Geophys. Res. Lett., 30, 1585, doi: 10.1029/2003GL017000. 
[15] Mäkelä, J. M., Aalto, P., Jokinen, V., Pohja, T., Nissinen, A., Palmroth, S.,  
Markkanen, T., Seitsonen, K., Lihavainen, H., and Kulmala, M., 1997, Geophys. Res Lett.,  24, 1219-

1222. 
[16] Kurpius, M. R. and Goldstein, A. H., 2003, Geophys. Res. Lett. 30, doi:10.1029/2002GL016785. 
[17] Holzinger R., Lee A., Paw K.T. and A. Goldstein, 2004, Atmos. Chem. Phys. 5, 67-75. 
[18] DiCarlo P., Brune W.H., Martinez M., Harder H., Lesher R., Ren X., Thornberry T., Carroll 

M.A., Young V., Shepson P.B., Riemer D., Apel E., Campbell C., 2004, Science 304, 722-725. 
[19] Laurila T. and Lindfors V. (eds.), 1999, Biogenic VOC emissions and photochemistry in the 

boreal regions of Europe, Air pollution research report No 70, Commission of the European 
Communities, Luxembourg, 158 pp. ISBN 92-828-6990-3. 

[20] Guenther, A., 1997, Ecol. Appl., 7, 34-45. 
[21] Guenther, A., Zimmerman, P. R., Harley, P. C., Monson, R. K. and Fall, R., 1993, J. Geophys. 

Res., 98, 12609-12617. 

Daytime formation of nitrous acid and hydroxyl radicals in a mixed forest: 
observations during the ECHO field campaign  
A. Hofzumahaus (1), J. Kleffmann(2), T. Gavriloaiei(2), F. Holland(1), R. Koppmann(1), L. Rupp(1), 
E. Schlosser(1), M. Siese(1), and A. Wahner(1)  
(1) Institut fuer Chemie und Dynamik der Geosphaere II: Troposphaere, Forschungszentrum Juelich, 
Germany 
(2) Bergische Universitaet Gesamthochschule Wuppertal, Fachbereich 9, Physikalische Chemie, 
Wuppertal, Germany 
a.hofzumahaus@fz-juelich.de 
Atmospheric OH and HO2 radical concentrations and their vertical profiles were measured by 
a laser-induced fluorescence instrument during the ECHO field campaign in July 2003 in a 
forest at Juelich, Germany. The campaign was part of the ECHO project which had the goal to 
study the emission and chemical processing of biogenic volatile organic compounds (VOC) in 
a mixed forest stand. OH radicals, which can provide a major sink for VOCs, showed 
surprisingly large midday concentrations up to almost 107 cm-3 in and above the canopy, 
indicating a strong photochemical activity.   
Concurrent measurements of a large set of trace gases (including NOx, O3, HCHO, HONO, 
VOCs) and photolysis frequencies (jO1D, jHCHO, jHONO) allowed to determine the primary 
formation rates of OH from photolytical precursors and from ozonolysis of alkenes. Midday 
measurements showed clear evidence for a large daytime source of HONO (~ 500 ppt/h), 
which represented the dominant source (33 %) of OH radicals due to ongoing HONO 
photolysis. The evidence for a large HONO daytime source is for the first time completely 
constrained by measured parameters (HONO, NOx, OH and jHONO) needed to determine the 
daytime budget of HONO [1].  
The diurnal profiles of our field measurements indicate that the unknown HONO source is 
daylight dependent. The possibility of such a dependence is supported by several recent 
studies, which have directly measured light-driven HONO formation in laboratory 
experiments, but postulated different formation mechanisms [2-5].  
The observed large contribution to the primary OH production during noon at the top of the 
forest canopy suggests that the unexplained source of HONO could have an important impact 
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on the photochemical transformation of biogenicVOC by OH into partly oxidized VOC and 
secondary organic aerosols during their release from forest regions into the troposphere. 
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Decadal vegetation changes in a northern peatland, greenhouse gas fluxes 
and net radiative forcing 
Torbjörn Johansson (1) , Nils Malmer (2), Jonas H. Åkerman (1), Mikhail Mastepanov (1), Thomas 
Friborg (3), Kristina Bäckstrand (4), Patrick Crill (4) Torben R. Christensen (1) 
(1) Lund University, Sweden 
(2) Lund University, Sweden 
(3) University of Copenhagen, Denmark 
(4) Stockholm University, Sweden 
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In the sub-Arctic thawing permafrost has implications for the physical stability of peatland 
ecosystems. The associated changes in carbon fluxes contribute to alterations of the Earth 
energy balance as induced by anthropogenic greenhouse gas emissions. This study provides a 
comprehensive analysis of how permafrost thawing and subsequent vegetation changes in a 
sub-Arctic Swedish mire have changed the net exchange of greenhouse gases (CO2 and CH4) 
over the past three decades. Color Infrared (CIR) aerial images covering the mire (ca 17 ha) 
and surroundings from 1970 and 2000 were used. The results show a change in vegetation 
composition between 1970 and 2000. The area covered by hummocky vegetation has 
decreased by more than 11 %. During the same time period the growing season atmospheric 
CO2 sink function increased with about 16 % while CH4 emissions increased by 22 %. 
Calculating the flux as total carbon dioxide equivalents (using the commonly applied global 
warming potential) show that the mire in 2000 has a 47.3 % greater radiative forcing on the 
atmosphere. Northern peatlands in areas with thawing discontinuous permafrost are likely to 
act as larger greenhouse gas sources over the growing season today than a few decades ago. 

Insights learned from the CELTIC (Chemical Emission, Loss, 
Transformation and Interaction within Canopies) Initiative.  
Thomas Karl ,  Alex Guenther, Andrew Turnipseed, Peter Harley and Jim Greenberg 
Earth Sun Science Laboratory, Atmospheric Chemistry Division, National Center for Atmospheric 
Research 
tomkarl@ucar.edu 
Historically volatile organic compounds (VOCs) have been recognized as a central part in 
atmospheric chemistry(Trainer et al., 1987). It is now also becoming clear that VOCs are not 
only an intrinsic part of the carbon cycle, but can have important ramifications on the global 
climate system(Collins et al., 2002). It is suggested that landuse change will have a profound 
impact on the distribution of biogenic VOC emissions. In addition, recent reports ((Kurpius 
and Goldstein, 2003), (Holzinger et al., 2004), (Di Carlo et al., 2004))hypothesize large 
biogenic emissions, that could offset the HOx balance and the ozone flux budget above 
various ecosystems. These studies suggest large hitherto unknown sources of reactive organic 
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compounds that have yet to be identified. This poster will summarize some of the insights 
gained from recent CELTIC field experiments (Duke Forest, NC, 2003, Amazon, BR, 2004 
and Prophet Tower, MI, 2005) and address uncertainties that will have to be considered in 
future field campaigns and modeling exercises. 
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Effect of air pollutions on chlorophyll contents and dry weight 
accumulation for different genotypes of cotton in conditions of Tajikistan  
Irina Kasparova, Mukadam Niyazmuhamedova, Abdumanon Abdullaev  
Institute of Plant Physiology and Genetics Academy of Science Republic of Tajikistan, Republic of 
Tajikistan  
K.S.Irina@list.ru 
Cotton plant of variety 108-F and line L-3 (Gossypium hirsutum L.), which distinguished by 
coloring of leaves and stomata resistance for CO2 flow were used as object for investigation 
of ozone action on dry weight accumulation and chlorophyll contents. The plants were grown 
on an experimental site of the Institute. The vessels with plants were placed in chambers with 
transparent walls and open top. The plants which have been brought at natural for given locale 
of Tajikistan ozone concentration (45-50 nl/l) were used as a control.  
It was established, that the concentration of ozone 200 nl/l results in appearance of necrotic 
maculae on leaves of the upper layer after 3 hour effects. The long-lived effect (14 days) is 
produced with development of a chlorosis. The contents of chlorophyll a+ b in leaves of the 
upper layer would decrease on 14 %. The content of pigments in lower layer was less, than in 
the control more than on 50 %. Thus the changes in the ratio of chlorophyll and, were watched. 
The nature of change of the contents of ascorbic acids is similar to change of the contents of 
chlorophyll. The correlative connection between the contents of chlorophyll and ascorbic 
acids in leaves of control and experimental plants is obtained.  
The infraspecific differences in reaction of cotton plants to effect of heightened 
concentrations of ozone are established, which one show in paces of accumulation of dry 
matter accumulations and leaf area formation. The greatest sensitivity to ozone on leaf area 
formation and dry matter accumulation has exhibited plants of a line L-3, despite of higher 
values of a stomata conductance, reference for this genotype. The decrease of the contents of 
a dry matter accumulation for plants of line L-3 reached 60 % and leaf area formation 65 % 
from the control plants. In vegetative phases of development the change of distribution of 
assimilates between organs of plants (reduction of a part of roots) is revealed. The problems 
of interrelation of a growth function and injures of cotton plants under chronic ozone effect 
are discussed.  
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How resilient may the Amazon rain forest carbon balance be to climate 
change? 
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Berton Zanchi(4,2), Rita de Cássia da Silva(1,3) and Luciana de Souza Soler(1,3), Isabel Escada(3) 
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(2) INPA, Manaus, AM, Brazil 
(3) INPE, Sao Jose Dos Campos/ Caxoeira Paulista, SP, Brazil 
(4) VUA, Amsterdam, Netherlands 

Introduction 
The Amazon region stocks vast amounts of biomass that could be potentially emitted to the 
atmosphere as CO2 in short time as a result of climate-induced or anthropogenic disturbance 
(Cox et al., 2000). In recent years, several lines of research indicate that the region’s 
ecosystems are not, as has often been assumed previously, always in a state of carbon 
equilibrium, but instead that the rainforests are extremely dynamic and are likely to, on the 
whole, be taking up (between 0.5 and 2 Mg ha-1) carbon from the atmosphere (Araujo et al., 
2002). This sink is variable, is higher in the western than in the eastern Amazon, depends on 
disturbance history (Saleska et al., 2003) and is likely to vary with rainfall. Not enough 
information is available yet about the sink capacity of degraded forest, pasture and savanna, 
but the carbon balance of the region is likely to be closely linked to the fate of the rain forests. 
To estimate the carbon balance of the region under various scenarios of change (here: 
hypothetic pathways of climate and development), it should be a priority to explore both the 
sink capacity of these ecosystems and the dynamics of the interacting climate and land-use 
changes under such scenarios. Here we report on work under the Large-scale Biosphere-
Atmosphere experiment in Amazonia (LBA) over the past years as well as planned in the near 
future, assisted by Brazilian government, the EU and a Netherlands-funded programme 
(WOTRO). 

Local ecosystems 
Prolonged reductions in rainfall will decrease productivity of the rain forests,  and enhance 
losses  through fire and respiration (Saleska et al., 2003). In large parts of the central Amazon, 
however, the landscape is undulating, with wet, frequently inundated valleys. With 
moderately extended drought, these valleys might become less waterlogged and the 
productivity of their generally less well-developed forests might increase. On the other hand, 
these valleys have poor soils with thick organic layers, which might degrade if drained, 
leading to nutrient loss and development of suppressed-growth ‘Campina’ vegetation. This 
implies a typical non-linear ecosystem response, with some resilience under moderate 
disturbance but high vulnerability if disturbance increases. Through a set of small-scale, 
artificial drainage experiments in a central Amazon valley bottom, combined with 
investigating natural sensitivity of productivity to dry periods, we will begin to understand 
and model this resilience-vulnerability balance. 

Regional climate 
The effects of local-scale heterogeneity in hydrology, evaporation and ecology on regional 
climate is being investigated through a coupled hydrology-meteorology model and field 
studies (Quartas et al, in prep). A paired catchment study in Central Amazonia is well 
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underway, stressing the importance of scale (Tomasella et al, in press). Deforestation will 
lead to reductions in rainfall, but moderate reductions may lead to increased mesoscale 
circulation and convergence enhancing rainfall (Avissar et al., 2002), but at larger scales the 
patterns of deforestation may affect the extent to which moisture is transported and 
recirculated from the Atlantic into the western and southern parts of the region. These 
interactions induce a degree of resilience of the region’s carbon balance to the disturbances by 
climate and deforestation, and this resilience will be assessed using coupled models, in 
relation to hypothetical land-use scenarios.  

Dynamics and feedbacks in land-use change 
The patterns of deforestation, affecting climate and hydrology, result from socio-economical 
processes and political choices as well as from geographical and physical suitability of land. 
Many studies exist of the extent, patterns and dynamics of deforestation with some emphasis 
on the consequences of road building (www.obt.inpe.br/prodes/; Camara et al., 2005). 
Enhancement of deforestation as a result of roads would likely affect the regional circulation 
of moisture, hence affect climate. But at smaller scales, changes in climate and soils, as 
described above, may feed back on the suitability of land for exploitation and on human 
vulnerability, potentially feeding back on and creating resilience against further disturbance of 
the rain forests. To include elements of such feedback processes in models of land-use change 
drivers (Verburg et al., 2002) is the third element of the linked research programme. 
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Hydrogen and oxygen isotope ratios of water vapor in coniferous forests of 
the Pacific Northwest, USA 
Chun-Ta Lai, James R. Ehleringer 
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Measurements of stable isotope compositions of water vapor (δ2H and δ18O) were made every 
3 hours for 3 consecutive days above and within an old-growth coniferous forest in the Pacific 
Northwest of the United States. The objective of these measurements was to examine the 
impact of atmospheric mixing, transpiration, and evaporation on the diel variation in δ2H and 
δ18O values of water vapor in forests. Atmospheric vapor samples were collected 
simultaneously with a cryogenic trap at 3 different heights, i.e. 0.5, 10 and 60m above ground. 
Significant vertical gradients were consistently observed in the morning for all 3 days, with 
higher values observed at 60m (20-30 ‰ more enriched for δ2H and 3-4 ‰ for δ18O; 
VSMOW scale). The distinct vertical separation contrasts with the δ18O pattern observed by 
Lai et al. [1] in relatively well-mixed conditions.  
Lai et al. [1] used a simple box model to explain relative contributions of atmospheric mixing, 
transpiration and evaporation on the diurnal δ18O values of canopy vapor in this coniferous 
forest. It remains to be seen whether such a one-dimensional budget approach is sufficient to 
explain the diel variations of δ2H and δ18O when vertical gradients appear to be strong. 
 

 
Fig. 1 Relationship between hydrogen (δ2H) and oxygen (δ18O) isotope ratios of various ecosystem 
waters observed in an old-growth coniferous forest in southern Washington, USA. The solid line 
represents the local meteoric water line (LMWL; δ2H = 8.20*δ18O+12.39) [2]. A regression including 
nighttime vapor, rain, soil, and stem waters appears to form a linear relationship with a deuterium 
excess of –17.2. 

Figure 1 shows the relationship between δ2H and δ18O values of water vapor, in conjunction 
with values of other ecosystem waters (i.e. rain, leaf, stem and soil water). A regression 
including rain, stem and soil waters and the majority of nighttime vapor appears to form a 
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straight line (δ2H = 6.89*δ18O – 17.2; R2 = 0.98, n = 47). This relationship, however, is 
different from the local meteoric water line (δ2H = 8.20*δ18O + 12.39) [2], ad hoc the 
remarkable difference in the intercept (D-excess). δ2H and δ18O values of leaf water also 
show a significant linear relationship, but reside off the source water-vapor regression line 
with a smaller slope resulting from transpiration.  Daytime vapor appears to be more difficult 
to interpret for its lack of consistency between δ2H and δ18O values. We suggest that 
excessive evaporation might have occurred during rainfall, but evaporation becomes 
negligible once rainwater enters the soil. This suggestion supports the strong linear 
relationship between rainwater and stem and soil waters, and it may also explain why such a 
relationship deviates from the local meteoric water line. 
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Atmospheric deposition in Brazil: consequences of the anthropogenic 
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This paper describes the relationship between biogenic emissions from forests of Amazonian 
and Southeastern Brazil and the concentration of organic acids and nitrogen in rainwater and 
aerosols. We also addressed how the anthropogenic activities are changing the concentration 
and deposition patterns of organic acids, carbon and nitrogen in Brazil. The atmospheric 
deposition of chemical species within the Earth’s ecosystems not only provides a natural sink 
but also acts as a source of nutrients and plays an essential role in controlling the 
biogeochemical cycles of carbon and nitrogen. In tropical regions convective clouds produce 
abundant rainfalls which are the main sink of water-soluble gases and aerosols emitted into 
the atmosphere through wet deposition processes. Substantial increases of NOx and SO2 
emissions were observed in Asia and in some regions of the tropics due to the rapid 
industrialization, urbanization, and deforestation (Ayers et al., 2000; Lara et al., 2001). 
Nevertheless, quite little information is available for developing regions of tropical and sub-
tropical areas, where land-use changes are intense and followed by rapid urbanization, 
associated with a large industrial expansion. Such information is relevant, since recent 
estimates show that in a near future more than half of N inputs related to energy consumption 
in the Earth will take place in tropical and subtropical regions (Galloway et al., 1994). In 
addition, tropical terrestrial and aquatic systems appear to function differently from temperate 
systems, where N limitation is more severe than in the tropics (Matson et al, 1999). Therefore, 
conclusions based only in studies conducted in temperate regions may not be valid for tropical 
and sub-tropical regions. Indeed, the acidification of precipitation and subsequent high 
nitrogen deposition rates has been taken place in disturbed regions in Brazil (Lara et al., 
2001). 
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In order to investigate the relationship between land cover and atmospheric chemistry we 
collected rainwater and aerosol (fine and coarse mode) samples in different sites in 
Southeastern Brazil and in Amazonian. Pristine sites are located in Central Amazon rain 
forest (Balbina) and in Mata Atlântica (native forest) in Southeastern Brazil. Disturbed sites 
are characterized by deforestation and biomass burning (Rondônia, Amazonian), 
industrialization and urbanization processes and biomass burning (Southeastern Brazil). Land 
cover and land-use changes are probably responsible for the spatial variability found in 
precipitation and aerosol chemistry. As a consequence of the anthropogenic activities 
significant rainfall acidity was detected (VWM pH = 4.5). The origin of the free acidity in 
rainwater is different in each site and come out to be linked to the land cover. Organic acids 
appear to control the acidity in remote areas while in other sites inorganic acidity has been 
detected. In addition, land-use changes, mostly the conversion of primary forest to pasture or 
croplands by biomass burning, are altering the concentration and the pattern of organic acids 
in rainwater. 
According to the Factor and Cluster Analyses, the composition of rainwater and aerosols in 
the disturbed sites appears to be controlled mostly by two sources: biomass burning and 
industrial emissions, and in the remote areas by biogenic emissions and marine influence. 
Additionally, nitrogen deposition was significantly higher in the disturbed sites and DOC 
(Dissolved organic carbon) deposition was significantly lower in these sites. Indeed, N wet 
deposition increases from an annual rate of 3.0 kg.N.ha-1.yr-1 in pristine areas to an annual rate 
of 5.6 kg.N.ha-1.yr-1 in disturbed regions (Lara et al., 2005). Our results pointed out that this 
increasing is mostly linked to biomass burning emissions which also drive a shift in the 
composition of nitrogen deposition from nitrate to ammonium dominated nitrogen deposition 
budget. Moreover, the pattern of organic acids such as the rate of formate to acetate also has 
been changed due to biomass burning. These large perturbations to the tropical atmospheric 
nitrogen cycle and organic acids have important deleterious consequences for ecosystem 
function. If the anthropogenic activities continues to accelerate at the present rate and if these 
changes in the atmosphere composition detected in Brazil are also taking place in other 
tropical areas of the world, where most of the biomass burning occur, in a few decades 
significant regional biogeochemical cycles changes can be expected with alterations in the 
regional climate and possible global impacts. 
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The terrestrial biosphere is an essential component of the surface-atmosphere interactions, 
emitting highly reactive compounds such as isoprene, monoterpenes, methanol and other 
alcohols, acetone, or aldehydes, in the troposphere. Those volatile organic compounds (VOC) 
are strongly involved in tropospheric chemistry, and participate not only to gas phase 
reactions but also to particulate formation. Moreover, biogenic VOC emissions are very 
sensitive to environmental conditions (temperature, radiation, vegetation type) and could thus 
be significantly affected by climate and vegetation distribution changes. 
Based on the interactive global biogenic emission and dynamic vegetation model 
ORCHIDEE, we investigate the evolution of biogenic VOC emissions in four scenarios: the 
Last Glacial Maximum (21,000 years BP), the preindustrial (1850s), present-day (1990s) and 
the future (2100). The combined effects of foliar expansion, climate change and ecosystem 
redistribution has a large impact on biogenic emissions. We estimate that total biogenic VOC 
emissions increase from 331 TgC/yr at the LGM to 702 TgC/yr at the preindustrial, 725 
TgC/yr at present-day and to 1251 TgC/yr under future conditions. Furthermore, it is 
important to notice that if the tropics remain a major source region, a substantial decrease in 
VOC emissions is calculated over Amazonia for 2100 due to the recession of tropical forests 
in response to climate change. The northern hemisphere becomes a significant source of VOC 
in the future and globally, emissions increase by 27% for isoprene and 51% for monoterpenes 
compared to the present. 

Gas-phase products and secondary aerosol yields from the ozonolysis of ten 
different terpenes  
Lee, Anita (1) , Goldstein, Allen (1), Keywood, Melita(2), Gao, Song (2), Varutbangkul, Varuntida (2), 
Bahreini, Roya (2), Flagan, Richard (2), Seinfeld, John (2) 
(1) University of California, Berkeley, Department of Environmental Science, Policy and 
Management, Berkeley, CA 94720-3114 
(2) California Institute of Technology, Department of Environmental Science and Engineering and 
Department of Chemical Engineering, Pasadena, CA 91125 
alee@nature.berkeley.edu 
The ozonolyses of six monoterpenes (α-pinene, β-pinene, 3-carene, terpinolene, α-terpinene, 
and myrcene), two sesquiterpenes (α-humulene and β-caryophyllene), and two oxygenated 
terpenes (methyl chavicol and linalool) were conducted individually in Teflon chambers to 
examine the gas-phase oxidation product and secondary organic aerosol (SOA) yields from 
these reactions. Particle size distribution and number concentration were monitored and 
allowed for calculation of the SOA yield from each experiment, which ranged from negligible 
to 59%. A proton transfer reaction mass spectrometer (PTR-MS) was used to monitor the 
evolution of gas-phase products, identified by their mass to charge ratio (m/z).  Several gas-
phase oxidation products, formaldehyde, acetaldehyde, formic acid, acetone, acetic acid, and 
nopinone, were calibrated and identified by the PTR-MS. Aerosol yields, and the yields of the 
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five low molecular weight oxidation products as well as nopinone and many higher molecular 
weight oxidation products identified by their m/z, varied significantly between the different 
parent terpene compounds. The time evolution of many of the observed oxidation product 
ions, particularly m/z 111 and 113, were suggestive of multi-step oxidation. These two 
oxidation product ions have also been identified in ambient air above a Ponderosa pine forest 
canopy, and our results confirm that those ambient observations are consistent with terpene + 
O3 reactions. Many of the unidentified oxidation product ions from the terpene compounds 
are stable on the time scale of these experiments and can be measured in field campaigns as 
markers of ozone oxidative chemistry.  

Exchange of reactive trace compounds in the soil/canopy/boundary-layer 
system 
Franz X. Meixner 
Max Planck Institute for Chemistry, Biogeochemistry Department, J. J. v. Becherweg 27,  
D-55128 Mainz, Germany 
Meixner @mpch-mainz.mpg.de  
Biogenic emission and deposition of reactive trace compounds are important components of 
tropospheric chemistry and are predominantly linked to the geochemical cycles of carbon and 
nitrogen. In the context of land-biosphere-atmosphere exchange, gaseous and particulate trace 
compounds are considered as "reactive", if time scales of chemical reactions are overlapping 
with those of turbulence mixing and plant physiological (and soil microbial) processes. In 
stable (nocturnal) surface layers, this can occur even over flat, even and homogeneous terrain 
of low vegetation. But, particularly in (low turbulence) forest canopies, biological, chemical 
and transport processes become equally important resulting in tightly coupled exchange pro-
cesses of reactive compounds and consequently in strong vertical divergence of corresponding 
turbulent fluxes. Examples will be given for volatile organic compounds (VOC), the NO-
NO2-O3-triad, and water-soluble nitrogen compounds (NH4, HNO2, HNO3, NH4NO3). Key 
controlling factors of exchange processes in the soil/canopy/boundary-layer system will be 
discussed considering potential effects of change in land-use and land-cover. 

Separating response to climate variability from changes to ecosystem 
properties in long-term trends at a mid-latitude deciduous forest 
J. William Munger (1) , Shawn P. Urbanski (2),Carol Barford (3), Steven C. Wofsy (1) 
(1) Harvard University, Cambridge, MA, USA 
(2) U.S. Forest Service, Missoula, MT, USA 
(3) University of Wisconsin, Madison, WI, USA 
jwm@io.harvard.edu 
Long running eddy covariance measurement stations allow us to identify interannual 
variability and trends in the net exchange of CO2 at the landscape scale. Key goals are to 
determine the controlling processes and their response to key environmental drivers. 
Variability in CO2 exchange depends on both the response to climatic variations, as well as 
changes in the underlying ecosystem physiology. The Harvard Forest Environmental 
Measurement Site (HFEMS) was established in 1990 and has a nearly continuous record of 
net exchanges of momentum, heat, CO2, nitrogen oxides and ozone, along with critical 
meteorological data and ground-based forest measurements [1-2]. Annual NEE, GEE and R 
have increased since the beginning of the experiment (Figure 1). We use a simple empirical 
model to determine the mean response to temperature and light within 8 phenological seasons 
over 9 years of data (eq 1) 
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Figure 1 Observed annual NEE, GEE and 
Respiration at Harvard Forest are plotted for 
each year 1992-2004. R is estimated from 
nighttime NEE and extrapolated to the full day. 
GEE is computed as NEE –R.  
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The model accounts for variations among 
years that are strictly related to climatic 
variability, and identifies anomalies that 
must be attributed to changes in ecosystem 
functioning. Overall, the empirical model 
accounts for 80% of the hourly variance 
during the growing season.This result 
demonstrates that simple models, such as 
those used in regional data assimilation 
[e.g. Gerbig, 2003] and based on a 
minimum number of parameters, can 
capture the relevant short-term variability 
in NEE. During the dormant season when 
NEE is dominated by ecosystem 
respiration, the model does not reproduce 
the observations as well; evidently 
temperature alone is not a sufficient 
predictor for ecosysem respiration. 
When integrated over seasonal to annual 
intervals model predictions deviate from 
observations, as illustrated for growing 
season NEE in Figure 2. Deviations from 
the model on these scales identify the 
influence of stress (drought, storm 
damage, insects) or variations in nutrient 
availability. We believe that the 
anomalously low NEE in 1998 results 
from damage to small branches and buds 
during a regional ice storm in January 
1998. Increased NEE, GEE and R in 2001 
and after suggests that this aggrading 
forest may not yet have reached its peak growth. 

 
Major results of this analysis are that variability in ecosystem fluxes is partially explained by 
climatic variation, but fundamental changes in ecosystem physiology are important and can be 
identified in long-term data sets. Flux tower data are well suited to constrain estimates of 
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NEE based on the empirical model are 
integrated over the acive growing season 
for each year. The model captures several 
year-to-year differences but notably fails to 
predict the low (less negative) uptake in 
1998 (post ice storm), or fully account for 
the high uptake in 2001.
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trace-gas exchanges on hourly to seasonal time scales, but additional data sources including 
biomass inventories, disturbance history, remote sensing, and chemical analysis of foliar and 
soil nutrients are required to understand variations at longer time scales.  
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Girdling derived Sink limitation down-regulates the photosynthetic activity 
and modifies BVOC production in Scots pine under natural conditions  
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Global change will increase the growing season length in Northern latitudes and influence the 
temperature fluctuations during transient periods. The maintenance of balance between energy 
capture, photosynthetic phosphorylation and CO2 – assimilation (Photostasis) is important for 
the evergreen conifers during the annual cycle in these climates [2]. Pigment reactions are 
central in this acclimation. Pigment biosynthesis involves the same metabolic pathways as 
those leading to production of BVOCs (biogenic volatile organic compounds) so it is possible 
that photosynthetic acclimation to annual cycle and BVOC emissions from conifers are 
coupled [4, 6].  
The accumulation of sugars in leaves due to lowered sink demand in the autumn may lead to 
the acclimation of light capturing antennae as there is ample evidence on down-regulation of 
photosynthetic dark reactions in response to external feeding of glucose or sucrose [1]. High 
sugar concentrations in evergreen leaves have a stabilising role of cell organelles during 
adverse winter conditions and there is evidence that sucrose is preferred over starch synthesis 
in the CO2-assimilation of cold acclimated leaves [3, 5]. This would suggest that sucrose 
levels and non-photosynthetic heat dissipation from light capturing antennae that involve the 
pigment reactions are linked. It is also suggested that BVOC emissions from leaves may act 
as an “over-flow valve” that helps to avoid excessive carbohydrate accumulation in them. 
In boreal conifers the carbohydrate sink activity is predominantly in the growing root system 
during the late summer. The leaves “recognise” this sink in the pressure gradient in the 
phloem developing from sugar loading at the carbohydrate source and unloading at the 
carbohydrate sink. Removing the sink reduces the hydrostatic pressure gradient that these 
reverse osmotic processes maintain. Reducing pressure gradient stops the sugar transport 
away from the leaves and reflects to sugar loading pathway from source cells to phloem and 
also to sugar transport away from the source cells. 
The aim of the study was to analyse the effects of the lowered sink demand both on light and 
dark reactions of photosynthesis and the synthesis of BVOCs in Scots pine (Pinus sylvestris) 
but also to study how disturbance to phloem flow will influence carbohydrate accumulation in 
stem, and the xylem and phloem to xylem flow of sap. We followed 4 45 years old Scots pine 
trees during the summer and girdled two of them in early august just below the living crown. 
Girdling of the stems effectively removes the large sink for photosynthates in the lower stem 
and in roots, yet at the same time to allow the transpiration to continue. This way we can 
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analyse the changes in the functional balance at whole tree level. Furthermore, the experiment 
was conducted on big trees that allows considering the role pool sizes in the carbon balance. 
We followed the changes in the chlorophyll fluorescence, photosynthetic capacity, 
transpiration (sapflow measurements), pigment composition, carbohydrate accumulation, and 
BVOC –production for 10 weeks after girdling both in the current year needles (2005) and in 
two years old needles (2003). The preliminary results both on the fluorescence and the CO2 
assimilation rate show a clear down regulation in the treated trees a month after the girdling. 
A/Ci- curves showed lowered carboxylation efficiency in the treated trees as well as clearly 
lower RuBP regeneration rate. The influence was manifested on current year needles (Figure 
1). PSII was down-regulated in current year’s needles of girdled trees. Furthermore the 
photochemical capacity was reduced in girdled trees after a month compared to control trees 
in both current and two year old needles. This implied limitations in the rate of carbon 
assimilation originated from the dark reactions or from the limitations from the opening of 
stomata after dark period. This limitation was observed in all needle age classes.  
The emissions of the most abundant monoterpenes (α- and β-pinene, ∆3-carene) were higher 
from the girdled tree during the first week after the girdling, being on an average four times 
higher than the corresponding emissions from the control tree. On the contrary, in the last 
measurements performed two weeks and especially six weeks after the girdling, all 
monoterpene emissions were two to five times higher from the control trees than from the 
girdled ones. Emissions of oxygenated C5 and C10-compounds (2-methyl-3-buten-2-ol, 1,8-
cineol, terpinolene, bornyl acetate) were consistently lower from the girdled than from the 
control trees, however.  
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Fig. 1. A/Ci –curve for current year needles of Scots pine. The continuous lines are control trees and 
the dotted lines are girdled trees. 
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Cropland conversions have altered many fertile regions of the earth and have modified the 
biogeochemical and hydrological cycling in these regions.  These croplands are significant 
sources of N trace gas emissions however, the extent of changing trace gas emission due to 
land management changes and irrigation need further analysis.  We use the DAYCENT 
biogeochemical model which is a daily time step version of the CENTURY model.  
DAYCENT simulates fluxes of N2O between croplands and the atmosphere for major crop 
types, and allows for a dynamic representation of GHG fluxes that accounts for environmental 
conditions, soil characteristics, climate, specific crop qualities, and fertilizer and irrigation 
management practices.  DAYCENT is applied to all world cropland regions.  Global datasets 
of weather, soils, native vegetation and cropping fractions were mapped to an approximate 2° 
x 2° resolution. Non-spatial data (such as planting date and fertilizer application rates) were 
assigned as point values for each region (i.e. country), and were assumed to be similar within 
crop types across the region.  Three major crops were simulated (corn, wheat and soybeans) 
under both irrigated and non-irrigated conditions.  Results indicate that N2O emission for 
maize and soy bean increase between 3 to 10%, where as wheat emission decline by about 1% 
when irrigated systems are compared to non-irrigated systems. 

Seasonal and interannual variation in the response of isoprene emission to 
elevated CO2 and drought 
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Isoprene is the most abundant hydrocarbon emitted by many tree species and has a major 
impact on tropospheric chemistry [1]. Although the short-term effects of some environmental 
variables, such as light and temperature, on leaf isoprene emission are well known [2], the 
effects of other environmental variables, such as atmospheric [CO2] and water stress have 
been less studied. In a series of experiments in a cottonwood plantation where trees were 
grown at ambient and elevated atmospheric [CO2] concentrations in isolated mesocosms at 
the Biosphere 2 facility, we investigated the seasonal and interannual variation of the response 
of isoprene emission to water stress. When measured in autumn, both in 2000 and 2002 
isoprene emission showed a similar response to elevated atmospheric [CO2] and water stress. 
Isoprene emission was inhibited in elevated atmospheric [CO2] and it was less responsive to 
drought than photosynthesis. Both mild water stress and high VPD had a stimulating effect on 
isoprene emission both at ecosystem and leaf level scale. However the stimulating effect was 
always stronger in the elevated CO2 treatment with the result of reducing the difference in 
isoprene emission with the ambient CO2 treatment. Isoprene emission started to decline only 
when water stress was severe, probably as a consequence of the depletion of available carbon 
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pools for isoprene production. In the spring of 2003 isoprene emission showed a similar 
inhibition effect of elevated atmospheric [CO2]. However, isoprene emission started to decline 
only after a few days after imposing the water stress treatment, probably as a consequence of 
the different physiological stage of the leaves. Our results indicate that not only seasonality of 
isoprene emission is important in terms of the potential for emitting isoprene, but that the 
physiological stage of the leaves should be taken into account when trying to model isoprene 
emission under elevated atmospheric [CO2] and water stress conditions. 
[1] Monson R.K., Holland E.A., 2001, Ann. Rev. Ecol. Sys., 32, 547-560. 
[2] Harley P.C., Monson R.K., Lerdau M.T., 1999, Oecologia, 118, 109-123. 

Nitrogenous trace gases (N2O and NO) fluxes and N2O isotopic composition 
(δ15N and δ 18O bulk and δ 15N site specific) from non-tillage agricultural 
practice in a tropical corn field at Guarico State, Venezuela.   
Tibisay Pérez (1), Jenie Gil (1), Sorena Marquina (1), Loreto Donoso (1), Susan Trumbore (2), 
Stanley Tyler (2) and Kristie Boering (3) 
(1) Atmospheric Chemistry Lab, Instituto Venezolano de Investigaciones Científicas (IVIC), Aptdo, 
21827 Caracas 1020-A, Venezuela 
(2) Dept. of Earth System Science, University of California, Irvine CA 92697-3100, USA 
(3) Department of Chemistry, Latimer Hall, University of California Berkeley, CA 94720-1460, USA 
tperez@ivic.ve 
Historically, the most common agricultural practice in Northern Guárico, one of Venezuelan 
largest cereal production regions, has been mono cropping, with extensive tillage operations 
that usually causes rapid soil degradation and nitrogen losses.  Alternative production 
systems, such as non-tillage agricultural practices, have been extensively implemented 
during the last few years. However, studies of the nitrogen losses associated with these 
alternative practices are not widely available. This study was conducted at “Fundo Tierra 
Nueva” farm, Guárico State (9º 23´33´´N, 66º 38´ 30´´ W) in a corn field under the non-
tillage agricultural practice, during the growing season June-August 2005. The soils are 
Vertisols (Typic Haplusterts). The area has two well defined precipitation seasons: wet 
(May-October) and dry (November-April). The mean annual precipitation of the area is 
622±97.3 mm (last 5 years). Because the irrigation of the crop depends on precipitation, the 
planting is scheduled during the months of highest precipitation in June-July. We measured 
nitrogenous gas emissions (N2O and NO), concentrations of total nitrogen (NT), NH4

+ and 
NO3

- in soil (0-100 cm) after fertilization to estimate the nitrogen losses. We also measured 
CO2 emissions to evaluate the relationship of microbial respiration to the emissions of 
nitrogenous trace gases. Soils were fertilized with 54 kgN/ha (NPK 12:24:12, nitrogen as 
NH4Cl) and planted simultaneously by a planting machine provided with a furrow opener 
where the fertilizer and seeds are incorporated between 0-10 cm depth. Thirty days later, 
soils were fertilized by broadcast addition of 18 kgN/ha (as ammonium nitrate). Nitrous 
oxide emissions were highly dependant on the water content. Prior to fertilization N2O 
emissions were very low. Right after fertilization the emissions increased by a factor of 5 
compared to pre-fertilization levels and increased to 100 times larger after the first heavy 
rain. NO emissions did not increase as much as N2O emissions after the first fertilization. 
Right after the second fertilization both gases increased their emissions and concentrations at 
different soil depths dramatically. These results suggest that broadcast fertilizer addition with 
ammonium nitrate stimulates the nitrogenous gas emissions due to enhanced nitrification and 
denitrification at the soil surface. The δ15N and δ18O bulk isotopic composition of N2O 
values are highly depleted in agreement with previous work done in a subtropical wheat 
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agricultural field [1]. The site specific δ15N signature values give information about the 
proportion of N2O that is reduced to N2 prior emission to the atmosphere.  
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Soil emissions of NO and N2O were measured continuously at high frequency for more than 
one year at 15 European forest sites as part of the EU-funded project NOFRETETE. The 
locations represent different forest types (coniferous/deciduous) and different nitrogen loads. 
Geographically they range from Finland in the north to Italy in the south and from Hungary in 
the east to Scotland in the west. 
The highest NO emissions were observed from coniferous forests, whereas the lowest NO 
emissions were observed from deciduous forests. The NO emissions from coniferous forests 
were highly correlated with N-deposition. The site with the highest average annual emission 
(82 g NO-N m-2 h-1) was a spruce forest in South-Germany (Höglwald) receiving an annual 
N-deposition of 2.9 g m-2. NO emissions close to the detection limit were observed from a 
pine forest in Finland where the N-deposition was 0.2 g N m-2 y-1. The correlation between 
N2O emission and N-deposition was weaker than for NO. The highest average annual N2O 
emission (20 g N2O-N m-2 h-1) was found in an oak forest in the Mátra mountains (Hungary) 
receiving an annual N-deposition of 1.6 g m-2. 
The difference in N-oxide emissions from soils of coniferous and deciduous forests may 
partly be explained by differences in N-deposition rates and partly by difference in 
characteristics of the litter layer and soil. NO is mainly derived from nitrification whereas 
N2O is mainly derived from denitrication. Soil moisture is lower at coniferous sites (at least 
during spring time) and the litter layer of coniferous forests is thick and well aerated 
favouring nitrification and thus release of NO. Conversely, the higher rates of denitrification 
in deciduous forests due to a compact and moist litter layer lead to N2O production and NO 
consumption in the soil. 
It has been demonstrated in numerous studies that the temporal variation of nitrogen oxides 
emission within a specific site is clearly related to soil moisture and soil temperature. When 
comparing annual emissions on a regional scale, however, factors such as nitrogen deposition 
and forest and soil type become much more important. 
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Figure 1.:  NO emission (ìg N m-2 h-1) as a function of nitrogen deposition (ìg N m-2 y-1). Lines are 
smoothed lines through coniferous and deciduous sites separately. 

 
Figure 2: N2O emission (ìg N m-2 h-1) as a function of nitrogen deposition (g N m-2 y-1). 
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Isoprene fluxes from an artic tundra ecosystem 
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Whole system fluxes of isoprene from a moist acidic tundra ecosystem and leaf level emission 
rates of isoprene and monoterpenes from two important species in that same ecosystem (Salix 
pulchra and Betula nana) were measured during the summer of 2005 to assess the 
contribution of biogenic volatile organic compounds on the chemistry of the Arctic 
atmosphere. The measurements took place in the Imnavait Creek watershed near the Toolik 
Field Station on the north slope of the Brooks Range (69° N, 149° W).  The whole system 
fluxes were measured in conjunction with a project that is determining the net carbon 
exchange of the ecosystem through both atmospheric and hydrological processes (Marc 
Stieglitz, PI). The maximum rate of isoprene flux measured was over 1 mg C m-2 hr-1 with an 
air temperature of 22° C and a PAR level over 2000 µmol m-2 s-1. Leaf level isoprene 
emission rates for S. pulchra reached 20 nmol  m-2 s-1 (38 µg C gdw-1 hr-1 ), which was over 1 
% of the net carbon assimilated. These significant rates of isoprene emission need to be 
further investigated in field studies and will have major impacts of efforts to model 
tropospheric chemistry in the Arctic. 
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Fig 1. Isoprene fluxes measured by eddy covariance technique over a tundra ecosystem. 
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Recent syntheses of earth system science [1] and the global carbon cycle [2] have used the 
concept of vulnerability. One intent of this concept is to identify aspects of global change 
which have important consequences for identified subsystems such as particular ecosystems 
or human societies.  This talk examines the role of land-atmosphere exchanges in studies of 
vulnerability of terrestrial systems, particularly those at biophysical margins which are highly 
sensitive to process thresholds.  The goal is to increase the generic understanding of 
vulnerabilities in these systems, in the context of changes in the whole earth system. The talk 
is organised in three cascading steps, each (except the first) focussed on a selected part of the 
domain of the previous step. 
1. Vulnerabilities in the Earth System:  There are many definitions of vulnerability in an 
earth system context, most of which amount to "the likely harm experienced by a subsystem 
through the action of a hazard, either a perturbation or an external stress".  This definition 
requires identification of three things: (1) the subsystem (this may be physical, ecological, 
social or industrial); (2) the hazard (this may be the result of an external driver or an 
autonomous change into some possible but undesirable part of state space); and (3) the harm 
that may result (this may be local to the subsystem or it may involve transfer between 
subsystems, where drivers and processes acting on one subsystem induce harm in another).  
Quantification of harm requires a measure (eg degradation, loss of function) that may be 
objective in some cases but often must involve an ethical judgement, especially where the 
subsystem involves human welfare.  
2. Vulnerable Carbon Pools:  We now focus on the vulnerability of the carbon-climate 
system (the subsystem) to anomalous release of C into the atmosphere in response to global 
warming (hazard), thus accelerating the warming (harm 1) and causing associated depletion of 
biotic C and nutrients in ecosystems (harm 2).  Gruber et al. [3] used risk assessment to 
estimate the main vulnerable terrestrial and ocean C pools and the likely driving processes.  
The major vulnerable terrestrial C pools are as follows (slightly revising [3]): 

• Terrestrial biomass C:  globally this pool contains 650 PgC (420, 145, 57 PgC in tropical, 
temperate and boreal ecosystems, respectively).  Over the next 100 years, the increased 
sink to this pool (eg from CO2 fertilisation and forest regrowth) may be 50 to 150 PgC, 
with nutrient (mainly N) limitation suggesting a lower rather than higher figure.  There 
will be an offsetting source of order 100 to 200 PgC, driven mainly by deforestation and 
other land use changes, and by changes in fire frequencies.  Overall, the net release of C 
from terrestrial biomass is assessed as −50 to +150 PgC, with the upper part of the range 
being more probable. 

• Terrestrial soil C (excluding wetlands and permafrost):  The global pool is 2300 PgC.  
This is vulnerable to release under climate change through several processes: increased 
soil respiration in response to warming, decreased C and nutrient inputs from reduced net 
primary production of C, increased removal by water and wind transport.  Each has both 
natural and anthropogenic drivers.  Overall, up to 400 PgC of this pool (a quarter of the 
total) is vulnerable over the next 100 years, with moderate (50%) probability. 



96 

• Wetland and peatland soil C:  Globally this pool holds 450 PgC, in both tropical and 
temperate systems, with up to 100 PgC at risk over the next century through draining and 
other land use changes, and with fire being a major oxidation process. 

• Permafrost soil C:  This pool holds 400 PgC, with around 100 PgC or more at risk of 
release over the next century through thawing of permafrost, with moderate to high 
probability.  Some of this C (depending on the oxidation state of the thawing regions) will 
be released as CH4 rather than as CO2, with consequent higher greenhouse warming 
potential (GWP).  The GWP for CH4 over the next 200 years is 10 to 20, relative to the 
CO2 value of 1. 

Overall, 500 to 800 PgC of C in terrestrial pools is vulnerable over 100 years under "centre-
case" predictions of global warming (around 3 deg C).   If (unrealistically) all the C from 
potentially vulnerable land pools was dumped instantaneously into the atmosphere, 
atmospheric [CO2] would increase by 250 to 400 ppm.  In addition to land C, Gruber et al 
estimate that a comparable amount of ocean C (500 to 1000 PgC) is vulnerable over the next 
100 years. 
3. Land-Atmosphere Exchanges and Vulnerability:  All processes involved in the release of 
vulnerable terrestrial C pools are land-atmosphere exchanges.  The last part of the talk focuses 
on a subset of these exchanges, those which are associated with thresholds.  A threshold is 
here taken to mean a substantial, approximately stepwise change in system state induced by 
an incremental change in some external driver.  Examples include: 
• fire – induced when an ignition threshold is crossed; 
• thawing – induced when mean temperatures rise above melting point; 
• vegetation decline – induced when water stress (or other stresses) on vegetation causes net 

primary production to fall below heterotrophic respiration; 
• desertification – induced when land use and climate forcings together cause the system to 

have a stable equilibrium near zero biomass and productivity. 
The talk will provide examples, drawing from both observations and modelling.  
It is concluded that (1) these threshold processes are critical to vulnerability of C pools; (2) 
many of them involve interactions between multiple entities (eg carbon, water, nutrients, 
dust); (3) in general, knowledge of these processes is weak (relative to other, smoother 
processes) and research can be expected to bring significant benefits in understanding. 
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Soils contain more carbon (C) than plants and the atmosphere combined, and therefore even 
small changes in soil C fluxes could greatly accelerate future increases in atmospheric carbon 
dioxide (CO2) concentrations.  Because soil C losses are strongly regulated by temperature 
and moisture, understanding the effects of global climate change on soil C cycling is critical 
to predicting potential feedbacks that could further intensify climatic change.  However, our 
understanding of the effects of climate in regulating soil C losses from tropical forest 
ecosystems is still poor.  Thus, we are conducting a soil translocation experiment along a 
precipitation gradient (ranging from 400 – 1600 mm/year) in Eastern Bolivia to assess how 
changes in precipitation could potentially alter soil C cycling in this C-rich tropical region.  
We translocated soil from 4 sites in a full-factorial, reciprocal design. The reciprocal 
translocation offers a powerful tool for assessing the effects of climate on soil C cycling, 
while at the same time eliminating the potential confounding effects imposed by other site-
specific differences (e.g., soil texture and soil chemistry).  While the project is ongoing and 
we have not observed any significant changes in bulk soil C pools resulting from 
translocation, our preliminary data suggest that predicted changes in precipitation could 
stimulate increased soil C fluxes to the atmosphere. A laboratory incubation experiment 
conducted using soils from the same 4 field sites showed that temperature and soil moisture 
both affected soil CO2 efflux. Results also suggest that the magnitude of this flux will depend 
on site-specific soil characteristics. In particular, soil type and initial C stocks greatly 
influenced both the rate of C loss and the relative importance of temperature and moisture in 
regulating the soil respiration response. Finally, while the primary objective of this NSF-
IGERT-funded research is to increase scientific understanding of global climate change, this 
project also includes an important social component. We are interacting with indigenous 
communities at our study sites and providing equipment for more accurate monitoring of local 
climate.  The goal of this interaction is to advance communication between researchers and 
indigenous communities regarding environmental issues, and to help inform regional climate 
change policy.  

Methane and halomethane fluxes in the northern Alaskan coastal tundra:  
influence of microtopography, soil redox conditions and temperature 
Robert C. Rhew, Yit Arn Teh, Triffid Abel 
Department of Geography, University of California, Berkeley 
rrhew@atmos.berkeley.edu 
Climate change and stratospheric ozone loss are global issues with enhanced manifestations 
over the Arctic latitudes.  The Arctic coastal zone is especially vulnerable to change owing to 
the complex interactions between ecosystems, geomorphology, hydrology, geochemistry, and 
climate.  Arctic terrestrial ecosystems are undergoing climatic warming, leading to positive 
feedbacks with emissions of radiatively active greenhouse gases such as CO2 and CH4 [1-3]. 
In addition, Arctic warming will affect the biogeochemical cycling of ozone-destroying 
compounds, leading to a complex feedback with ozone loss over the arctic.  Four such 
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compounds that are known to have active land-atmosphere exchange are the methyl halides 
(CH3Br, CH3Cl, and CH3I) and chloroform (CHCl3).   
Tundra fluxes of methane, the methyl halides, and chloroform were measured near Barrow, 
Alaska (71° N, 157° W) during the 2005 growing season.  Two-component flux chambers 
(195 L) were deployed at 20 sites in the coastal tundra, covering a range of microtopographic 
features: drained lake basins, channels, and high- and low-center ice-wedge polygons [4].  
While all sites emitted CH4, CH3I, and CHCl3, most sites also acted as sinks for CH3Br and 
CH3Cl. The magnitude of CH4 emissions is strongly linked to the microtopography and can 
be used as a proxy for soil column redox conditions.  We find that the more aerobic the 
conditions, the lower the CH4 emission rates and the higher the CH3Br and CH3Cl uptake 
rates.  The correlation between methane and methyl halide fluxes in the Arctic tundra may be 
related to the degree of oxidation of these compounds in the aerobic peat layer overlying 
waterlogged soils.  CHCl3 and CH3I emissions, on the other hand, appear to be more 
influenced by temperature than microtopography.   
These flux measurements yield several surprising results: 1) while tropical and temperate 
coastal ecosystems are major sources of CH3Br and CH3Cl, the Arctic coastal tundra appears 
to be a large sink for these compounds; 2) CHCl3 emissions from the tundra were large, 
despite the cold temperatures and shallow permafrost, suggesting that the tundra at lower 
latitudes may be an even larger source; 3) CH3Br and CH3Cl uptake rates are highly 
correlated, with a ratio of uptake rates that is similar to that observed in temperate shrublands 
[5] and boreal forest soils [6], suggesting that the microbial uptake mechanism of methyl 
halides is similar between these diverse ecosystems.   
Tundra-atmosphere gas exchange of these compounds may influence the seasonality of their 
background concentrations at high latitudes of the Northern Hemisphere.  If the high latitude 
Arctic tundra continues to experience warming, an important consequence will be how the 
distribution of microtopographic features changes.  This will have implications on whether 
the tundra becomes a larger source or sink for these radiatively and chemically active 
compounds.   
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In tropical regions convective clouds produce abundant rainfalls which are the main sink of 
water-soluble gases and aerosols emitted into the atmosphere through wet deposition 
processes. Wet deposition plays an essential role in controlling the biogeochemical cycles of 
carbon and nitrogen and as a source of nutrients to ecosystems. In the tropics, the intense 
land-use changes followed by rapid urbanization, associated with a large industrial expansion 
are possibly altering the atmospheric chemistry. Indeed, the acidification of precipitation and 
subsequent high N deposition rates has been taken place in disturbed regions in Brazil In the 
LBA experiment (Large Scale Biosphere Atmosphere Experiment in Amazônia), rainwater 
chemistry composition has been studied in two different sites in Amazon Basin (Rondônia, 
Balbina and Santarém), with different degrees of anthropogenic activities. Rondônia site is 
located in the western part of Amazônia, and is a heavily disturbed site with significant land-
use changes, Balbina is located in Central Amazônia, about 150 Km North of Manaus and 
represents a remote area.  
For the sampling sites H+ was the most abundant ion. However, the sequence of the other 
most abundant ions was not the same for the sites, indicating that there are differences in the 
composition of the rainwater in these sites. In fact, due to the anthropogenic activities, N 
deposition was significantly higher in Rondônia while DOC deposition was significantly 
lower in this site. By the other hand, in Balbina the VWM concentration of organic acids was 
significantly higher than the other sites, which is probably associated with biogenic emissions. 
Land cover and land-use changes are probably responsible for the spatial variability found in 
precipitation chemistry. As a consequence of the anthropogenic activities significant rainfall 
acidity was detected (VWM pH = 4.5). The origin of the free acidity in rainwater is different 
in each site and come out to be linked to the land cover. Organic acids appear to control the 
acidity in remote areas while in other sites inorganic acidity has been detected. According to 
the Factor and Cluster Analyses, the composition of rainwater in the disturbed sites appears to 
be controlled mostly by two sources: biomass burning and industrial emissions, and in the 
remote areas by biogenic emissions and marine influence. If the anthropogenic activities 
continues to accelerate at the present rate, in a few years, significant regional biogeochemical 
cycles changes can be expected and, also alterations in the regional climate with possible 
global impacts.  
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Boreal forest is the largest forested vegetation zone in the world and produces biogenic 
volatile organic compounds (BVOCs) that affect atmospheric chemistry and climate in several 
ways. We have conducted on-line measurements of atmospheric VOC concentrations at a 
European boreal zone by a proton transfer reaction mass spectrometer (PTR-MS) at SMEAR 
II station (1, 2) in Hyytiälä, south-western Finland in 2004 and 2005. The forest around the 
station is dominated by Scots pine. Several measurements on forest-atmosphere interactions 
are conducted around the year, including extensive meteorological measurements, profile 
measurements of CO2, O3, NOx (1) and gas exchange measurements between the atmosphere 
and plants or soil with automated chambers (2). Our on-line measurements of BVOCs include 
determining of emissions from Scotts pine (Pinus sylvestris) during fall 2004 and spring 2005, 
as well as emissions from silver birch (Betula pendula) during fall 2005 using enclosure 
techniques; within and above canopy profiles during summer 2004 and more detailed in-
canopy profiles during summer 2005; fluxes of several compounds with eddy covariance 
method; and ambient air concentrations of several compounds during 2004-2005.  
Monoterpene emissions from Scots pine, determined during fall 2004 using enclosure 
technique, exhibited diurnal pattern with maxima in the afternoons and minima during 
nighttime (3). The VOC concentrations in ambient air, which were measured in and above 
canopy during summer 2004, showed strong diurnal variation (Fig. 1) which depends on 
diurnal pattern of emissions, chemistry and turbulent mixing in the boundary layer. 
Compounds contributing to masses of e.g. M33 (methanol) and M59 (acetone) had high 
diurnal variation with maximum values in the afternoon whereas, concentration of M81 
(monoterpene fraction) had maxima during the night (4). The observed vertical concentration 
profile of some VOCs with higher concentrations near the ground indicates within-canopy 
sources of these compounds. The effect of the forest and ground vegetation on these local 
BVOC concentrations will be described by more detailed profile measurements trough the 
canopy.  
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PTR-MS measurements of atmospheric concentrations of volatile organic compounds in an 
European boreal forest ecosystem. Boreal Env. Res.  
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Fig. 1. Vertical profiles of M33 (methanol), M59 (acetone) and M81 (monoterpene fragment), together 
with meteorological parameters, air temperature at 17 meters, photosynthetical photon flux density 
(PPFD) and turbulent mixing time-scale for measurement height of 23 m (τu*=zm/u*).  

Changes to the biogenic emissions enventory system version3 (BEIS3) 
Donna Schwede, George Pouliot, and Thomas Pierce 
NOAA/Atmospheric Sciences Modeling Division*, RTP, North Carolina, USA 
*In partnership with the National Exposure Research Laboratory, USEPA. 
schwede.donna@epa.gov 
This poster will describe work to modify the Biogenic Emissions Inventory System Version 3 
(BEIS3).  Updates have been made to the standardized emissions factors for isoprene for 
spruce and for monoterpenes for Douglas fir and hemlock.  The parameterization used to 
adjust the standardized emission factors for the effects of photosynthetically active radiation 
(PAR) on emissions have been updated based on Guenther et al. (1999)1.  Temporal 
corrections for isoprene emissions from deciduous tree species that account for “green-up” 
and senescence periods have been included.  A correction function that considers 8-hour 
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average temperature and 4-hour average PAR has been added for all tree species.  
Comparisons of biogenic emissions from BEIS3.12 with the revised version (BEIS3.2) will be 
presented as well as results from the Community Multiscale Air Quality model (CMAQ) 
using both sets of emissions as input. 
[1] A. Guenther, B. Baugh, G. Brasseur, J. Greenberg, P. Harley, L. Klinger, D. Serça, and L. 

Vierling, 1999, J. Geophys. Res., 104(D23), 30,625–30,640. 
Disclaimer: The research presented here was performed under the Memorandum of 
Understanding between the U.S. Environmental Protection Agency (EPA) and the U.S. 
Department of Commerce’s National Oceanic and Atmospheric Administration (NOAA) and 
under agreement number DW13921548.  This work constitutes a contribution to the NOAA 
Air Quality Program.  Although it has been reviewed by EPA and NOAA and approved for 
publication, it does not necessarily reflect their policies or views. 

Water-soluble organic nitrogen and water-soluble organic carbon in 
precipitation and fine particles over a suburban area 
Elvagris Segovia, NaokiYoshida, Kazuhiko Sakamoto, Kazuhiko Sekiguchi and Quing Yue Wang 
Department of Environmental Science and Human Engineering, Graduate School of Sciences and 
Engineering, Saitama University, Japan 
sakakazu@env.gse.saitama-u.ac.jp 
Investigations of atmospheric nitrogen have been focused on inorganic forms of nitrogen 
contained in rainwater and aerosols (nitrite, nitrate, and ammonium). Although recent 
investigations have shown the ubiquity of organic nitrogen in precipitation and aerosols, their 
role and contribution in the nitrogen budget and deposition is still unclear. Additionally, 
organic nitrogen compounds may contribute to a significant part of atmospheric water-soluble 
organic carbon (WSOC) and therefore enhance their influence on aerosol properties, such as 
radiative force and cloud activation 1, 2. In this context, this manuscript presents 
concentrations of water-soluble organic nitrogen (WSON) and WSOC contained in 
precipitation and fine particles (PM2.5) collected in a suburban section of the Metropolitan 
Area of Kanto. In addition, contributions of WSON and WSOC in PM2.5 from an urban sector 
of Tokyo are present. 
Precipitation samples were collected using a bucket type automated wet and dry deposition 
sampler (DRS-154) from June to October 2004 at Saitama City located at northwest Tokyo. 
Samples were collected on events basis with a clean polyethylene bottle assembled on the 
sampler within one hour before rain event and recovered within one hour after the termination 
of it. After collection, samples were split into 5 aliquots and stored frozen until analysis (-40 
°C). 
PM2.5 samples were collected at Meguro (Tokyo) and Saitama City during August 2004 using 
a Partisol-FRM sampler. PM2.5 samples were collected on quartz filters for a 12 h sampling 
periods, (Day: 06:00 h~18:00 h and Night: 18:00 h~06:00 h). After sampling, PM2.5 samples 
were kept at ~-40 °C until analysis. Prior to analysis, samples were extracted by 
ultrasonication during 20 minutes at ~4 °C and followed by filtration.  
Ammonium (NH4

+), nitrite (NO2
-) and nitrate (NO3

-) were analyzed by a Dionex 100 Ion 
chromatograph equipped with a conductivity detector. Water-soluble total nitrogen (Total N) 
and WSOC were analyzed using a TOC-VCPH – TNM-1 analyzer based on 
chemiluminescence detection. 
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WSON concentrations in each rainwater and PM2.5 samples were determined as the difference 
between concentration of Total N and concentration of inorganic nitrogen, which represents 
the sum of NH4

+, NO2
- and NO3

- concentrations. 
WSON and WSOC were present in both, rainwater and PM2.5 samples. Volume weight 
average (VWA) of WSON concentrations in precipitation ranged from 7.6 to 19.4 µM N 
which accounted for 20 to 36% of Total N (Fig. 1). NH4

+ was the major component of Total 
N contributing with 38-65%. The smaller contribution of WSON to Total N was observed on 
July, while the largest contribution was on October. WSOC concentrations were generally 
higher than Total N concentration throughout July to October (mean concentration 72.5 µM 
and 53.7 µM N respectively). WSON and WSOC concentrations were positively correlated 
with NO3

- (r = 0.92, 0.93, n= 16), NH4
+ (r = 0.88, 0.72, n= 16) and Total N (r = 0.98, 0.87, n= 

16). 
Concentrations of WSOC, WSON, Inorganic N and Total N in PM2.5 in Saitama were higher 
than those in Meguro. In general, concentrations increased during the last two days of 
sampling (Fig. 2). WSON concentrations 
contributed between 18 and 69% to Total N 
in Saitama (mean concentration 0.57 µg N m-3 
air) and between 3 and 45% in Meguro (mean 
concentration 0.27 µg N m-3 air). WSOC 
concentrations ranged from 0.87 and 4.25 µg 
m-3 air in Saitama and from 0.11 to 5.25 µg 
m-3 air in Meguro. WSOC was positive 
correlated with WSON in Meguro (r = 0.97). 
The results showed that WSON and WSOC 
are an important component in precipitation. 
Levels of both, WSON and WSOC in 
aerosols were higher for the suburban than for 
the urban site, suggesting that local sources or 
photochemistry may influence the levels 
observed in the suburban site. 

Fig 2. Atmospheric concentrations of WSON, Inorganic N, Total N and WSOC in PM2.5 collected at 
Saitama (suburban area) and Meguro (urban area) during August 2004. (*) indicates negatives values 
of WSON 

References 
[1] S. Cornell et al., 2001, J. Geophys. Res., 106, 7973-7983. 
[2] Q. Zhang et al., 2002, J. Geophys. Res., 107(D11), 10.1029/2001JD000870 

Fig 1. Monthly VWA concentrations of 
inorganic ions, WSON, WSOC, and Total N 
in precipitation collected from July to 
October 2004. The total bar height 
indicates the concentration of Total N). 

* * * * * * ** * 
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Canopy uptake of atmospheric nitrogen at subalpine forests: enhanced 
photochem efficiency and relations to NEE(CO2) 
Herman Sievering (1,2), Timothy Tomaszewski (2), Michael Kline (1), Richard Boyce (3)  
(1) Geography & Environmental Science Dept. and Physics Dept., Univ. of Colorado, Denver,  
CB 172, PO 173364, Denver, CO 80217   
(2) Niwot Long-Term Ecological Res. Prog., INSTAAR, Univ. of Colorado, Boulder, CO 
(3) Dept. of Biological Sciences, Northern Kentucky Univ., Highland Heights, KY  
hsieveri@carbon.cudenver.edu 

Global carbon cycle modeling of the contribution that anthropogenic nitrogen (N) deposition 
makes to forest carbon sequestration generally assume atmospheric N deposition causes a 
sequestration enhancement proportional to the forest’s C/N ratio.  Yet N deposition may 
contribute to a wide range of ecosystem N cycling processes, especially at forests.  
Mechanisms that explain the influence of N deposition on photosynthesis, NEE, and/or 
carbon sequestration are lacking.   
Growing season N-cycle studies at a Rocky Mountain (Niwot) subalpine conifer forest (in 
many ways analogous to Boreal forests) have been ongoing since 1999 (Tomaszewski and 
Sievering, 2003).  Atmospheric wet plus dry deposition of, largely, anthropogenic N (at this 
site) supplies nearly half as much N as does soil/root derived N to the N demand by foliar new 
growth.  Canopy retention of deposited N is high (>80%).  Atmospheric N deposition is, on a 
decadal time scale, the only significant source of new, available N at this (growth) N-limited 
forest.   
Growing season field studies in 2004 and 2005 at this Niwot conifer forest within the 
footprint of an AmeriFlux tower site used fluorometry (chlorophyll fluorescence) along with 
gas exchange (IRGA) data in an attempt to identify a mechanism by which canopy uptake of 
atmospheric (mainly anthropogenic) N deposition may influence photosynthesis and net 
ecosystem exchange (NEE).  Highly significant correlation (p = 0.006) of daytime NEE 
versus canopy N uptake (CNU, given by wet plus dry N deposition minus throughfall N) for 

the majority of one growing season at the site 

had indicated such a linkage.   
 
N-treated and control spruce branches (the dominant specie) had mean precip. ion matrix 
conc. water spray applied (simulating wet deposition) across the first 2/3rds of the 6-month 
growing season.  Photochem efficiency, as observed by the fluorometer, was markedly 
enhanced in N-treated branches under high light conditions (see the left figure on 1st pg.) with 
a concomitant reduction in foliar photo-damage and in PAR-induced foliar heat dissipation.  
Daytime NEE was found to be linearly related to CNU (see the right figure on 1st pg.) such 
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that, after light, it explained the 2nd largest NEE variability (p<0.01, r2 = 0.22) in a multiple 
regression model considering nearly 20 potential explanatory variables, including water 
availability.  
Fluorometry provides PSII (site where water is split into molecular oxygen, electrons and 
protons) photochem efficiency (ψ) data.  In the left figure above, daytime ψ values are 
compared with maximum ψ values (the latter obtained pre-dawn when chlorophyll has fully 
relaxed) on a per branch basis.  Percent depression of ψ values, from 0% depression predawn, 
across the 2004 growing season are shown for the N-treated branches and for control 
branches.  The addition of N in simulated CNU reduced daytime depression in ψ substantially 
throughout the growing season; i.e., higher PSII photochem efficiency was found for N-
treated branches.  This resulted from a total of 14 simulated wet deposition events, spaced 
about 6 days apart, during the first 2/3rds (approx.) of the time period shown in the left figure.  
Note that higher ψ values, a growing season mean 25% higher, were found to prevail 
consistently for N-treated branches across the 4-month measurement period.  Further, no 
cumulative influence was found.  Rather, a short-term response in ψ was seen, keeping 
daytime ψ values consistently higher.    
These, and other fluorometry data to be presented, lead to the following argument: 
Canopy N uptake (CNU) by conifer forest foliage may rapidly (several hours to a few days) 
enhance the photosynthetic apparatus of needles so that more PAR may be utilized for 
photosynthesis, and, perhaps, NEE as well as (ultimately) carbon sequestration.  As a 
consequence, high light periods cause less foliar photodamage and also less PAR to be 
dissipated as heat from the foliage.  IRGA data support this argument since Vcmax for N-
treated branches was 15% greater than control branch Vcmax (p<0.05).   
Based on the combined flourometry, IRGA, and NEE vs. CNU results to date, a strong case is 
made for conifer canopy uptake of atmospheric N deposition contributing to enhanced NEE.  
Further, the fluorometry data argue for the mechanism by which this may occur being 
increased foliar photosynthetic apparatus and light utilization (high ψ).  This, especially under 
high light conditions when, otherwise, foliar photo-damage and excess light dissipation as 
heat would be more active.  Ongoing field studies are attempting to quantify these linkages 
between atmospheric N deposition, CNU, ψ, NEE, and (ultimately) carbon sequestration.   

Reference: 
T. Tomaszewski and H. Sievering, 2003, Can. J. Forestry Res., 33, 2221-2227. 
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Land-atmosphere exchange of nitrogen in Europe: current advances and 
new challenges 
Mark A. Sutton (1) ,  Eiko Nemitz (1), Claus Beier (2),  Klaus Butterbach-Bahl (3), Pierre Cellier (4), 
Wim de Vries (5), Jan Willem Erisman (6) and Francesca Cotrufo (7) 
Including members of the Scientific Steering Committee of the NitroEurope Integrated Project.  
(1) NERC Centre for Ecology and Hydrology (CEH), Edinburgh Research Station, Bush Estate 
Penicuik, Midlothian, EH26 0QB, Scotland, UK.   
(2) Risoe National Laboratory (RISOE), Denmark. 
(3) Forschungszentrum Karlsruhe, Institute for Meteorology and Climate (IMK-IFU), Garmisch-
Partenkirchen, Germany. 
(4) Institut National de la Recherche Agronomique (INRA), Thiverval-Grignon, France. 
(5) Alterra Green World Research (ALTERRA), Wageningen, The Netherlands. 
(6) Energy research Centre of the Netherlands (ECN), Petten, The Netherlands. 
(7) Seconda Universita di Napoli (SUN), Naples, Italy. 
ms@ceh.ac.uk or neu@ceh.ac.uk 
Several major European Union funded research projects over recent years have addressed the 
biosphere atmosphere exchange of nitrogen. These have included: 

• GRAMINAE (GRassland AMmonia INteractions Across Europe),  
• NOFRETETE (Nitrogen oxides emissions from European forest ecosystems), 
• GREENGRASS (Sources and Sinks of Greenhouse Gases from managed European 

Grasslands and Mitigation Strategies, and  
• VULCAN (Vulnerability of shrubland ecosystems in Europe under climatic changes). 

These projects and related activities have made substantial advances in our detailed 
understanding of nitrogen exchange and its interactions with terrestrial ecosystems.  They 
have also recognized that the overall nitrogen cycle is extremely complex, so that a focused 
approach on different key questions has been needed.  The consequence has been that 
different nitrogen-science communities have developed, with limited exchange of information 
between them. Hence research on the biosphere atmosphere exchange and the associated 
chemical interactions of ammonia, nitric acid and aerosol has been conducted separately from 
that on fluxes of nitric oxide, nitrogen dioxide and ozone, and again from that on wet 
deposition and atmospheric exchange of organic nitrogen.  Finally, research on carbon-
nitrogen interactions has to a large extent continued independently, focusing on either the 
quantification of net greenhouse gas exchange (NGE), CO2, N2O and CH4, or on ecosystem 
responses to perturbation of C-N cycles. 
While it is important to highlight the achievements of this focused research activity, this 
separation between the different N-science themes has limited the integrated understanding of 
N and its consequences.  A new EU-funded Integrated Project (currently under negotiation to 
start in February 2006), provides a key opportunity for European researchers to begin to 
develop a more integrated approach.  The NitroEurope IP – or NEU for short – addresses the 
questions:  

• What is the effect of reactive nitrogen supply on the direction and magnitude of net 
greenhouse gas budgets for Europe? 

• To what extent would a more-integrated management of the N-cycle and its 
interactions with the C-cycle have potential to reduce greenhouse gas and Nr 
emissions simultaneously? 

Hence, while the prime focus of NEU is the impact of nitrogen on NGE, the IP necessarily 
looks at the links with all forms of reactive nitrogen (Nr) and its exchanges with N2 in order to 
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develop a more coherent understanding of the nitrogen cycle and the consequences of its 
perturbation.  
The question of the impact of N on NGE illustrates the complexity of Nr interactions: N 
increases some radiatively active compounds and decreases others (Table 1), with the 
responses for each also depending on local ecosystem, climate and soil types. While much 
carbon research seems to highlight the benefits of N for carbon uptake by plants, the actual 
effect of N on regional NGE (the result that actually matters) is at present unknown. 
Table 1: Possible impact of additional N on net greenhouse gas exchange (NGE).  Positive NGE 
relates to net emission of greenhouse gases in CO2 equivalents.  
N tends to increase NGE (bad) Unclear or variable effect N tends to reduce NGE (good) 
N2O (including NH3 and NO3

- 
leaching as 2’ sources) 

CH4 emission from ruminants CO2 uptake by plants 

CH4 emission from wetlands, 
reduced soil oxidation  

CO2 emission from decomp-
osition of soil organic matter 

NH4
+ aerosol from NH3 

emissions 
 
NitroEurope will address these questions through a series of six linked major components, 
which will also feed into the LEARN activity of iLEAPS: 
1) NEU Flux Network will establish a 3-tier European Nitrogen Flux Observing System: a) 
13 “Flux Super Sites” for quantification of N budgets, advanced flux measurements and 
interactions with plant and soil processes, b) 8 “Regional Sites” for establishing the basis for 
eventual long-term monitoring of nitrogen fluxes at low cost, c) 50 “Inferential Sites” to 
provide data on Nr concentrations and inputs to the main sites of the CarboEurope IP network, 
allowing the relation between N supply and CO2 fluxes to be investigated. 
2) NEU Manipulation Network brings together a European critical mass of existing 
manipulation experiments for forest, shrubland/wetland, grassland and arable land. NEU will 
add key measurements to allow the examination of the effects on Nr and NGE of: climate 
change, N supply, CO2 enrichment, land use change and land management change. 
3) NEU Plot-scale modelling will utilize data from the experimental components to refine 
and test dynamic ecosystem C-N cycling and N deposition models, to test the process and 
manipulation interactions, as well as to provide models for subsequent upscaling. 
4) NEU Landscape Analysis will inventory 6 European landscapes (~25 km2) at a field, 
farm and catchment scale, allowing development of an integrated approach (“Nitroscape”) to 
N flux modelling that addresses the local spatial interactions for: a) field, b) farm, c) source-
sink areas, d) water dispersion and e) local atmospheric dispersion.  
5) NEU European Integration will develop the spatial European databases and an integrated 
model of NGE and Nr fluxes at the European scale (“Integrator”), which will be compared 
with upscaled ecosystem models and applied to future scenarios. 
6) NEU Verification will compare the European models with independent measurement 
estimates, including the application of European inverse dispersion models for N2O and CH4, 
address uncertainties and make recommendations to intergovernmental reporting processes. 
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The influence of simulated wet nitrogen deposition on chlorophyll 
fluorescence and gas exchange at a Colorado subalpine spruce canopy 
Timothy Tomaszewski (1,2), Herman Sievering (2,3), and Mike Kline (3) 
(1) Department of Environmental Studies, University of Colorado-Boulder, CO, U.S.A. 
(2) Long-term Ecological Research Program, INSTAAR, University of Colorado-Boulder, CO, U.S.A. 
(3) Geography & Environmental Science Dept. and Physics Dept., Univ. of Colorado, Denver, CO, 
U.S.A. 
During the 2004 and 2005 growing seasons, spruce foliage was sprayed with NH4

+NO3
- and 

control (No nitrogen) solutions to investigate the effect of canopy nitrogen (N) uptake on 
chlorophyll fluorescence and gas exchange.  N-treated branches received NH4

+NO3
- (10 mg-

N/L) in an ion-matrix solution that is representative of mean precipitation ion concentrations.  
Control branches received only the ion-matrix solution (No N), while background branches 
received no solutions other than natural precipitation. The N treatment enhanced 
photochemical efficiency of old growth shoots (>= 1 year).  N-treated shoots’ Fv/Fm and 
Fv’/Fm’ were 3% and 11% greater than control and background shoots (p < 0.05), 
respectively. Throughout most of the growing season old growth Fv/Fm was below the 
maximum observed field value of 0.83, indicating that sustained photoinhibition is common 
in this subalpine environment.  On average, treatment with N prevented 25% of the 
photoinhibition that would have otherwise occurred.  Accompanying the increase in 
photochemical efficiency was enhanced Rubisco activity with the N-treated old growth shoots 
Vcmax being 14% greater than the control and background shoots Vcmax (p<0.05).    Gas 
exchange and fluorescence analysis of new growth shoots revealed similar trends, although 
the results were not significant (p > 0.05). Two explanations for the observed results are 
presented.  Both explanations support enhanced photosynthesis and aboveground carbon 
sequestration; however, the long-term effect of N treatment (> 1 growing season) and the 
impact on dark respiration have yet to be measured.  These issues, and others, are being 
addressed in our continuing Long-Term Ecological Research (LTER) studies. 

Surface-atmosphere exchange of water-soluble reactive nitrogen 
compounds: comparison and reanalysis of field experiments for low 
vegetation 
Ivonne Trebs (1) , Ralph Dlugi (2), Gerhard Kramm (3), Meinrat O. Andreae (1), and 
Franz X. Meixner (1) 
(1) Max Planck Institute for Chemistry, Biogeochemistry Department, P.O. Box 3060, D-55020 
Mainz, Germany 
(2) AAP, Gernotstrasse 11, D-80804 Munich, Germany 
(3) University of Alaska Fairbanks, Geophysical Institute, P.O. Box 757320, Fairbanks, AK 99775-
7320, U.S.A. 
ivonne@mpch-mainz.mpg.de 
For about 20 years a large number of intensive field studies and long term measurements were 
performed to determine the surface-atmosphere exchange (deposition and emission) of 
reactive and non-reactive trace gases and particles. Although a comprehensive data set is 
available for surface-atmosphere exchange fluxes and transfer velocities, there is still 
considerable scatter in the data especially for water-soluble reactive nitrogen (N) compounds 
like HNO2, HNO3, NH3 and NH4NO3. This paper presents a comparison and reanalysis of 
selected field measurements from the temperate latitudes (Europe) and the tropics (Brazil) 
that were performed within the framework of e.g., EUROTRAC, BEMA, SANA, ECHO, 
SALSA, LBA-EUSTACH and LBA-SMOCC. Emphasis will be given to co-deposition 
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processes of reactive compounds as well as on time scales of chemical reactions and turbulent 
transport. Results obtained using different micrometeorological techniques (Eddy Covariance, 
Profile, Relaxed Eddy Accumulation, modified Bowen Ratio, Inferential method) will be 
presented and compared. Additionally, measured fluxes will be compared to modelled fluxes 
that are calculated based on the flux-gradient relationships in the turbulent region of the 
atmospheric surface layer. The possible influence of measurement methods on N exchange 
fluxes, but also on N budgets of ecosystems with low vegetation are discussed in detail. 
Finally, we derive relationships between fluxes of water-soluble reactive N species and 
physico-chemical and hydrological properties of the plant-soil system. 

Controls over the uptake of ozone at a high-elevation subalpine forest 
Andrew A. Turnipseed(1) ,  Sean P. Burns(2), Alex Guenther(1), Russell K. Monson(2)  
(1) Atmospheric Chemistry Division, National Center for Atmospheric Research, Boulder Colorado, 
USA  80305 
(2) Dept. of Environmental, Population and Organismic Biology, University of Colorado, Boulder, 
Boulder, Colorado, USA  80309 
turnip@ucar.edu 
It has been well documented that the eastern flanks of the Rocky Mountains in Colorado are 
subjected to frequent pollution episodes due to the occurrence of upslope mountain-valley 
winds bringing air from the urban areas along the Colorado Front Range [1].  Elevated ozone 
concentrations have been observed in high elevation forests during these upslope events [1,2]; 
however, there have been few direct studies on the interaction of these elevated ozone plumes 
with the biosphere to understand possible impacts in these ecosystems.  The Niwot Ridge 
AmeriFlux site lies within a conifer forest at 3000 m elevation and experiences these 
summertime upslope conditions approximately 1/3 of the afternoons.  Eddy covariance fluxes 
of ozone were measured at this site over a period of 4 growing seasons to ascertain the 
dynamics of ozone deposition at this site.  The complementary suite of meteorological and 
flux data available the Niwot Ridge site were used in conjunction with the ozone fluxes to 
understand environmental controls over both the stomatal and nonstomatal components of 
ozone uptake and how they vary over daily to annual time scales.  Results indicate a large 
degree of stomatal control over ozone uptake at this site. How the key factors regulating 
stomatal conductance vary within the mountain-valley wind system at Niwot Ridge appears to 
play a critical role in assessing potential long-term ozone stress to these forest ecosystems.  

References 
[1] D.D. Parrish et al., 1990, J. Geophys. Res. 95, 1817-1836. 
[2] F.C. Fehsenfeld, et al., 1983, J. of Atmos. Chem., 1, 87-105. 

Estimate of global carbon emissions to the atmosphere from lightning and 
human induced fires 
Sergey Venevsky 
Hadley Centre for Climate Prediction and Research, Met Office, Fitzroy Road, Exeter, EX5 2SN, UK 
Tel: +44 (0)1392 886877    Fax: +44 (0)1392 88568 
sergey.venevsky@metoffice.gov.uk 
The new global fire model SEVER-FIRE is designed from the Reg-FIRM (1) fire model, 
initially applied for the Iberian Peninsula. SEVER-FIRE is a mechanistic model which 
calculates number of human-induced and lightning fires as well as area burnt and carbon 
emissions for both cases. It operates at a daily time step and uses climate data (daily 
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minimum/maximum temperature, daily precipitation/convective precipitation and daily short-
wave radiation) as an input. The model works in interactive mode with a dynamic global 
vegetation model (DGVM), which provides fuel content and moisture and receives back 
amount of biomass burnt. This interactive calculation allows estimates not only heterotrophic 
respiration and net primary productivity, but also carbon emissions from lightning and human 
induced fires, new components of exchange between land and the atmosphere. 
SEVER-FIRE was incorporated into a DGVM and run for the period 1956-2002. NCEP re-
analysis climate data interpolated to 0.5°x0.5° spatial resolution was used as an input of the 
fire-vegetation model. The model yielded following results:    

• Human fires emissions exceed lightning ones with ratio 2 to 1 (see Figure 1). 
Lightning fires emissions, however, play significant role despite of a realtively small 
number of such fires (5% from total global number of fires). 

• Human fires emissions have increasing trend during last twenty years. Lightning fire 
emissions do not show such a trend (see Figure 1). 

• During El Niño event 1997-1998 human induced fire emissions significantly 
increased, while lightning induced fire emissions varied as usually(see Figure 1). 

• The emission anomaly during  El Niño event for human fires are highest in tropics: 
North Eastern Brazil, Southern Africa, South East Asia, but also is high in North 
Eastern Siberia and Central Canada 

• The anomaly for lightning fires is dispersed equally, with exception of peaks in 
Jakutia (North Eastern Siberia), Candian Rockies and Papua New Guinea 

 
Fig 1. Global carbon emissions from lightning and human induced fires for the period 1980-2000. 

References  
[1] S.Venevsky et al., 2002, Gl. Ch. Biol., 8, 984-998. 
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On the daytime and nighttime chemical formation of HNO3 and NO3
- in the 

Eastern Mediterranean region 
Vrekoussis Mihalis (1), Liakakou Helen (1), Mihalopoulos Nikos (1), Crutzen Paul.J (2), Lelieveld Jos 
(2), and Kanakidou Maria (1) 
(1) Environmental Chemical Processes Laboratory – Department of Chemistry University     of  Crete 
– P.O. Box 1470, 71409 Heraklion Greece. 
(2)  Max-Planck-Institut für Chemie - Abt. Luftchemie, Mainz, Germany. 
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This work investigates the relative importance of nighttime and daytime chemistry and 
particularly of the nitrate (NO3.) and hydroxyl (OH) radicals in the formation of the nitric acid 
(HNO3) and particulate nitrate (NO3

-) that are essential nutrients. For the better understanding 
of atmospheric-land interaction both measurement and modelling studies were performed. 
 Specifically, nitrate radical measurements were conducted by a long path (10km) differential 
optical absorption spectroscopic instrument (DOAS) for more than two years. NO3 is believed 
to play a key role (Heinz et al, 1996; Geyer et al, 2001; Vrekoussis et al, 2004; Brown et al, 
2004) in the nighttime chemical formation of HNO3 plus NO3 particulate which under certain 
circumstances can be more important than the day time one. In brief, NO3 is capable to form 
HNO3 either directly via oxidation of volatile organic compounds (Atkinson, 1991) or 
indirectly via the NOx removal mechanisms and the hydrolysis of the nitrogen peroxide 
(N2O5) on aerosol and/or cloud surfaces.  
 In order to qualify and quantify the daytime contribution of the OH radicals in the nitric acid 
formation through the NO2 + OH reaction, two steps were followed: Firstly, OH radical 
observations conducted during summer 2001 (Berresheim et al, 2002) were successfully 
reproduced by a 0-D model (Vrekoussis et al, 2004) based on a number of auxiliary 
measurements such as ozone (O3) and its rate of photodissociation (J(O1D)), nitrogen oxides 
and a number of supplementary compounds and meteorological factors. The significant 
correlation between the observational and the simulated OH values provided confidence on 
the hydroxyl radicals levels near ground on an annual basis.  
Our box model simulations indicate that nighttime production of HNO3 (gas) and NO3

- 
(particulate) by NO3 radical chemistry accounts for about 50% to 65% of the total production 
rate depending on the season while the rest is by OH reaction with NO2 during day time. 
Focusing on nighttime it was found that a significant part of HNO3 and NO3

- night time 
formation (up to 40%) results from the reaction of NO3 radicals with dimethylsulfide (DMS) 
which is an important marine VOC. This shows that important interactions between biogenic 
compounds and pollution species (like NO3 radicals) lead to nutrient production.  
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Ponderosa pine forest volatiles: analysis by proton-transfer ion trap mass 
spectrometry (PIT-MS) 
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Proton-transfer-reaction mass spectrometry (PTR-MS) has become a standard tool for 
measurements of biogenic and anthropogenic volatile organic compounds (VOCs) in ambient 
air.  During a field campaign in a ponderosa pine forest (Blodgett Forest Research Station) in 
July of 2005, we used a recently-developed ion trap version of this instrument (PIT-MS) for 
parallel measurements with PTR-MS [1]. Ambient air measurements (16 days) were followed 
by branch enclosure measurements (6 days).  Preliminary analysis suggests good agreement 
between the two instruments.  Local plant emissions of reactive VOCs consist largely of 2-
methyl-3-buten-2-ol (MBO) but daily wind patterns transport isoprene and its oxidation 
products from lower elevations to the research station [2].   PTR-MS alone cannot easily 
distinguish MBO from isoprene because much of the MBO fragments in the PTR-MS drift 
tube to m69, the same mass as isoprene.  PTR-MS also can not distinguish two primary 
oxidation products of isoprene, methyl vinyl ketone (MVK) and methacrolein (MACR), 
which have the same protonated mass (m71), nor can it distinguish MBO from other 
protonated mass 87 compounds.  Collision induced dissociation (CID), a tool for compound 
identification, was performed using PIT-MS to attempt to resolve the presence of these 
species.  Laboratory measurements can reveal characteristic fragmentation patterns for VOCs 
of the same mass (Figure 1) which can be compared to ambient air measurements at Blodgett 
Forest (Figure 2). 
CID was also used on other masses where more than one compound can be expected 
including m59 (acetone and propanal), m73 (methyl ethyl ketone and butyraldehyde), and 
m137 (monoterpene mixtures).  These measurements compliment PTR-MS, ambient VOC 
and flux measurements made at Blodgett Forest and further our understanding of the 
chemistry of reactive biogenic VOCs inside and above a pine forest canopy. 
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Fig 1.  Laboratory measurements of the CID spectrum of (a) 2,3-butanedione and (b) 2-methyl-3-
buten-2-ol (MBO).  Both of which are detected at 87 amu in PTR-MS.  The increase in the CID field 
amplitude causes characteristic fragmentation for each compound. 
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Measured and modelled ammonia exchange fluxes above managed 
grassland in the Netherlands 
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During a measurement campaign in 2004, ammonia exchange fluxes above unfertilized 
managed grassland in The Netherlands were measured with a newly developed AMANDA 
gradient system, called GRAHAM. Compared with earlier ammonia measuring systems, the 
GRAHAM has better data coverage (about 95%) and a quality control system.  
In Figure 1, the measurements for a summer period are shown (between 18th July and 15th 
August 2004). The average NH3-flux in summer shows a clear daily pattern. During night 
time and in the early morning (negative or) deposition fluxes are observed mainly due to dew 

Fig 2.  CID spectrum of ambient 
air at mass 87 on July 7, 2005.  
This CID spectrum shows that a 
mixture of 2,3-butanedione and 
MBO is detected at mass 87 in 
ambient air. 
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formation on the leaf surface resulting in a small surface resistance and therefore rapid uptake 
of ammonia from the atmosphere. However, in the afternoon emission fluxes are observed 
caused by dew evaporation and high surface concentrations (in plant and/or soil). As dew 
starts to form in the evening, NH3-fluxes change sign again. The net NH3-flux in this summer 
period is -0.004 µg m-2 s-1, which corresponds with a deposition of 1.212 kg ha-1 yr-1 or 0.003 
kg ha-1 day-1. The average NH3-flux in autumn (Figure 2) only shows (negative or) deposition 
fluxes due to a mainly wet surface and small surface concentrations. In the autumn period, the 
net NH3-flux is -0.031 µg m-2 s-1. This value corresponds with a deposition of 9.845 kg ha-1 
yr-1 or 0.027 kg ha-1 day-1. 
The emission potential of the canopy or surface (Γs) may be estimated from χa at zero flux. If 
stomatal exchange is dominant, as in the case for dry conditions (cuticular resistance is large), 
a zero flux implies that χa = χc = χs. Therefore, χs may be estimated from those values of χa at 
which the net exchange flux changes sign from deposition to emission or vice versa [1]. 
Figure 3 shows these events as a function of surface temperature, together with the 
temperature-response curve of χs according to [2]. In this study a value for Γs of 1200 is used 
and leads to a reasonable fit for relative humidities smaller than 60%. For higher humidities 
and lower surface temperatures, a large number of points occur at larger air concentrations 
than would be expected from the temperature response curve. This might be caused by a 
contribution of cuticular desorption to the emission, which is most pronounced during 
transition from a wet to a dry canopy. 
The measured ammonia fluxes are also compared with the modelled fluxes from the canopy 
resistance, the stomatal compensation point and the canopy compensation point model (three 
‘state-of-the-art’ ammonia exchange models based on resistance analogy). In general, good 
agreement is found between the canopy compensation point model and the measured fluxes. 
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Figure 1. NH3-flux measurements above managed grassland in The Netherlands from 18 July till 15 
August 2004 (summer). 
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Figure 2. NH3-flux measurements above managed grassland in The Netherlands from 23 September 
till 23 October 2004 (autumn). 

Temperature response curve of the stomatal compensation point
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Figure 3. Stomatal compensation point (χs) as a function of surface temperature for three ranges of 
relative humidity (points) and the theoretical T response curve for Γs = 1200 according to Nemitz et 
al., 2000 (black line). 
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Seasonally Averaged Ozone Profile Nairobi (Kenya)
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Fig 1: Mean “Seasonally averaged” ozone profile over East Africa 

Variability in the observed vertical distribution of ozone over equatorial 
Eastern Africa: an analysis of Nairobi ozonesonde data 
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  Fax: +254-20-3876955, 
(2) MeteoSwiss, Aerological station Payerne, CH-1530 Payerne, Switzerland 
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There are still many unresolved problems concerning the present state of the equatorial 
atmospheric ozone, which plays a vital role in the life of our planet. They absorb harmful 
solar ultraviolet (UV) radiation shielding us and all other animals and plants from damage. 
These challenges can only be addressed if long-term ozone data is available on a global basis. 
At present there is very little data coverage along the equatorial region. Recent scientific 
studies have indicated a decline in ozone quantity over the globe. These developments have 
demonstrated the need for precise long-term measurements as well as quantification of the 
short-term variability. More importantly, more studies need to be conducted in tropical region 
where most ozone is formed due to availability of high dose of solar UV radiation. The 
Nairobi Ozonesonde station aims at bridging the information gap by assessing the long-term 
changes in equatorial tropospheric and stratospheric ozone. The variations of tropical 
atmospheric ozone is crucial for the radiative balance of the Earth-Atmosphere system, 
moreover, models of the world's climate require, among others, the information of the tropical 
atmosphere, especially East Africa due to its position with respect to high pollution sources 
by countries bordering the Indian Ocean. 
We present an analysis of 8 year of weekly ozone soundings conducted over Nairobi (1˚ 18S, 
36˚ 45΄E, 1795m asl). The average vertical profile of ozone indicated that the largest 
concentrations of ozone occurs approximately above 14 km and the maximum ozone values 
occurs between 26-28 km above the surface. A statistical analysis of ozone profiles split into 
3 layers reveals strong yearly variation in the free troposphere and the tropopause region, 
while ozone in the stratosphere appears to be relatively constant throughout the year. Total 
ozone measurements by Dobson and Microtops instruments confirm maximum total ozone 
content during the short-rains season and a minimum in the warm-dry season, a result in good 
agreement with TOMS satellite data. 
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Fig 2: Relative vertical Ozone variability over East Africa 

Bromine mass balance during annual ryegrass (lolium multiflorum) 
decomposition 
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Bromine is one of the most abundant and ubiquitous of the recognized trace elements in the 
biosphere (1), its natural content in plants seems not to exceed 40 mg/kg (2). Although, 
concentrations in halophytes exceed, by up to two orders of magnitude those observed in 
glycophytes (3). Bromine uptake by plants can occur via roots and possibly also by leaves (4).  
In terrestrial ecosystems plants emit a wide variety of compounds including organohalogens 
such as methyl bromide (5, 6). Methyl bromide is considered the main carrier of bromine to 
the stratosphere and a critical component of global ozone loss. Furthermore, it is assumed that 
methyl halides are emitted during litter decomposition due to fungal activities (7).  
Litter decomposition is a key process in nutrient dynamics in terrestrial ecosystems where a 
physical and chemical breakdown of dead organic matter occurs. Decomposition processes 
are highly complex and involve biotic and abiotic reactions that are affected by various 
factors such as water and nutrients availability (8). 
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The aim of this study was to investigate the fate of bromine during plant life cycle, from seed 
through to decomposition. The approach was to grow a model plant with supplemented 
bromine in hydroponic solution. The plants where then decomposed after their growth phase. 
Annual ryegrass (Lolium multiflorum) was chosen as the model plant due to its high yield 
potential and fast establishment.    
During the last years, new and modified hydroponic systems were developed mainly for 
molecular biology research (9). These systems are not optimized to ryegrass mainly due to its 
physical dimensions and consequently a new modified system was developed.  
The ryegrass seeds were sterile and germinated in boxes for three weeks on low bromine 
content agar substitute and the seedling were transferred to hydroponic culture for another 
seven weeks with bromine concentrations of 0.05, 0.5, 5 mg/l (modified Hoagland nutrient 
solution and bromine were changed every week). Following the growth phase the cultivated 
plants were dissected along their Y-axis, one plant part was measured for water and bromine 
content (using XRF) while the other plant part was randomly sliced into large fragments and 
then transferred to a custom design decomposition apparatus. The apparatus was a modified 
Erlenmeyer flask containing 30 ml Millipore water and the decomposing plant part was 
retained in a net and hung above the water. In order to measure the bromine leached fraction 
the apparatus was shaken manually during the experiments in fixed intervals and all the 
leached solution was collected and replaced with new Millipore water. Bromine 
concentrations in the leached solutions were analyzed by ICP-MS. After four months of 
decomposition the plant remains were dried and examined for bromine content. The bromine 
mass balance shown in Fig. 1 comprises three fractions: the fraction remaining in the plant 
debris, fraction leached and the deficit to the initial calculated bromine concentration 
represent the volatile fraction. The results imply that most of the bromine is released to the 
atmosphere, while small amounts remain in the detritus. The remaining bromine was leached 
into solution. In nature, the leached bromine species will enter the soil where they can bind to 
organic matter or volatilize.  
This study emphasizes the importance role of plant decomposition in biogeochemical cycle of 
bromine.   
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Agriculture contributes to about 40% of respective global emissions of methane (CH4) and 
nitrous oxide (N2O). These greenhouse gases are emitted to the atmosphere during 
agricultural production processes from soils and animals. As it is described in the IPCC 
assessment reports, CH4 and N2O emissions from agricultural sources can be reduced 
significantly through improved technologies of agronomic practices, animal nutrition, and 
animal waste management [1]. Although, various candidates of mitigation technologies for 
CH4 and N2O emissions from agricultural sources have been proposed and discussed, there 
are gaps in knowledge that: 1) There are large uncertainty in quantitative evaluation of each 
technology due to the diversity of climate and ecosystems. 2) Most of the proposed 
technologies focus mainly on the mitigation efficiency of CH4 and N2O emissions, but little 
attention has been paid on the feasibility and the trade-offs with economy and production. 3) 
Developing the methods to scaling up the point data to regional or global evaluation is needed 
to estimate the mitigation effects of the technologies. We focuse on bridging the gaps in 
knowledge for CH4 and N2O mitigation in agricultural sector and aims to make a quantitative 
evaluation of the mitigation technologies for the emissions from cultivated land and animal 
industry in monsoon Asian countries.  
The activities of the research project are based on field measurements of GHG exchange, 
laboratory experiments, GHG database compilation, and modeling, aiming at making a 
quantitative evaluation of the mitigation technologies for the emissions from cultivated land 
and animal industry in monsoon Asian countries. The studies have been developed to address 
scientifically and socially important questions related to the environmental impacts of 
agriculture. 
Experimental sites are set up in various part of monsoon Asian countries as shown in Fig. 1. 
At each site, various mitigation options are tested and the effects are quantitatively estimated. 
Those options include water and organic matter management in rice fields, fertilizer 
management in various cropland, improvement of animal diet for animals, and animal waste 
management. Results in rice fields showed that replacing rice straw incorporation with 
composting manure and improving mid-season drainage practices reduced the emissions by  
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49-63% and 22-89%, respectively, 
compared with each corresponding control treatment. Installing underground draining pipes in 
paddy fields also showed very large potential of the mitigation. Field and laboratory 
experiments for mitigating N2O emissions from fertilized agricultural fields demonstrated the 
effectiveness of applying manure and slow release fertilizer as nitrogen fertilizer. The 
experiment in a Chinese maize field showed that applying slow release fertilizer reduced N2O 
emissions by 58-67% compared with conventional urea application. 
The emission database of rice fields in Asian countries were compiled and analyzed using a 
linear mixed model. The result showed a baseline emission factor for CH4 to be 130 mg m-2 
day-1, together with the effects of various controlling factors (Fig. 2) [2]. Database analysis of 
N2O emissions from Asian fertilized fields extracted significant controlling factors, as well as 
the uncertainty due to rain fall events. An emission factor for N2O emissions from paddy 
fields was estimated to be 0.31% [3]. Process-based and mixed process-empirical models 
were validated by applying observation data of CH4 emissions from paddy fields.  
CH4 production from various species of cattle and buffalo in Southeast Asia were estimated to 
be 5-9 MJ-CH4/100MJ-Gross energy intake. It was demonstrated that CH4 production from 
Ongole crossbred young bulls could be reduced from 225 to 161 g-CH4/kg-daily live weight 
gain by increasing concentrate feeding frequency. Nitrogen excretion of pig urine was 
reduced by 25% by balancing amino acid composition in the feed, which resulted in reduction 
of N2O emissions during the manure management processes. 
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We studied the growing-season dynamics of photosynthetic capacity in Scots pine (Pinus 
sylvestris L.) in two geographical locations. The trees studied were located in Värriö, Finnish 
Lapland, near the timberline, and in Hyytiälä, southern Finland. We utilized shoot chamber 
measurements and the model for optimum stomatal control of photosynthesis. From the 
measured shoot CO2 exchange we determined the relationship between daily photosynthetic 
capacity and the ambient temperature. Shoot CO2 exchange as well as photosynthetic capacity 
derived from it showed similar seasonal patterns in northern and southern trees, following the 
daily mean temperature. At low and moderate temperatures photosynthetic capacity was 
linearly related to ambient temperature history in both northern and southern trees. During 
warm spells photosynthetic capacity in Lapland continued to increase along with increasing 
temperature, whereas in southern Finland the temperature response of photosynthetic capacity 
saturated. We conclude that in northern Finland the Scots pine forests have a greater potential 
to increase annual photosynthetic production in warming climate. In southern Finland the 
possible future increase in annual GPP will be mainly due to longer growing season, not 
higher summertime temperatures. 
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Changes on atmospheric composition and optical properties due to biomass 
burning emissions over Amazon basin 
Melina Andrade Paixão (1) ,  Carlos Pires (1), Paulo Artaxo (1), Brent Holben (2)  
(1) Institute of Physics, University of São Paulo, São Paulo, Brazil 
(2) NASA Goddard Space Flight Center, Greenbelt, Maryland, USA 
melina@if.usp.br 
Aerosol particles have an important role in the regional radiation budget and climate, in cloud 
formation processes and precipitation, in the carbon cycle and many others dynamics 
processes in the atmosphere. Many of them are efficient at scattering and absorbing solar 
radiation, thereby producing direct radiative forcing.  
Biomass burning can produce large amounts of trace gases and mixtures of aerosol particles, 
such as soot, soluble organic compounds, sulfates, and nitrates [1,2]. The gases and aerosols 
produced by these fires play important roles in the atmospheric chemistry, cloud microphysics 
and radiation balance in the lower atmosphere. 
The study of high smoke loading cases are of interest as growth mechanisms for aging sub-
micron smoke particles, such as the rate of coagulation and gas-to-particle conversion, are in 
part dependent on the concentration of aerosols present. Therefore fine mode particle growth 
should reach a maximum at highest concentrations, given enough time for aging processes to 
act. From such studies upper limits for smoke particle size and subsequent optical properties 
can be placed [3].  
Several works have been conducted over the last years in order to study the optical properties 
of biomass burning aerosols in the Amazon Basin, and important results were obtained about 
its effects on local and regional climate [4]. Biomass burning aerosols in the Brazilian 
Amazon can instantaneous reduce 37% of solar irradiance when aerosol optical thickness 
(AOT) reach values around 3.0 [5], and AOT can reach values so high as 5.0 in Rio Branco 
(AC).  
The purpose of this work was to study the local and regional effects of biomass burning due 
to land-use changes in Amazonia. The sites involved were Rio Branco (9.957S, 67.869W), 
ABRACOS  Hill (10.760S, 62.358W) and Alta Floresta (9.916S, 56.016W), all in Brazil.  
In this work we use measurements of several aerosol optical properties, as AOT, single 
scattering albedo and size distribution, obtained by AERONET sunphotometers. AERONET – 
Aerosol Robotic Network – is an internationally, federated, globally distributed network of 
sun photometers maintained by NASA and expanded by others institutes [6]. 
High seasonality was observed on the aerosol optical properties, with AOT showing higher 
values during the dry season, when biomass burning activities occur, as shown in Figure 1 for 
Rio Branco. Studies over the results for background and polluted events showed changes in 
aerosol types, as observed in Figure 2 for size distribution. 
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Figure 1: Frequency of aerosol optical thickness (AOT) in Rio Branco 
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Figure 2: Size distribution: comparison between high AOT events and background in dry season 



126 

Interactions between aerosols, climate and carbon cycling in Amazonia 
Paulo Artaxo (1), Luciene Lara (2), Luciana Rizzo (1), Paulo Henrique F. Oliveira (1), Theotonio 
Pauliquevis (1), Carlos A. Pires (1), Melina Paixão (1), Silvia de Lucca (1) 
(1)Institute of Physics, University of São Paulo, Rua do Matão, Travessa R, 187, 
São Paulo, Brazil.  
(2) CENA – Centro de Energia Nuclear na Agricultura, Universidade de São Paulo, Brazil. 
artaxo@if.usp.br 
Amazonia is one of the few continental places on Earth were we can still find very low 
aerosol loading under natural condition. In the wet season, aerosol particle number 
concentration averages 300 particles per cubic centimeter, and aerosol mass concentration is 
around 10 ug/m³. The CCN concentrations are also very low, and loaded with large particles. 
Particle size is the critical parameter for CCN activation, and the organic content in both wet 
and dry season makes chemical composition not as important as size. The picture changes 
during the dry season because of the large amounts of aerosols emitted during biomass 
burning. The radiative forcing of these particles can reach instantaneously -380 w/m², and 
averages -36 w/m² for the last 7 years. This large forcing in Amazonia changes the 
photosynthetic radiation rate at the ground, directly affecting carbon uptake by the forest. 
Aerosol optical thickness up to 3 to 4 at 550 nm is frequently observed in Amazonia during 
the dry season. Also suppression of low clouds was observed what changes significantly the 
solar radiation flux. Additionally, the increase in aerosol also changes the ratio of direct to 
diffuse radiation. Photosynthesis can be enhanced with higher flux of diffuse radiation, and 
this was clearly observed in our measurements.  
Using measured CO2 flux using eddy-correlation technique, the net ecosystem exchange 
(NEE) was estimated. Using a radiative transfer code SBDART, and a set of optical properties 
of biomass burning aerosols, it was developed a methodology to separate the direct aerosol 
effect from the cloud effect on the radiation balance at the forest canopy and grassland. Two 
sites in Rondônia were investigated: a primary forest site, Reserva Biológica de Jarú, and a 
pasture site called Fazenda Nossa Senhora. In both sites it was observed an increase of up to 
50% in NEE for a small increase in AOT (up to AOT about 1 at 550 nm) due to higher flux of 
diffuse radiation. Above this aerosol level, NEE sharply decreases with larger AOT, reaching 
about 0 for AOT larger than 3. Due to the high area covered with aerosol, this effect has large 
impact in Amazonia carbon flux. 

BLMARC - an interdisciplinary 1-d-model to investigate the formation of 
secondary organic aerosols 
Michael Boy (1,2),Douglas Nilsson (3),Olaf Hellmuth (4), Hannele Korhonen (5), 
Markku Kulmala (2) 
(1) ASP/ACD, NCAR, P.O. Box 3000 Boulder, CO 80305, USA 
(2) Division of Atmospheric Sciences, Department of Physical Sciences, P.O. Box 64, FIN-00014 
University of Helsinki, Finland 
(3) Department of Applied Environmental Science, Stockholm University, ITM, SE-10691 Stockholm, 
Sweden 
(4) Institute for Tropospheric Research, Permoserstr. 15, GER-04318, Leipzig, Germany 
(5) Finnish Meteorological Institute, Air Quality Research, P.O. Box 503 FIN-00101 Helsinki, Finland 
boy@ucar.edu 
The formation of secondary organic aerosols has been observed at most locations on this 
planet [1] but the processes involved keep many secrets. One reason for the many unknowns 
is the overlapping of several scientific areas including meteorology, physics, chemistry and 
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biology. Including the many different aspects which are involved in the production of new 
particles was our focus when we constructed BLMARC.  
BLMARC is a 1-dimensional model which investigates the formation processes of 
thermodynamically stable clusters (TSC) [2] and the growth of these TSCs to measurable size 
through condensation. We attempt to include all relevant scientific disciplines, and begin by 
calculating the emissions of the VOCs and their reaction products which are believed to 
participate even in the early stage of newly formed particles [3]. This allows us to run a 
sectional multi-component aerosol code [4] with realistic contributions from organic species. 
The model results indicate the contribution of different organic and inorganic species in the 
nucleation and condensation process. Furthermore, a contribution of sulphuric acid to the 
nucleation mode particles as soon as it is available in the atmosphere is apparent. The vertical 
structure of the cluster formation and the influence of existing particles at different heights are 
an important feature in this presentation. We compared our model results with measurements 
made during several campaigns in Hyytiala, Finland, which gave us the opportunity to 
validate single modelled processes and investigate which aspects of the complex mechanisms 
of new particle formation require further research. 
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The importance of climate-chemistry-ecosystem feedbacks in a coupled 
chemistry climate model 
William Collins, Michael Sanderson 
Hadley Centre, Met Office, UK 
bill.collins@metoffice.gov.uk 
The reactive gases in the atmosphere are an integral part of the Earth System. They exert a 
direct climate forcing through their radiative properties, and an indirect forcing through their 
effects on aerosol formation, and through their effects on the natural carbon cycle. The largest 
source of reactive hydrocarbons into the atmosphere is from the biosphere. These sources 
include methane from wetlands and volatile organic compounds from vegetation and 
wildfires. While natural sources of NOX (such as from soils and wildfires) are not as large as 
anthropogenic ones globally, regionally they are often the dominant source. These regions 
tend to coincide with large sources of natural hydrocarbons, and these correlations between 
hydrocarbons and NOX are important for determining the effect of the land surface on the 
oxidising capacity of the atmosphere, and the formation of tropospheric ozone. Vegetation is 
also an important sink for tropospheric ozone, the rate of removal determined by the 
conductance of the leave stomata. All the above sources and sinks are strongly control by the 
climate. To predict the atmospheric composition in the future, we need to understand the 
natural sources of reactive compounds to the atmosphere, and how they will respond to a 
changing climate. 
We have coupled a tropospheric chemistry model (STOCHEM) to the Hadley Centre climate 
model to investigate the impacts of climate on the oxidising capacity of the troposphere and 
the concentrations of radiatively-active gases. This coupling includes interactive schemes for 
the emissions of wetland methane, biogenic isoprene and soil NOX, and the deposition to 
leave stomata. We have used this coupled model to quantify the effects of climate change on 
these different processes, and their resulting impact on the oxidising capacity and chemical 
composition of the troposphere. 
The interaction between chemistry and the biosphere is two-way. The deposition of nitrogen 
compounds to the surface can increase vegetation growth, whereas high concentrations of 
ozone can restrict stomatal opening and hence reduce CO2 uptake and plant growth. This may 
have an important impact on the future carbon cycle. Another effect of reactive chemistry on 
the climate is on the capacity of the atmosphere to oxidise SO2, NOX and terpenes to sulphate, 
nitrate and organic aerosols. We will describe the latest model (HadGEM2) currently under 
development in the Hadley Centre which is planned to address all of these climate-chemistry-
aerosol-ecosystem feedbacks (see figure 1). 
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Fig 1. 
Climate feedback processes involving climate, chemistry, aerosols and ecosystems. 

New atmospheric particle formation and growth in the boreal forest: time 
series analysis at two atmosphere - forest ecosystem measuring stations in 
Finland 
Miikka Dal Maso (1) , Ilona Riipinen (1), Anne Hirsikko (1), Robert Wagner (1), Laura Korhonen (1), 
Ville Suur-Uski (1),  Pertti Hari (2) and  Markku Kulmala (1) 
(1) Department of Physical Sciences, University of Helsinki, Finland 
(2) Department of Forest Ecology, University of Helsinki, Finland 
Miikka.dal@helsinki.fi 

The radiative balance of the Earth is affected by the absorbing, scattering and cloud 
condensation nuclei (CCN) -forming properties of atmospheric aerosols. The magnitude of 
the aerosol radiative forcing, however, is associated with large uncertainties, partly because 
the sources of atmospheric aerosols are unknown.  
During the recent decade, observations made in various environments and sites all around the 
world have shown that new secondary particle formation bursts occur frequently in the lower 
troposphere [1] Such observations span from northern-most sub-arctic Lapland, the remote 
boreal forest [2,3] ), heavily populated urban sites [4], Antarctic areas [5], the coastal 
boundary layer [6] to industrialized agricultural regions [7]. Common to all these 
measurements is that they show episodes of ultrafine aerosol particles appearing in the 
atmosphere and subsequently growing to larger sizes, potentially until they reach sizes where 
they can have a climatic impact by scattering solar irradiation or indirectly by functioning as 
cloud condensation nuclei.  
The exact mechanism leading to new particle formation is still largely unknown, but sulphuric 
acid is assumed to take part in the process, but its concentration in atmospheric conditions is 
not sufficient to explain the observed growth of the particles. Therefore, additional species are 
assumed to participate in the growth from the initial nuclei. Strong candidates for this role are 
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photochemically produced oxidation products of volatile organic compounds (VOCs) emitted 
by vegetation.  
The SMEAR I and II stations (Systems for Measuring Forest Ecosystem-Atmosphere 
Relations) located at Värriö (Eastern Lapland) and Hyytiälä (Southern Finland), respectively, 
have been measuring aerosol size distributions since 1996 and 1998, respectively, along with 
an extensive set of atmospheric parameters. These measurements show frequent new particle 
formation events.  
We have analysed these long datasets to identify the times when new particle formation is 
observed and also finding the days when no new particles are found. Days with ambiguous 
status were left out of the classification [8].   
In Hyytiälä, 60-120 new particle formation events are seen yearly, whereas in Värriö 50-75 
yearly events are seen. The particle formation frequency shows clear seasonal variation, (see 
Fig. 1) with a clear maximum in springtime (March-May), a minimum in summer and a 
smaller maximum in autumn. During winter new particle formation is observed only rarely.  
In addition to event occurrence we also analysed the growth and formation rates of new 
particles, and calculated the condensation sink and coagulation sinks for the measurement 
period.  
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Figure 1: The frequency of new particle formation events in Hyytiälä, Finland. The plot shows the 
number of events inside a 90-day window divided by the total number of days (dashed) and days when 
either an event or non-event was recorded (solid). 

To determine whether the spring event peak is connected to VOC emissions from the 
evergreen forest, we used the results of the new particle occurrence analysis together with 
measurements of photosynthetic activity of trees and an air temperature-dependent state 
variable that indicates the stage of physiological development [9] to determine the impact of 
the recovery of photosynthesis on the new particle formation. We also used air mass trajectory 
data to identify source areas that contribute to the aerosol formation signal measured at the 
SMEAR stations. The results obtained from our analysis combined with extensive analysis of 
other atmospheric data, e.g. with data mining methods [10], help in assessing the importance 
of the boreal forest as a source of tropospheric secondary aerosol particles.  
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Aerosol-cloud-radiation and surface flux interactions simulated in a large 
eddy model 
Graham Feingold ,  Hongli Jiang 
NOAA Environmental Technology Laboratory, USA 
graham.feingold@noaa.gov 
The effect of aerosol on cloud radiative forcing and the development of precipitation requires 
treatment of myriad atmospheric boundary layer processes. Here we focus on the formation of 
warm, continental convective clouds and discuss the influence of different aerosol loadings on 
cloud characteristics. For context we use a sounding from the Smoke Aerosols, Clouds, 
Rainfall and Climate (SMOCC) experiment (Brazil 2002). Our primary tool is a new large 
eddy model that comprises coupled dynamics, aerosol and cloud microphysics, radiation, and 
surface soil and vegetation. It is ideally suited to study the subtle interplay between aerosol 
loadings, net surface radiation, sensible and latent heat fluxes, and cloud development. For 
details on the various model components we refer the reader to (Jiang and Feingold, 2005). 
The 26th September 2002 sounding at Fazenda, Brazil was chosen because it generates 
convective cumulus clouds that do not produce ice, and allows for testing of the effects of 
varying amounts of aerosol on warm cumulus clouds. The model domain is 6 km x 6 km in 
the horizontal and 5 km in the vertical, with ∆x = ∆y = 100 m and ∆z = 50 m. The time step is 
2 s. Two sets of three-dimensional simulations were performed. Each set consists of four 
simulations with aerosol concentrations of 100, 500, 1000, and 2000 cm-3 and the same size 
distribution. The aerosol optical depth ranges from 0.04 to 0.8 (dry) and the single scattering 
albedo is ~ 0.9 at 0.47 µm. All simulations have an initial aerosol profile that is invariant with 
height, chosen so as to avoid possible radiative-dynamic feedback associated with vertical 
structure in the aerosol (Feingold et al. 2005). Set 1 (S1) treats the aerosol as cloud 
condensation nuclei CCN, but the aerosol and radiation modules are not directly coupled and 
therefore there is no feedback of aerosol to surface latent and sensible heat fluxes. S1 
therefore simulates the effect of aerosol on precipitation (“second aerosol indirect effect”). Set 
2 (S2) also includes the coupling of aerosol heating with the dynamical model and therefore 
the response of sensible and latent heat fluxes to aerosol is simulated. S2 thus includes both 
the second indirect effect and the influence of aerosol radiative properties on cloud formation 
(“the semi-direct effect”). 
Figure 1 shows cloud liquid water path (LWP) averaged over many individual clouds during 
the course of 6 hours as a function of aerosol concentration Na. The standard deviation is 
shown as a vertical line. It can be seen that LWP increases monotonically with increasing 
aerosol for S1 simulations due to the decrease in cloud drop size and reduction in 
precipitation. However, it can also be seen that the aerosol effect is relatively small compared 
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to the dynamical variability of the clouds at any given aerosol concentration. For S2 
simulations, partially absorbing particles play a strong role in reducing convection through 
reduction of surface sensible and latent heat fluxes, as well as stabilisation of the boundary 
layer. As a result there is a non-monotonic response of clouds to increasing aerosol loadings: 
under relatively clean conditions, addition of aerosol results in larger LWP by reducing the 
size of droplets and through the suppression of precipitation. However, as aerosol loadings 
increase, the associated reduction in surface fluxes results in weaker convection and lower 
LWP. Similar plots for cloud optical depth τd (not shown) also indicate a monotonic response 
of τd to increasing aerosol for S1 and a non-monotonic response for S2. However, unlike 
LWP, standard deviations in τd are much smaller for both S1 and S2 simulations.  
These results suggest that in continental regions aerosol radiation and surface processes must 
be included in calculations of the response of cloud optical properties and precipitation to 
increases in aerosol. Neglect of these processes may result in an overestimate of the second 
aerosol indirect effect. 
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Fig 1. Liquid water path (LWP) as a function of aerosol concentration Na for 2 sets of simulations: 
The left plot summarises simulations where aerosol radiative effects do not affect the surface fluxes; 
the right plot is for cases where aerosol radiative effects do affect surface fluxes. Symbols indicate the 
mean LWP for all cloudy columns sampled over a 6 h period. Vertical lines indicate +/- one standard 
deviation. 

On the nucleation of some organic acids 
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Wagner (3), Antti Hyvärinen (4), Heikki Lihavainen (4) and  Markku Kulmala (1) 
(1) University of Helsinki, Finland 
(2) University of Copenhagen, Denmark 
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(4) Finnish Meteorological Institute, Helsinki, Finland 
anca.gaman@helsinki.fi 
The experimental evidence indicates that atmospheric aerosols contain hundreds of organic 
compounds, accounting over the continents for 20-50% of the total fine mass (Saxena and 
Hildemann, 1996).  The organics are often the second largest components after sulphate and 
nitrate. Unfortunately, the atmospheric particulate organics are difficult to sample and 
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analyse. As a consequence, only about 10% or less of the organic mass has been quantified. 
This relatively small amount is due partly to the fact that the ambient aerosols are usually 
analysed for those compounds that are known to be directly emitted into the atmosphere or 
that are expected to be formed in the atmosphere. The next step is to identify the relevant 
mechanism through which the organics partition into the particle phase that is either 
homogeneous or heterogeneous nucleation, either condensation, either chemical reactions 
within the particulate phase.  We will present here only the nucleation process. 
Although the potential of aerosol formation from organics has been predicted and discussed in 
literature, very little is actually known about the contribution of organics in homogeneous and 
heterogeneous nucleation; most of the studies focused on inorganic compounds. Few years 
ago we started a theoretical study on homogeneous nucleation of water and several 
atmospheric relevant dicarboxylic acids (Gaman et al. (2004)).  The theoretical framework 
was based on classical theory of nucleation. Several thermodynamical properties are required 
for the calculation of nucleation rates. However, very little was known about the nature and 
physico-chemical properties of the acids investigated. Most of the properties of the acids 
(with few exceptions, as succinic and glutaric acids) and their aqueous solutions and 
consequently the computed nucleation rates were based exclusively on theoretical approaches.  
The question raised was on the accuracy of the results, as there is a general lack of 
experimental data on both thermodynamical properties and nucleation processes for the 
systems in question and no comparison could be done.  However, the general conclusion was 
that in atmospheric conditions the dicarboxylic acids and water do not nucleate.  
Only last year Hyvarinen et al . (2005) reported measurements on surface tension and density 
for a series of dicarboxylic acids and water solutions. Also Riipinen et al developed a method 
for determining the evaporation rates ant thermodynamic properties of aqueous solution 
droplets for succinic acid (accepted to be published) and glutaric and malonic acids 
(manuscript). Temperature dependent expressions for the saturation vapor pressure of pure 
liquid phase of the acids mentioned above have been derived by analysing the evaporation 
data with an accurate theoretical model for condensation and evaporation processes (Kulmala 
and Vesala 1995, Kulmala 1993). All these new data sets were used for recalculating the 
homogeneous nucleation rates. 
We tested also the classical nucleation theory  CNT) using experimental studies on 
homogeneous nucleation in nonane-propanol system provided by Viisanen et al (1996). The 
computed nucleation rates depend significantly on the kinetics (either approximate, either 
accurate) used in the calculations.  
For the same system, the heterogeneous nucleation has been tested and compared with 
experimental results. By introducing in our calculations the concept of line tension, we 
obtained a perfect agreement with the experimental results. 
Any attempt at reproducing the aerosol formation process (either theoretically, either 
experimentally) requires at least a good knowledge of the atmospheric composition. The 
nucleation process is is sensitive to the molecular concentration of the condensable specie and 
any fluctuation in atmosphere determines where and if the nucleation takes places. Also, in 
order to reduce  the uncertainty in the nucleation calculations, more experimental data 
concerning the thermodynamical properties of the organics are necessary. 
Both experimental and theoretical approaches represent nothing else but steps towards a better 
understanding of aerosol formation. If the organics are involved or not in the nucleation 
process remains still an open question. According to our results, the dicarboxylic acids 
together with water do not nucleate in atmospheric conditions, but what would happen if an 
inorganic species will be added in the system?  
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Acid-catalyzed reactions of hexanal on sulfuric acid particles: identification 
and characterization of reaction products 
Rebecca M Garland (1,2) , Matthew J Elrod (3), Kristi Kincaid (1), Melinda R Beaver (1,2), Jose L. 
Jimenez (1,2) and Margaret A Tolbert (1,2)  
(1) Department of Chemistry and Biochemistry, University of Colorado, Boulder, CO 80309 
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Atmospheric aerosols are complex mixtures of organic and inorganic compounds.  The 
composition of atmospheric aerosols impacts their optical and hygroscopic properties, cloud 
condensation ability and chemical reactivity in heterogeneous reactions.  While it is well 
established that organics compose a large fraction of the atmospheric aerosol mass, the 
mechanisms through which organics are incorporated into atmospheric aerosols are not well 
understood.  In order to appropriately model aerosol systems, and thus their impact on the 
climate, understanding aerosol growth and the aerosols resulting compostion is critical. 
Acid-catalyzed reactions of compounds with carbonyl groups have recently been suggested as 
important pathways for transfer of volatile organics into acidic aerosols.  In the present study, 
we use the Aerosol Mass Spectrometer (AMS) to probe the uptake of gas phase hexanal into 
ammonium sulfate and sulfuric acid aerosols.  While both deliquesced and dry non-acidic 
ammonium sulfate aerosols showed no organic uptake, the acidic aerosols took up substantial 
amounts of organic material when exposed to hexanal vapor.  Further, we used 1H-NMR, 
Fourier Transform Infrared (FTIR) Spectroscopy and GC-MS to identify the products of the 
acid-catalyzed reaction of hexanal in acidic aerosols.  Both aldol condensation and hemiacetal 
products were identified, with the dominant reaction products dependent upon the initial acid 
concentration of the aerosol.  The aldol condensation product was formed only at initial 
concentrations of 75-96 wt% sulfuric acid in water.  The hemiacetal was produced at all 
sulfuric acid concentrations studied, 30-96 wt% sulfuric acid in water.  Aerosols up to 88.4 
wt% organic/11.1 wt% H2SO4/ 0.5 wt% water were produced via these two dimerization 
reaction pathways.  In contrast to previous suggestions, no polymerization of hexanal or its 
products, was observed at any sulfuric acid concentration studied, from 30 wt% to 96 wt% in 
water.  If this simple dimerization pathway is the only avenue for other aldehydes to be 
incorporated into aerosols as well, then, due to vapor pressure arguments, only the C4 butanal 
and larger aldehydes will partition into the particles.  Thereby not incorporating the more 
abundant aldehydes into existing particles.  
We also found that the UV-VIS spectrum of the isolated aldol condensation product, 2-butyl 
2-octenal, extends into the visible region, suggesting these reactions may impact aerosol 
optical properties as well as aerosol composition; thus having the potential to impact both the 
aerosols direct and indirect effects on climate change. 
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Ambient concentrations of aerosol and volatile organic compounds above a 
sub-arctic mire 
Sean Hayward, Anna Ekberg, Mikhail Mastepanov, Almut Arneth 
Department of Physical Geography and Ecosystems Analysis, Lund University, Sweden 
sean.hayward@nateko.lu.se 
Biogenic non-methane volatile organic compounds (BVOCs) are produced and emitted into 
the atmosphere by the living and decaying vegetation of many plant species.  Due to their 
impact on atmospheric oxidant concentrations (e.g. ozone and hydroxyl radicals)[1], plus their 
potential to contribute towards the formation of secondary organic aerosol (SOA)[2], BVOCs 
have been the focus of considerable attention from the scientific community in recent years.  
This focus has contributed towards the development of BVOC emission inventories and 
models[3] which are necessary if tropospheric chemistry is to be quantitatively understood and 
modelled. 
Until now, BVOC emissions and aerosol formation in sub-arctic regions have received 
relatively little attention.  Sub-arctic regions are potentially of great importance since in 
climate change scenarios they are regarded as ‘hot-spots’, that is, small changes in climatic 
variables could bring about significant changes in hydrology and land cover. 
Using a proton transfer reaction – mass spectrometer (PTR-MS; Ionicon Analytik, Innsbruck) 
and a custom-built scanning mobility particle sizer (SMPS) located inside a mobile 
laboratory, we measured BVOCs and aerosols above the Stordalen sub-arctic mire in northern 
Sweden (68°21´N, 19°00´E).  The mire, which is underlain by discontinuous permafrost, has 
undergone rapid recent disintegration resulting in subsequent vegetative change [4].   The 
PTR-MS was operated in conjunction with a sonic anenometer in order that BVOC fluxes 
could be determined. The SMPS, which operated in the 10 – 600 nm size range, had a cycle 
time of ca. 3 min, enabling nearly 500 complete scans to be made daily. 
 

 

Figure 1.  Contour plot of aerosol number concentration over Stordalen mire, Sweden, during 
June 2005 
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Ambient BVOC concentrations above the mire were always low, with typical daytime 
maxima for methanol and acetone of 5 and 0.5 ppb respectively.  Aerosol concentrations were 
also generally very low, often less than 500 particles cm-3.  Periodically, particle 
concentrations were observed to be much higher, e.g. >4000 particles cm-3.  On most 
occasions, these high concentration episodes did not appear to be associated with local 
formation and growth.  However, evidence of particle formation and growth was occasionally 
observed.  One such example is shown in Figure 1, where it can be seen that particles appear 
to grow from <10 nm to > 100 nm over a continuous period of more than two days. 
Further data and linkages between observations made with the PTR-MS and SMPS will be 
presented in the accompanying poster.   
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A large organic aerosol source in the free troposphere missing from current 
models 
Colette L. Heald (1) ,  Daniel J. Jacob (1), Rokjin J. Park (1), Solène Turquety (1),  
Rynda C. Hudman (1), Rodney J. Weber (2), Rick Peltier (2), Amy Sullivan (2), Lynn M. Russell (3), 
Barry J. Huebert (4), John H. Seinfeld (5), Hong Liao (5)  
(1) Department of Earth and Planetary Sciences, Harvard University, USA 
(2) School of Earth and Atmospheric Sciences, Georgia Institute of Technology, USA 
(3) Scripps Institution of Oceanography, UCSD, USA 
(4) Department of Oceanography, University of Hawaii, USA 
(5) Department of Chemical Engineering, California Institute of Technology, USA 
heald@fas.harvard.edu 
Organic carbon (OC) is a major component of the atmospheric aerosol [1] with both 
important anthropogenic and biogenic sources. Early aircraft measurements identified a high-
altitude source [2,3]. Two recent aircraft campaigns have provided extensive measurements of 
organic carbon (OC) aerosol mass concentrations in the free troposphere, and reveal values 
considerably larger than presently simulated by global chemical transport models (CTMs).  
The ACE-Asia campaign in spring of 2001 off the coast of Japan [4] found concentrations 
averaging 4 µg m-3 STP in the 2-6.5 km column with little vertical gradient (Figure 1) [5,6,7].  
These concentrations are 10-100 times higher than computed with the GEOS-Chem CTM 
including a standard 2-product simulation of secondary organic aerosol (SOA) formation from 
biogenic sources based on empirical fits to smog chamber data.  The same CTM reproduces 
successfully the observed vertical profiles of sulfate and elemental carbon aerosols, which 
indicate sharp decreases from the boundary layer to the free troposphere due to wet 
scavenging. Our results suggest either that lifting of OC aerosols from the boundary layer 
takes place with unexpectedly little scavenging, or that a large sustained source of SOA is 
present in the free troposphere.  
More recent measurements of water-soluble OC aerosol made during the ICARTT campaign 
over the eastern U.S. in summer 2004, also show high concentrations, averaging 1 µg m-3 STP 
in the free troposphere up to 6 km.  We will present GEOS-Chem simulations of the ACE-
Asia and ICARTT periods examining different possible mechanisms to account for the high 
observed OC aerosol concentrations in the free troposphere. Biospheric emissions of SOA-
precursors are an important perturbation to the radiative balance and composition of the 
atmosphere.  These recent field observations of organic carbon aerosols highlight the 
uncertainties in current laboratory and modeling studies of SOA formation. 
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Fig. 1: Mean vertical profiles of organic carbon (OC) aerosol concentrations measured by 3 groups 
during the ACE-Asia aircraft mission off the coast of Japan [5,6,7]. Observations are shown with the 
solid line, with individual measurements as crosses. Results from the GEOS-Chem model are shown as 
a dotted line with standard deviations for each altitude interval. The number of observations in each 
averaging interval is shown at the right of each panel. Model values are sampled along the flight 
tracks. 

Nitric acid uptake on northern and southern hemisphere midlatitude cirrus 
clouds and their role in the upper tropospheric denitrification process 
Jukka Hienola (1),  Markku Kulmala (1), Johan Ström (2) 
(1) Department of Physical Sciences, University of Helsinki, Finland  
(2) Institute of Applied Environmental Research, Stockholm University, Sweden  
Uptake of nitric acid (HNO3) on cirrus cloud ice particles has been investigated using a mixed 
phase cloud model (MIXCLOUD) and INCA project data as model input. In INCA project, 
two aircraft-based measurement campaigns were performed both in northern (NH) and 
southern hemisphere (SH) midlatitude upper troposphere during the local autumn, in year 
2000. During these campaigns cirrus cloud particle number concentrations were measured 
with simultaneous observations of gas phase NOy(g) and particulate phase NOy(p) 
concentrations. Observations indicate that HNO3 uptake depends strongly on temperature and 
NOy(g) volume mixing ratio (VMR), although only about 1% of total NOy was found in 
NOy(p) [1].  
Using Frenkel-Halsey-Hill (FHH) adsorption isotherm to estimate HNO3 uptake on cirrus 
particle ice surfaces, our model calculations support INCA project observational data for 
HNO3 uptake on cirrus ice elements. It seems to be evident that in midlatitude cirrus clouds 
(above 218 K), HNO3 uptake on cirrus cloud particles is limited by HNO3 surface adsorption 
and therefore it is also unlikely that cirrus clouds could play a significant role in 
denitrification of the upper troposphere at midlatitudes. In colder parts of the upper 
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troposphere, like in the tropical tropopause region, or during different but colder season at 
midlatitudes, HNO3 uptake on cirrus ice particles can be more important factor in the 
denitrification processes of the upper troposphere.  
In MIXCLOUD model data shown in Fig 1., maximum HNO3 uptake on ice is limited by 
FHH model. The model results only with highest HNO3(g) VMRs at 218 K reach maximum 
HNO3 uptake for both NH and SH cases. Hudson et al. [2] stated that in case of surface 
uptake of HNO3, observations should always lie below the FHH model estimated uptake. 
According to that, it is likely that at temperatures above 218 K and with typical conditions 
observed during INCA NH and SH campaigns, HNO3 surface coverage on ice particles has 
not reached equilibrium coverage. Since our model data represent maximum or very close to 
maximum HNO3 surface coverage, and since the model data fits quite nicely to INCA 
observations, it is unlikely that NH and SH midlatitude cirrus clouds could play important 
role in the upper troposphere denitrification process by ice particle sedimentation. 
With assumption of HNO3 surface uptake, our model calculations can reproduce observed 
HNO3 uptake on cirrus ice elements during INCA campaigns. Typical modelled HNO3 
surface coverage show that less than 5% of total HNO3 should be in ice phase under typical 
NH and SH conditions observed during INCA campaign. Uptakes in NH are somewhat higher 
than in SH, due to higher cirrus surface areas in NH. 

 
Fig 1. Modelled and observed HNO3(p) coverage (molecules/cm2) on cirrus ice particles as a function 
of temperature (K). Observational data from BIBLE, SOLVE, SUCCESS and POLSTAR campaigns 
are also presented in figure for comparison. 

[1] P. K. Hudson et al., 2002, J. Phys. Chem. A, 106, pp. 9874–9882. 
[2] H. Ziereis et al., 2004, Geophys. Res. Lett., 31, doi:10.1029/2003GL0 
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The distributed institute for atmospheric composition UK atmospheric 
aerosols network (DIAC-UKAAN) 
E.J.Highwood (1), K.Madhavi Latha (1), Hugh Coe (2), Ken Carslaw (3), Sandy Harrison (4) 
(1)  Department of Meteorology, University of Reading, Reading, Reading RG6 6BB, UK 
(2)  Atmospheric and Environmental Sciences (SEAES), The University of Manchester, Sackville 
Street, P. O. Box 88, Manchester M60 1QD, UK  
(3) School of Earth and Environment Woodhouse Lane Tel, University of Leeds, Leeds LS2 9JT, UK 
(4) School of Geographical Sciences, University of Bristol, Bristol BS8 1SS, UK 
ukaan@met.reading.ac.uk 
Atmospheric aerosols play a key role in the natural Earth system and are an important 
component of anthropogenic disturbances of that system. They are important at all time and 
space scales, from the local influence on air quality to the transient impact of volcanic 
eruptions on both air quality and climate, to the multi-decadal influence of aerosols on climate 
through the modification of the Earth's energy balance and cloud properties.  The Distributed 
Institute for Atmospheric Composition UK Atmospheric Aerosols Network(DIAC-UKAAN) 
aims to establish and develop links between the UK academic aerosol research base in 
atmospheric sciences and the aerosol user community, thereby improving the uptake of 
science by users and facilitating the transfer of ideas, experimental techniques and knowledge 
between academia and users of NERC science.  DIAC-UKAAN will provide different types 
of opportunities for knowledge transfer regarding atmospheric aerosols including a one-step 
website for everything you have ever wanted to know about UK atmospheric aerosol research 
http://www.met.rdg.ac.uk/~ukaan and a gap analysis to assist strategic planning of UK 
Atmospheric Aerosol Research.  DIAC-UKAAN will also run a Knowledge Exchange 
Programme providing travel and subsistence costs for individuals to spend short periods in 
other institutes and organisations to develop the synergy initiated through the meetings and to 
draft reports and articles. UKAAN is led by the Universities of Reading, Manchester & Leeds.  
Existing members include other UK universities, Met Office, Environment Agency, The 
Aerosol Society, The Royal Meteorological Society, and Ford Motor Company. DIAC-
UKAAN is striving to create a wider network for the exchange of information with the 
international aerosol user community and international participation in DIAC-UKAAN 
activities.  

Measurement of organic aerosol precursors over an oak forest 
Emily House, Eiko Nemitz, J. Neil Cape, Rick Thomas, Gavin Phillips. 
Centre for Ecology and Hydrology, Bush Estate, Penicuik, Midlothian, EH26 0QB, UK. 
emho@ceh.ac.uk 
Volatile organic compounds (VOCs) and oxygenated volatile organic compounds (OVOCs) 
are an important component in the production of secondary organic aerosols (SOAs). In 
addition these organics affect the oxidizing capacity and ozone forming potential of the 
troposphere. Biogenic emissions are a major source of VOCs and OVOCs. Determination of 
VOC/OVOC fluxes over vegetation is therefore an important challenge. In this study the high 
sensitivity and fast response of a proton transfer reaction mass spectrometer was used to 
measure fluxes above an oak forest. 
Measurements were made in July – August 2005 at Straits Enclosure, Hampshire, UK (51o 
7’N; 0o 51’ W). Straits Enclosure is a commercially managed, mature oak forest (Q. robur 
and Q. petraea) interspersed with approximately 10% ash (Fraxinus excelsior).  
VOC concentration and flux measurements were made using a proton transfer reaction mass 
spectrometer (PTR-MS).  An aerosol mass spectrometer and condensation particle counter 
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were deployed alongside the PTR-MS. Ozone concentrations and fluxes were also measured. 
Carbon and water vapour fluxes are continuously monitored on site by Forest Research (UK 
Forestry Commission).  
Air was sampled from the top of a 25 m tower through a 30 m teflon inlet adjacent to the 
sonic anemometer. The PTR-MS was operated under standard drift tube conditions (E/N = 
120 Td).  Instrument background was measured daily using a Pt/Al2O3 catalyst heated to 
200oC. Two measurement modes were employed: Two 5 minute scans of all masses from 21 
amu – 141 amu at 0.5 s/mass were performed at 0 and 30 minutes past the hour. During the 
remaining 25 minutes of the each half-hour period 8 or 9 predefined masses (m/z) were 
scanned, including 21, 33, 37, 41, 45, 47, 59, 61, 69 and 71 amu. Scans spent 20 ms on m/z 21 
(H3O+) and m/z 37 (H5

16O2
+) and 50 ms on all other masses. These data were combined with 

sonic anemometer data for flux measurements.  
Major emissions detected were isoprene, methylvinylketone, methylacrolein, acetaldehyde, 
formic acid, acetic acid, acetone and methanol. Average concentrations were 0.27 ppb, 0.02 
ppb, 0.19 ppb, 0.11 ppb, 0.013 ppb, 0.48 ppb and 1.83 ppb respectively. Concentrations were 
calculated using rate constants from the literature and reaction times calculated from drift 
velocity and drift tube length. Clear diurnal fluxes in isoprene (m/z 69) and methylacrolein / 
methylvinylketone (m/z 71) were seen (Fig 1.). Organic aerosol fluxes were measured 
alongside these fluxes using a single particle aerosol mass spectrometer. 
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Fig 1. Average diurnal variation in isoprene and methylacrolein (MACR) / methylvinylketone (MVK) 
flux 01/08/05 – 18/08/05. 
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Fig.1 Droplet growth at different time series. 
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Fig. 2  Droplet growth distribution for initial particles with 

CMD=50nm and GSD=1.4. 

The influence of mass accommodation coefficient on cloud droplet growth 
at various relative humidities 
Cheng-Hsiung Huang 
Department of Environmental Engineering and Health, Yuanpei University of Science and 
Technology, Hsinchu, Taiwan 
chhuang@mail.yust.edu.tw (C.-H. Huang) 

The formation and growth of 
cloud droplets are as a result of 
the condensation of water vapour 
onto cloud condensation nuclei 
(CCN) when the relative 
humidity exceeds the saturation 
level. The increasing aerosol 
concentrations in the atmosphere 
lead to higher cloud droplet 
concentrations and thereby 
enhance cloud albedo (Twomey 
effect). The optical properties of 
clouds depend on the liquid water 
content, droplet size distribution 
and the depth (Twomey, 1974; 
Twomey, 1977). The mass 
accommodation coefficient of 
water vapor on liquid water was 
determined experimentally, and 
the values were found to be from 
0.01 to 1 (Shaw and Lamb, 1999; 
Li et al., 2001). The mass 

accommodation coefficient is 
also a quantity that affects 
simulating cloud droplet 
growth. Recently, Laaksonen et 
al. (2005) reported that the 
droplet growth rates calculated 
in cloud model were consistent 
with experimental data when a 
mass accommodation 
coefficient of unity was 
utilized. 
In this study, the variation of 
particle diameter with time was 
calculated using the droplet 
growth equation (Fuchs and 
Sutugin, 1971). The 4th-order 
Runge-Kutta method was used 
to calculate the equation. The 
initial air temperature is 15°C, 
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the pressure is 919 mb, and the relative humidity is 80%~100%. The particles are composed 
of ammonium sulfate and assumed to have a lognormal size distribution. The number 
concentration is 1000 #/cm-3. 
Figure 1 shows that the influence of relative humidity on CMD (count median diameter) of 
droplets at different time series. It is seen that at different relative humidities, the CMD 
increases with the increased growth time, and reaches a steady value.  In addition, the rising 
rate of the CMD increases as the relative humidity is increased.  At the same time, the CMD 
is larger for a larger relative humidity. For example, for RH=100%, the droplets grow from 
0.05 µm to 0.127 µm after the growth time of 1.0 ms, and it is 0.072 µm and 0.057 µm for 
RH=90% and 80%, respectively. Figure 2 shows that the original and calculated distribution 
of cloud droplets after the growth time of 4.0 ms for different mass accommodation 
coefficients (α’s) and relative humidities (RH’s). It is seen that the original distribution curve 
shifts to the right as the relative humidity increases. It indicates that as the relative humidity is 
increased, the droplet diameter also increases. When RH=80% and 90%, the particles grow to 
a similar size distribution for α =1 and 0.042. However, for RH=100%, the droplet size for 
α=1 is larger than that for α= 0.042 as the droplet size is greater than 0.2 µm. As a result, a 
larger mass accommodation coefficient of water facilitates the droplet growth for larger 
droplets at high relative humidity. 

Reference 
[1] S. Twomey, 1974, Atmos. Environ., 8, 1251– 1256. 
[2] S. Twomey, 1977, J. Atmos. Sci., 34, 1149-1152. 
[3] R.A. Shaw and D. Lamb, 1999, J. Chem. Phys.,111, 10,659– 10,663. 
[4] Y.Q. Li et al., 2001, J. Phys. Chem. A.,105, 10,627– 10,634. 
[5] A. Laaksonen et al., 2005, Atmos. Chem. Phys., 5, 461–464. 
[6] N.A. Fuchs and A.G. Sutugin, 1971, High Dispersed Aerosols, Topics in Current Aerosol 

Research (Part 2); Pergamon: New York. 
 

Implementation of global biogeochemical models for estimates of CO 
emissions from open biomass burning in Southern Africa 
Akinori Ito, Tomomichi Kato, Akihiko Ito, Hisashi Sato, and Hajime Akimoto 
Frontier Research Center for Global Change, JAMSTEC, Japan, akinorii@jamstec.go.jp 
Open biomass burning is one of the most significant sources of trace gases and aerosols on a 
global scale and contributes to high uncertainties in the estimates of pollutants in global 
climate models. Spatially disaggregated simulation models of vegetation dynamics at 1-km 
grid together with satellite information of burned areas at 0.5-km grid is preferable to one that 
conventionally uses a non-varying space variables [1].  The former modeling approach can be 
extended to a global biogeochemical model and may provide better space-and-time-resolved 
data on a global scale, although the spatial resolutions of the global models are generally 
coarse relative to the areas burned. Here, we compare the results of emission estimates of 
carbon monoxide (CO) from open vegetation fires in southern hemisphere Africa for the year 
2000 using three global biogeochemical models. The first set of biomass densities (BD) uses 
the coupled climate-terrestrial carbon cycle model (Sim-CYCLE) [2, 3], the second uses two-
layer version of extended Sim-CYCLE [4, 5], and the last uses SEIB-DGVM [6]. The CO 
emissions per month ([P]km g CO month-1) at location l for month m from open vegetation 
fires can be described by the following equation [7].  

[P]lm = [BA]lm × [Ap]lm × [BD]lm × [CF]lm × [EF]lm (1) 
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where BA is the burned area (m2 month-1), Ap is the percentage of biomass per grid that is 
available for combustion, CF is the combustion factor, and EF is the emission factor in grams 
of CO per kilogram of dry matter burned. This study employs two different approaches for 
deriving fuel loads ([Ap]lm × [BD]lm) from three different global biogeochemical models. The 
first approach uses the global compilation of [Ap]k in ecosystem k [8]. The second calculates 
[Ap]lm by the following equation [9].  

[Ap]lm = [FVC]l × [TFF]l × [RSF]lm (2) 
where FVC is fractional vegetation cover, TFF is Tree Felled Factor, which represents 
whether or not the trees are felled, and RSF is Residual Smoldering Factor, which represents 
whether or not the coarse fuels are consumed by residual smoldering fires. The fuel 
consumption estimated from different approaches is compared with field measurements. The 
first approach results in higher fuel consumption of wood, while the second and 
measurements show that the wood is the minor component of fuels. This analysis points out 
the need to measure the fuel consumption of coarse fuels for smoldering fires in southern 
Africa. Temporal and spatial variations associated with fire history are estimated from fire 
counts and burned area products associated with tree cover percentages [10]. This analysis 
suggests the importance of the fire history in order to derive the appropriate temporal and 
spatial variations of emissions from global biogeochemical models.  
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Chemical composition of aerosol over a tropical mangrove forest during 
Asian dry season 
T. K. Jana (1), A. Chatterjee (2), and S. Sen (2)  
(1) Department of Marine Science, Calcutta University, 35, B.C. Road, Kolkata-700019, India 
(2) Department of Chemistry, Calcutta University, 92, A.P.C. Road, Kolkata-700009, India 
tkjana_cu@yahoo.com 

Material 
Several studies involving aerosol production and chemical composition measurements have 
been reported in tropical rain forest.1 In the tropics, mangrove cover 100,000 – 230,000 km2 
and are the major ecosystem fringing the continental margins2. Very few studies have been 
carried out in the past on aerosol at the land-ocean boundary over the mangrove forest. This 
study reports the mass loading of sea salt aerosol along with their chemical composition in the 
land-ocean boundary at Sundarbans mangrove, NE Coast of Bay of Bengal (20032/- 20040/N 
and 88005/-890E). Aerosol samples were collected using nine- stage (0.4, 0.7, 1.1, 2.1, 3.3, 
4.7, 5.8, 9, 10 µm) cascade impactor during Asian dry season (November, 2003 – June, 2004 ) 
were analyzed for water soluble inorganic species of Na+, NH4

+, K+, Ca2+, Mg2+, Cl-, NO2
-, 

NO3
-, PO4

-3 and SO4
2-. Results are given in Table 1. For estimating the aerosol flux, a 

distributed area source is considered in which the offshore and near shore area contributions is 
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treated as coming from a continuous distribution of infinitesimal sources3. Dry depositional 
fluxes of different size fractions are determined using the dry deposition velocity model4. The 
average mass of aerosol was found to be 99.94 ± 41.94 µg m-3 with production and dry 
deposition rates of 1.48 µg m-2 s-1 and 0.09 µg m-2 s-1, respectively (Fig. 1). Sodium was 
found to be the dominant cation species among the water-soluble ions occurring in the aerosol 
and ratio of chloride with sodium was 0.513 ± 0.44. Considerable change of the ratio of 
different ions with sodium was found in the aerosol compared to that of source seawater 
indicating the interaction of marine aerosol with materials transported from the anthropogenic 
sources. Significant correlation between chloride loss ( Clloss in µM ) was obtained between 
non sea sulphate ( nss in µM ) and nitrate (NO3 in µM ): Clloss = 0.0207 + 2.49 [nss] + 6.7 
[NO3], R2 = 78.89. Average concentration of phosphate was found to be 11.48 ± 1.15  µg m-3 
with significant contribution from bioaerosol released from forest. 
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Table 1 : Water soluble ions and their ratio with sodium in the aerosol and in the sea water 
       Ions Concentration ( µg m-3) Ratio with Na 

(Aerosol) 
Ratio with Na (Sea 
water) 

        Na+                 20.8 ± 14.5               
        K+                   3.57 ± 2.68         0.17 ± 0.17 0.037 
        NH4

+                   0.97± 0.88         0.046 ± 0.053 1.33x10-6 
        Ca2+                   4.59± 3.48         0.22 ± 0.22 0.038 
        Mg2+                   2.08 ± 2.88         0.1   ± 0.16 0.12 
        Cl-                 10.67 ± 5.48         0.513 ± 0.44 1.8 
        NO2

-                   0.28 ± 0.16         0.013  ± 0.011 - 
        NO3

-                   4.41 ± 2.51          0.027 ±  0.024 11.78x10-6 
        PO4

3-                11.98 ± 4.03         0.576  ±  0.44 2.17x10-6 
        SO4

2-                17.84 ± 16.04         0.86   ±0.98 0.25 
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Figure 1: Date wise variation of the rate of aerosol flux and dry deposition 



146 

Secondary organic aerosols involvement in the feedbacks between 
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mariak@chemistry.uoc.gr   
Organic material significantly contributes ~20-50% to the total fine aerosol mass at 
continental mid-latitudes and as high as 90% in tropical forested areas. Global 3-dimensional 
chemistry transport model studies indicate that under certain circumstances the main fraction 
of organic aerosol (OA) can be of secondary origin, i.e. chemically formed in the atmosphere.  
It has been known for quite some time that the oxidation of monoterpenes in the troposphere 
plays a potentially important role in the generation of SOA. In recent years volatile organic 
compounds emitted from biogenic sources (BVOCs) have been positively identified as 
precursor substances to the formation of SOA in the atmosphere. BVOCs contribution to 
aerosol formation has now been amply demonstrated in different laboratory and outdoor 
chamber experiments. Laboratory investigations of the Cloud Condensation Nuclei (CCN)-
properties of the biogenic SOA found that certain species can be excellent CCN material, and 
activate similarly to highly water-soluble organic species. In addition, chemistry/transport 
simulations indicate that BVOC significantly affect tropospheric ozone levels and are the 
main contributors to SOA formation on a global scale.  
This biogenically driven SOA is therefore expected to exhibit natural variability due to 
meteorology and climate changes. These changes affect, the air circulation, the biogenic 
emissions of BVOC that are driven among others by light and temperature, as well as the 
hydrological cycle that impacts on the removal of aerosols from the atmosphere and thus on 
their lifetime. In turn, SOA affect climate via scattering and absorption of light, CCN 
formation, alteration of cloud properties and thus of the overall hydrological cycle.  
A first attempt to provide insight to the complexity of the climate/biosphere/atmosphere 
interactions involving SOA is presented here. The response of the global budget of SOA and 
of the radiative perturbation caused by SOA to short-term (within a decade) and long term 
(pre-industrial and future) changes in the emissions is evaluated based on 3-d global CTM 
simulations. Both the natural and the anthropogenic driven variabilities are investigated and 
contrasted. The impact of meteorology on the interannual variability of the SOA is analysed. 
The importance of the hydrological cycle in determining the built up and fate of SOA in the 
atmosphere is demonstrated. Significant positive and negative feedback mechanisms in the 
atmosphere are identified to be responsible for non linear relationship between emissions of 
VOC and SOA burden. These results largely rely on our understanding of SOA formation, 
ageing and properties. Critical areas where research is needed to reduce the involved 
uncertainties are summarised.  
Acknowledgements. Support by EU (PHOENICS project) and the Greek Ministry of 
Education (Phythagoras II) is acknowledged.  
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Biogenic volatile organic compounds (BVOC) like the monoterpenes (C10H16) are emitted to 
the atmosphere in large quantities by plants. During their oxidation, parts of the products may 
condense on atmospheric particles. Thus tropospheric particles are often mixtures of aqueous 
electrolytes and soluble organic component or surfactants. The extend to which those organic 
aerosol components change particle properties are not well quantified. One example is 
hetereogenous N2O5 hydrolysis where the uptake kinetics of aqueous electrolytes are quite 
well understood. In contrast not much is known on a quantitative basis about the modification 
of N2O5 hydrolysis rates by organic aerosol components. In general all processes acting on the 
chemical composition of the aerosol will be of immediate importance for light scattering 
properties and the ability to act as cloud condensation nuclei. 
We investigated the N2O5 uptake on mixed inorganic/organic aerosol particles in the Jülich 
large aerosol Chamber. Two sets of experiments were chosen to approach possible differences 
for soluble organics and organics acting as surfactants. Dicarboxylic acids (C2-C5) were used 
to probe the reactivity of aerosols containing a soluble organic fraction. Aerosols were 
generated from solutions containing a 1:1 molar ratio of ammonium sulphate and dicarboxylic 
acid. Taking into account the large fraction of organics in those particles, the effect of soluble 
organics on the reaction probability γ is relatively small (compare fig 1). Therefore also 
aqueous particles of pure dicarboxylic acids C2-C5 have been studied. The  γ for the 
dicarboxylic acid aerosols show an alternating behaviour with carbon number: odd C acids 
(malonic and glutaric acid) have a γ in the range 0.01 – 0.02, even C acids show smaller 
values. This even/odd characteristic parallels the deliquescence properties of the dicarboxylic 
acids [1]. With even C chains tending to fall dry under the experimental conditions chosen in 
the chamber the observed γ directly reflect the hygroscopic properties of the dicarboxylic 
acids.  
To investigate the effect of organic 
surfactants we used ammonium sulfates as 
inorganic seed aerosols and ozonolysis 
products of α -pinene, myrcene, limonene and 
sabinene to generate the organic particulate 
component. A size dependant partitioning of 
the organic aerosol component was observed 
by aerosol mass spectrometry (AMS) and 
could be interpreted as evidence for organic 
film formation with an aerosol dynamic 
model [2]. Figure 2 demonstrates that with 
some scatter the observed reduction of N2O5 
uptake on the coated particles can directly be 
related to film thickness. The film thickness 
was derived from AMS measurements. 
Typically the organic mass fraction in these 
particles was on the order of 10%. Already 
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small amounts of oxidized volatile compounds are efficient in shielding the particle water and 
modifying the surface reactivity of the 
particles.  
The experiments show that organic 
coatings of biogenic origin can 
significantly retard the heterogeneous N2O5 
hydrolysis. As a consequence in the 
boundary layer the removal of nitrogen 
oxides and the formation of nitric 
acid/nitrate, to which the heterogeneous 
hydrolysis of N2O5 contributes an 
estimated 30-50% , may be significantly 
slower than considered in atmospheric 
models. 
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The influence of the boundary layer development on the ozone 
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A five-month (from May 1 till October 30, 2004) observation of the atmosphere over the 
urban area of the Sofia city was carried out. Multiple aerosol layers of variable thickness 
(200-600 m) were systematically observed in the planetary boundary layer. The aerosol 
extinction coefficient, the aerosol optical depth (AOD), and the ground level ozone 
concentration are determined and their variations are followed during the convective 
boundary layer (CBL) formation. 
Introduction 
This study aimed at (i) determining of the mixing layer (ML) height over an urban area using 
the aerosol as a tracer, (ii) determining the ground level ozone concentration and at estimating 
its relation with the ABL development in different meteorological situations, (iii) determining 
the variation of the aerosol optical characteristics over the area during the ABL formation. An 
attempt is made of estimating which processes (photochemical ones, those of vertical mixing 
or advection ones) mainly determine the ground level ozone concentration in the day over the 
urban area. An aerosol lidar, an ozone analyzer [1] and a spectroradiometer were used to 
implement this task. 
Many researches engaged in similar investigations. D.Lalas et al. [2] studied the horizontal 
and vertical distribution/spreading of ozone in the case of breeze circulation presence in the 
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Athens region performing point measurements and recording the vertical profiles (using 
balloons) of its concentration. Accompanying meteorological measurements were performed 
by conventional means and using a sodar for wind velocity determination up to heights of 
1000 m. Fr.Beyrich et al. [3] carried out similar investigations using a sodar and performing 
balloon profile recording in a mountain valley. 

Results and discussion 
The paper presents some experimental results obtained during a campaign from May till 
October 2004 in Sofia (42°39′ N, 23°23′ E, 591 m ASL), Bulgaria. 
In this work we studied the behaviour of the residual layer (RL) during the SBL destruction 
and CBL formation. That is important particularly for this study since it affects the ground 
level ozone concentration. Some data obtained during two days of the campaign are shown, 
namely, 23.06.2004 (summer period) and 07.10.2004 (autumn period). 
In Fig. 1 the variation in the heights of the ML and RL on 23.06.2004 determined from the 
lidar data employing the gradient method [4] and the changes in the ground level ozone 
concentration are shown. Such type of graphs gives possibility the time of the RL destruction 
and the height reached by the ML to be better determined. Fig. 2 shows the analogous lidar 
data and AOD determined by lidar, sunphotometer (Microtops II) [5] and optical radiometer. 

A general preliminary review and a comparison of the lidar and ozone concentration data 
reveal the following: 
i. When an advection prevails (e.g. wind from NE) the ground level ozone concentration is 

determined mainly by the advection and photochemical processes. Further, during/after 
the RL destruction a slight increase in ozone concentration is observed. 

ii. In clear days with intense sun heating (respectively, intensive vertical mixing) the role of 
the photochemical processes prevails. The increase of the ozone concentration 
during/after the RL destruction is stronger pronounced. 

iii. In the case of cloudiness, when the CBL development is delayed and photochemical 
processes are not so active, the increase in the ozone concentration is highest. 

During the summer period of the campaign (which data are shown here in part) the RL was 
being destroyed between 10:30 and 11:30 LST. During the same time, the ML height was 
within the H=500 m and H=800 m interval. 
A comparison of the data for AOD determined from lidar, spectroradiometer and Microtops II 
sunphotometer data shows the following: 
i. AOD determined from the lidar data is always slightly lower than the total AOD 
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determined by radiometers. 
ii. AOD reaches its maximum value (if exists) 1−2 hours before the complete development 

of the CBL. 
iii. The differences between the homemade spectroradiometer data and those of the standard 

sunphotometer Microtops II are probably caused by the different location of the devices 
(at a distance of about 4 km from each other) and the different precision of each 
instrument pointing at the sun. 

Conclusions 
This work presents some results of a complex study of the CBL development, variations in 
the ground level ozone concentration and aerosol optical characteristics using lidar, ozone 
analyzer and radiometers. 
The vertical mixing, representing the matter of the CBL development, affects the ground level 
ozone concentration; the latter increases during/after the RL (where the ozone content is 
higher) destruction. That increase is slight in the case of an advection presence and is most 
powerful in the case of cloudiness. 
The time of AOD maximum is ahead of the full CBL development by 1−2 hours. The 
combined lidar-radiometer studies are promising for AOD determination and for estimation of 
the aerosol particles size distribution as well. 
It could be concluded that studies such as the presented one are perspective for solving of 
local ecological problems in an urban area situated in a mountain valley. 
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Modification of cloud properties by atmospheric aerosol particles is perhaps the most 
uncertain forcing component associated with the human-induced climate change. The basic 
issue in looking at aerosol-cloud interactions is to find a relation between the activating 
aerosol particle population and the number of resulting cloud droplets. This issue is far from 
being well understood, as demonstrated by a recent closure investigation [1].  
While a large number of field investigations on aerosol CCN activity and cloud microphysics 
have been performed, very little information on the activation characteristics of the smallest 
aerosol particles (those close to or below 0.1 µm in diameter) is available. This fact along 
with the occasional cloud droplet activation of aerosol particles observed in earlier studies at 
Pallas site [2] served as a motivation to this more detailed experiment on aerosol-cloud 
interactions. The Second Pallas Cloud Experiment (Second PaCE) was held at Pallas station 
in northern Finland hosted by Finnish Meteorological Institute. The campaign period was 
about three weeks, from 16th of September to 6th of October 2005. This paper gives an 
overview of the experiment and presents first results obtained. 
Measurements were done in Pallas GAW (Global Atmosphere Watch) station in northern 
Finland [3]. The measuring site Sammaltunturi (67°58’N, 24°07’E) is 565 m above sea level. 
The station was inside the cloud cover for about half of the campaign time, which provides a 
good opportunity to investigate the cloud droplet activation of aerosol particles and other 
cloud properties. 
At the station two different inlets are used. Total air inlet provides the total concentration of 
particles (residual + interstitial) by drying all droplets. From the other inlet with PM 2.5 
cyclone we could measure the interstitial particles during cloud occurrence. Similar DMPS 
(Differential Mobility Particle Sizer) systems are used at both inlets for nanometre particle 
sizing, measuring the dry particle diameter in the size range 7 - 500 nm. With this setup we 
were able to obtain the size distribution of activated particles and also the diameter 
corresponding to 50 % activation efficiency (D50) could be estimated. Both inlets also have 
Condensation Particle Counters (CPC, model TSI 3010) for particle concentration and 
Aethalometers (Magee Scientific) for black carbon concentration.  
Hygroscopic properties of dried interstitial (PM 2.5 inlet) and cloud aerosols (total inlet) were 
determined with a hygroscopicity TDMA (Tandem Differential Mobility Analyzer). The 
measured dry sized (i.e. in diameter) were 30, 50, 80, 100 and 150 nm, respectively. Relative 
humidity of aerosol flow was kept about 2-3 %-units lower than that of sheath flow for 
measurements at about 90 % water saturation.  
An Aerosol Mass Spectrometer (AMS) was used in the total air inlet to define the inorganic 
and organic components of particles larger than about 50 nm. Ambient aerosol is sampled and 
focused through the aerodynamic lens into the vacuum. The fine particle beam passes through 
a skimmer and (during ToF mode) a chopper and impacts onto a 700 C (the range is between 
550 C and 900 C) heater followed by flash vaporization and electron ionization. The ions are 



152 

analyzed by a quadrupole mass spectrometer (MS). Only the positively charged ions can be 
detected. Chopper is used for particle sizing and calculation of aerosol mass concentration. 
Particles in the range of approximately 50-600 nm are focused almost 100 % efficiency, 
allowing a quantitative analysis of most of the accumulation mode aerosol. This size range is 
important in the activation processes of aerosol particles to cloud droplets. The MS is used for 
analyzing inorganic and organic components of particles. With this instrument can detect for 
instance nitrate and sulphate.  
Additionally, we measured cloud droplet size distribution (2 - 47 µm) with Forward 
Scattering Spectrometer Probe (FSSP). The droplet number obtained from the FSSP can be 
compared to the respective DMPS-derived values. Cloud water was collected for chemical 
analysis (Fog Water Collector), and the calculated cut-off diameter of the Fog Water 
Collector was 7 µm. Close to 100 samples were collected during the campaign. The samples 
will be analysed with Ion Chromatograph for major inorganic ions (Cl¯, −

3NO , −2
4SO , Na+,  

+
4NH , K+, Mg2+ and Ca2+) and with Total Organic Carbon Analyzer (Shimadzu TOC-VCPH) 

for water soluble organic carbon (WSOC). As part of the continuous measurement program, 
nephelometer data was available among many others. The station had also automatic weather 
station and trajectories were calculated for every three hours to verify the history of the 
observed air masses. 

References 
[1]  J.R. Snider, S. Guibert, J.L. Brenguier and J.-P. Putaud, 2003, J. Geophys. Res., 108(D15), 

doi:10.1029/2002JD002692. 
[2] M. Komppula, H. Lihavainen, V. Kerminen, M. Kulmala, and Y. Viisanen, 2005, J. Geophys. Res., 

110, D06204, doi:10.1029/2004JD005200. 
[3] J. Hatakka J., T. Aalto, V. Aaltonen,  M. Aurela, H. Hakola, M. Komppula, T. Laurila, H. 

Lihavainen, J. Paatero, K. Salminen and Y.Viisanen, 2003, Boreal Environ. Res., 8(4), p.365-384.  

Biosphere - atmosphere interactions: formation and growth of atmospheric 
aerosols 
Markku Kulmala (1), Sanna-Liisa Sihto (1), Miikka Dal Maso (1), Ilona Riipinen (1), Anne Hirsikko 
(1), Lauri Laakso (1), Michael Boy (1), Tuukka Petäjä (1), Kaarle Hämeri (1), Tanja Suni (1), Anni 
Reissell (1), Pertti Hari (2), Veli-Matti Kerminen (3), Kari Lehtinen (3,4), Yrjö Viisanen (3), Ari 
Laaksonen (4) and Timo Vesala (1) 
(1) Department of Physical Sciences, University of Helsinki, Finland 
(2) Department of Forest Ecology, University of Helsinki, Finland 
(3) Finnish Meteorological Institute, Helsinki, Finland 
(4) Department of Applied Physics, University of Kuopio, Finland 
Markku.Kulmala@helsinki.fi 
In order to be able to better understand the climatic and health effects of atmospheric aerosols, 
the formation and growth processes of atmospheric aerosols should also be better understood. 
Atmospheric aerosol formation consists of a complicated set of processes that include the 
production on nanometer-size clusters from gaseous vapours, the growth of these clusters to 
detectable sizes, and their simultaneous removal by coagulation with the pre-existing aerosol 
particle population. Once formed, aerosol particles need to grow further to sizes >50-100 nm 
in diameter until they are able to influence atmospheric chemistry and physics. Aerosol 
formation followed by growth has been observed to take place almost everywhere in the 
atmosphere [1]. However, serious gaps in our knowledge regarding this phenomenon exist. 
These gaps range from the basic process-level understanding of atmospheric aerosol 
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formation to its various impacts on atmospheric chemistry, climate and human health. 
Therefore we need to perform studies on formation and growth of biogenic aerosols including 
a) formation of their precursors by biological activities, b) related micrometeorology, c) 
atmospheric chemistry, and d) atmospheric phase transitions. The other important issue is the 
ecosystem – atmosphere interactions. Without understanding the natural background and 
changes in it, it is impossible to understand the anthropogenic effects on climate generally and 
particularly on aerosol load. 
To be able to answer open questions related to aerosol formation and growth we need to use 
research methods covering both experimental (laboratory and field experiments including 
development of novel instrumental techniques) and theoretical (basic theories, simulations, 
model development) approaches. We start with the detailed nucleation theories followed by 
aerosol dynamic / atmospheric chemistry models and well defined laboratory experiments and 
end to wide continuous field measurements in the research stations SMEAR II (Station for 
Measuring Forest Ecosystem-Atmosphere Relations, Hyytiälä, Finland), SMEAR I (Värriö, 
Finland) and Pallas-Sodankylä GAW (Global Atmospheric Watch) station. Actually we 
perform our studies in real cross, inter- and multidisciplinary way. 
One certain way in our approach is so called research chain. E.g. it is very important to 
perform studies all the way from molecular scale to global scale. In practice it means that we 
start from molecular properties, which is then used in molecular simulations (Monte Carlo 
and Molecular Dynamics) in order to be able to understand nucleation process. Also in 
thermodynamics the molecular properties are very important. Thermodynamics is needed in 
classical nucleation theory. Nucleation together with condensation/evaporation, coagulation 
and deposition are part of aerosol dynamics. Aerosols will affect on cloud microphysics 
together with meteorology, and also boundary layer meteorology is needed as a part of 
understanding aerosol processes in the atmosphere. Different kind of boundary layers should 
be understood before regional scale processes and atmospheric conditions could be 
understood, and then as end point global scale. In order to able to understand global climate 
all these processes should be understood.  
The exact mechanism leading to new particle formation is still largely unknown, but sulphuric 
acid is assumed to take part in the process. It has been proposed and also observed that 
atmospheric new particle formation depends on the sulphuric acid concentration (see [2]). We 
will investigate the theoretical background of the observed sulphuric acid concentration 
dependence. For this purpose, we have derived [2] a theory for cluster activation, and 
compared its predictions with kinetic nucleation and observed particle formation. Here we 
will also study the effect of different organic compounds on new particle formation, 
particularly for initial steps of the growth, where also photochemically produced oxidation 
products of biogenic volatile organic compounds (BVOCs) emitted by vegetation are 
important.  
One of the best examples so far is our recent study on the possible connections between 
carbon balance and aerosol-cloud-climate interactions, which are significant in studies of 
global climate.  We investigated based on long term continuous data the coupling between 
atmospheric carbon exchange and aerosol formation and growth in continental boundary layer 
[3]. We compared a six-year data set of aerosol formation and aerosol growth rates as well as 
of fluxes of carbon dioxide with a two-year data set of monoterpene concentrations. The 
measurements were performed from April 1996 to December 2001 by measuring aerosol size 
distributions and using the eddy covariance technique over a Scots pine forest in SMEAR II 
station. The results reveal two important connections in terms of seasonal variability: 1) one 
between the growth rate of nucleation-mode aerosol particles and ecosystem gross primary 
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production and 2) one between the formation rate of nucleation-mode particles and the 
ozonolysis of monoterpenes. In addition, the seasonal pattern of particle growth rates is 
similar to that of the oxidation products of monoterpenes with OH radicals. An interesting link 
and a potentially important feedback among forest ecosystems, greenhouse gases, aerosols 
and climate exists through increased photosynthesis and forest growth due to increasing 
temperatures and CO2 fertilization. An increase in forest biomass would increase non-methane 
biogenic volatile organic compound emissions and thereby even organic aerosol production. 
This couples the climate effect of CO2 with that of aerosols in a novel way, and shows the 
strength of our scientific approach. 
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CO2 concentrations experienced a sharp decline after volcanic eruption of Mount Pinatubo in 
1991. Since a variety of plant canopies use diffuse irradiance more effectively than direct 
irradiance (Roderick and Farquhar Oecologia 2001 and Gu et al. J. Geophys. Res. 2002) it has 
been argued that increasing stratospheric sulfate aerosols might be responsible for this drop. 
Stratospheric aerosol scatters sunlight and leads to increasing diffuse light in spite of 
reductions in total solar irradiance.  
Enhanced photosynthesis in deciduous forest has been observed (by 23% in 1992 and 8% in 
1993, Gu et al. Science 2003) under clear skies at around noontime after Pinatubo. 
Here I argue that the globally observed increase in tropospheric aerosols due to industrial 
activity in the second half of last century cannot be compared with this effect. Anthropogenic 
aerosols tend to be absorptive of sunlight and hence reduce diffuse light more effectively than 
direct light. A consequence might be a gradual reduction in photosynthesis over the years with 
increasing aerosol concentration. This might constitute a positive feedback in the carbon 
cycle: Increasing carbonaceous aerosol emissions lead to increasing CO2 concentrations due 
to reduced photosynthesis. The hypothesis will be illustrated by analysis of a time series of 
diffuse solar irradiance for a remote German site Hohenpeissenberg which will be compared 
to a former study of solar diffuse and direct irradiance for US sites. 

The African Monsoon Multidisciplinary Analyses (AMMA) program 
Céline Mari for the AMMA team 
Laboratoire d Aérologie, CNRS/UPS, France 
celine.mari@aero.obs-mip.fr 
The West African Monsoon (WAM) is a dynamical coupled system in which climate 
evolution is linked to ocean/land surface forcings and to changes in the atmospheric 
composition. The understanding and predictability of the WAM variability requires a detailed 
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knowledge of feedbacks between the surface (land-ocean) and the atmosphere. Such 
variability of theWAM has raised important issues related to sustainability, land degradation, 
and food and water security in the region. The African Monsoon Multidisciplinary Analyses 
(AMMA) program is an international integrated multidisciplinary project dedicated to 
improving our knowledge and understanding of the WAM and its variability on daily-to-
interannual timescales. The aim of AMMA is to address practical issues related to prediction 
of the WAM and applications in terms of societal need. 

Formation of biogenic secondary organic aerosol: a mass spectroscopic 
approach to the carbon mass balance of reactive carbon 
Th. F. Mentel, R. Tillmann, and A. Kiendler-Scharr 
Forschungszentrum Jülich, ICG-II Troposphäre, Jülich, Germany 
T.Mentel@fz-juelich.de 
Biogenic volatile organic compounds (BVOC) like the monoterpenes (C10H16) are emitted to 
the atmosphere in large quantities by plants. During their oxidation, some products may 
condense on atmospheric particles. If those oxidation products act as surfactants they can 
change the properties of the aerosols, the interaction with water vapour and transfer of 
reactive trace gases. All processes acting on the chemical composition of the aerosol will be 
of immediate importance for light scattering properties and the ability to act as cloud 
condensation nuclei. 
Oxidation experiments of monoterpenes (Sabinene and α-Pinene) were conducted in the large 
Aerosol Chamber of the Research Centre Jülich in the presence of seed aerosols. The chamber 
consists of a Teflon FEP bag of 260 m³ volume with a volume/surface ration of ~ 1. The seed 
aerosol is generated by spraying dilute salt solutions. The chamber is equipped with an 
Ozone-Monitor, Aerosol Mass Spectrometer (Aerodyne) and a high sensitivity PTRMS 
(IONICON). The monoterpenes were added into the chamber by injecting the pure liquids 
with a µL-syringe after the aerosol was generated. Using 20 – 60 µL of pure monoterpenes 
resulted in mixing ratios of  13 – 40 ppb. Oxidation was initiated by the injection of ozone. 
The O3 concentration was increased stepwise to suppress new particle formation.  

 

For monitoring the gas-phase mixing 
ratios of the monoterpenes and their 

oxidation products the PTRMS was operated alternately in the single ion mode and the bar 
graph scan mode. Single ion detection was performed for masses lower than 50 amu with 
varying integration times. Above 50 amu up to 199 amu a sample time of 2 sec. per mass was 
chosen. 
Performing a correlation analysis of a precursor mass with all other masses results in positive 
correlation coefficients for all fragments of the precursor and its isotope signals. All products 

Figure 1: Correlation coefficient of the 
reactant mass signal 137 with all other 
mass signals during an α-Pinene oxidation 
experiment. The fragments of α-Pinene 
(m/z 81;137) and their isotope signals (m/z 
82,138) are strongly positively correlated. 
The product mass signals are negatively 
correlated (circles). 
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feature a negative correlation coefficient as long as the oxidation proceeds (Figure 1). We 
assume that all masses with a correlation coefficient lower than -0.68 are oxidation products. 
For the α-Pinene experiment this way 16 product ions were identified. If the 13C signal (m+1) 
exceeds the limit of detection the C-number of the respective molecule can be determined by 
plotting the 13C vs. 12C for each time. 
A calibration of the PTRMS for the monoterpenes and the identified low molecular weight 
compounds was performed using a diffusion source. For mass signals which could not be 
identified we assumed the sensitivity to be equal to the sensitivity for the monoterpene. 
Mixing ratios were then calculated in terms of carbon-equivalents. The carbon mixing ratios 
of the identified products were added up and set in relation to the carbon mixing ratio of the 
consumed monoterpene. This is the carbon ratio specifying the recovery of carbon in the gas 
phase (see Fig. 2). 

The recovery of the gas-phase oxidation 
products of α-Pinene has been determined to 
>35% by PTRMS measurement. It tends to drop 
slightly to longer times. Considering 
fragmentation of high mass molecules inside the 
drift tube this recovery rate is expected to be a 
lower estimate.  
Aerosol mass spectrometry shows a slow 
increase of the organic component of the aerosol 
(see Fig.2). By estimating a mean molecular 
weight and C/O ratio of the aerosol phase 
products from literature data (Yu et al., 1999) 
we obtained the product-carbon/Cconsumed ratio 
for the particulate phase. The recovery of the 
condensed-phase oxidation products of α-Pinene 
has been determined to <25%. This value 
increases slowly with time.   

In total the recovery rate adds up to ~60% and compares with the results of Yu et al. [1]. Note 
that this analysis was done with a time resolution of 10 minutes. 

References  
[1] Yu, J., Cocker III, D. R., Griffin, R. J., Flagan, R. C., Seinfeld, J. H., 1999, J Atmos. Chem. 34: 
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Analysis of fog formation from meteorological and air pollution 
measurements 
Manju Mohan and Swagata Payra 
Centre for Atmospheric Sciences 
Indian Institute of Technology 
New Delhi-110016, INDIA 
spayra@yahoo.com 
Fog is a very common feature during winter season in Delhi, the capital of India.  Delhi 
belongs to semi-arid zone. It is well known that arid zone is hot by day and cool at night. The 
radiative cooling effect in the city during wintertime is quite dominating and facilitates in 
formation of radiation fog. The limited visibility associated with fog is responsible for a loss 

Figure 2: Gas and Particulate phase 
oxidation products of α-pinene normalized to 
consumed precursor concentration. 
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of time and money in all forms of transportation. Analysis of six years (1996-2002) of 
meteorological data for the winter season shows that occurrence of fog is more than 50% of 
the time in this mega-city as shown by Mohan & Payra, 2004 [1]. Delhi has also witnessed 
increased frequency of fog in winter season in past few years. Landsberg [2] mentioned the 
increased frequency of fog in urban areas as a result of air pollutant emissions. Certain 
meteorological parameters alone or in combination with some air pollutants trigger fog 
formation in the urban area. The physical and chemical interactions between gases, aerosol 
particles and liquid water droplets in fogs can influence the composition of the troposphere 
and also that of the particulate matter as well as modify the physical properties of the particles 
as stated by Frank et al. [3]. This study is thus aimed to critically examine the relationships 
between meteorological parameters, air quality and visibility over Delhi based on 
observations during winter that included severe dense fog episodes. The parameters analyzed 
are diurnal variation of measured values of ventilation coefficient, relative humidity, 
visibility, Sulfur dioxide (SO2), Nitrogen dioxide (NO2) and RSPM over Delhi from January 
3-9, 2004. Maximum visibility is around 12 noon or slightly earlier and ventilation coefficient 
shows a maximum generally an hour later. In the contrary visibility is generally low in night 
time and variations are less pronounced. Ventilation coefficient (VC) also has the similar 
trend with very low values nearly constant in time. The possible explanation for some time 
lag between maxima of visibility and VC could be due to maximum solar radiation and low 
RH during noon hours causing increase in visibility while response time to change in mixing 
height and wind speed to solar radiation could be slower.   
The conversion of SO2 to secondary pollutant as sulfate occurs via multiple pathways, including gas 
phase oxidation to sulfuric acid followed by condensation into the particulate phase. Aqueous phase 
oxidation in the presence of high relative humidity is also a possibility as shown by Kannan and 
Kapoor [4]. This sulfate serves as a CCN and helps for fog formation. A relation between relative 
humidity (RH), Sulfur dioxide (SO2) and visibility are explained through this study as demonstrated in 
Fig. 1. 

This data has also been utilized for statistical analysis revealing correlation coefficient of 0.4 
between NO2 and SO2.   Further, data is used to find linear regression amongst various 
parameters by due consideration of significance value, which is around 0.05. This satisfies the 
precondition for using these relations even in limited data set. The association between the 
meteorological parameter (visibility, RH) and air pollutants (RSPM, SO2, NO2) are examined. 
SPSS for Windows software (version 11.0) is used to fit a linear regression model. The model 
explained the variation in visibility due to RH and RSPM by the following equation 

Visibility = 5502.35 – 36.58 * RH – 3.56 * RSPM 
By the previous physical explanation from observation, it is quite obvious the relationship 
exist between RSPM with other gaseous air pollutants and visibility. To quantify this 
relationship better significance value is obtained by Log (based e) transformation for RH and 
RSPM. 
  ln (RSPM) = 3.93 + 2.84 * 10-2  SO2  - 5.5* 10-3  NO2 + 0.4 * ln (RH) 
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Fig. 1: Time series of Visibility, Sulfur-di-oxide and Relative Humidity for a period of 3rd to 
9th January’2004 
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The potential of agroforestry techniques as a forestry strategy for 
controlling atmospheric CO2 in Uganda 
Ms. Nakityo, Mary Bayiyana 
Save Our Planet Earth, P.O Box 22500 Kampala, Uganda, East Africa  
marianakityo@yahoo.com 
The first protocol to the UN Framework Convention on Climate Change (UNFCCC) was 
adopted in Kyoto in 1997. It is a unique international law instrument which sets stringent, 
legally binding targets for the reduction of emissions of the "greenhouse gases" (primarily 
carbon dioxide) which contribute to climate change. The targets are unprecedented in an 
environmental agreement and will involve substantial financial commitment in virtually all 
industrialized countries. This is also the first international agreement to include "economic 
instruments" to assist parties to meet the targets. These economic instruments, known as the 
"Kyoto Mechanisms" or the "flexibility mechanisms" are joint implementation, the Clean 
Development Mechanism, and emissions trading.  
This paper attempts some preliminary evaluation of the potential of agroforestry techniques as 
a forestry strategy for controlling atmospheric CO2 - a critical greenhouse gas, in Uganda. The 
end-use scenario was adopted that attempts to meet the wood, wood fuel, increased soil 
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carbon and related needs of the nation while mitigating climate change. The net emission 
estimate for the Forestry Sector in 2000 - the base year for the study - was 9.5 million tonnes 
of carbon (MtC). Based on this figure, projections into the year 2020 gave cumulative net 
emissions of 427.4 and 580.5 MtC at 1.3% and 2.6% deforestation rates respectively.  
However, mitigating with agroforestry techniques, assumes that 70% of the Private land in 
Uganda estimated 17.3 million ha of farmland in the country is committed to a variety of 
agroforestry systems, the results show that a total of 1530 MtC can be withdrawn from the 
atmosphere by the year 2020. The paper concludes that there is a reasonable case for the use 
of agroforestry techniques in the country, both as a means of sustaining soil productivity and 
as a strategy for mitigating climate change. 
This paper concludes that, how land-use change and forestry sector options can be used to 
mitigate global warming will depend on a variety of pending decisions regarding 
interpretation of the Kyoto Protocol, including treatment of uncertainty (Brown, 1999). In 
tropical forest countries like Uganda, the allocation of effort between plantation silviculture 
and reduction of deforestation would be influenced by the stringency of requirements 
regarding certainty. Slowing deforestation offers much greater potential benefits to carbon 
sequestration, but the certainty associated with these is much lower than in the case of 
plantations, since 70% of forests occur on private land in Uganda (Nakakawa, 2002).  
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Insights into surface/atmosphere exchange fluxes and chemical processing 
of aerosols obtained with a novel eddy covariance system based on aerosol 
mass spectrometry 
Eiko Nemitz (1) , Rick Thomas (1, 2), Gavin Phillips (1), Jose-Luis Jimenez (3), Manjula Canagaratna 
(4), Doug Worsnop (4) 
(1) Centre for Ecology and Hydrology (CEH), Edinburgh, Scotland. 
(2) The University of Manchester, U.K. 
(3) Colorado University / CIRES, Boulder, Colorado, USA. 
(4) Aerodyne Research Inc., Billerica, Massachusetts, USA. 
en@ceh.ac.uk  
The measurement of surface / atmosphere exchange fluxes of aerosols is challenging 
compared with the measurement of some gases such as CO2. Until recently the application of 
eddy-covariance methods was limited to the measurement of particle number fluxes, with no 
information on chemical composition. The handful of studies that have attempted to derive 
fluxes of individual aerosol components have been based on gradient measurements. Here we 
introduce one of the first systems, based on a fast Aerodyne Aerosol Mass Spectrometer 
(AMS), to measure surface / atmosphere exchange fluxes of nitrate, sulphate, and organic 
aerosol by eddy covariance. Applications of this setup include: 
The quantification of the contribution of aerosol dry deposition to the deposition of acidifying 
(S & N) and eutrophying (N) compounds. 
The quantification of the deposition velocity in relation to particle size and composition. 
The study of aerosol formation mechanisms and related chemical time scales above 
vegetation and urban areas. 
Some of the highlights from the application of this system above forests (pine plantation at 
Duke Forest, North Carolina & oak forest at Alice Holt, U.K.), grassland (Scottish 
agricultural grassland) and urban areas (Boulder, USA & Gothenburg, Sweden) are presented.  
The results suggest that aerosol exchange above vegetation is generally bi-directional, with 
some aerosol components being deposited and others being formed within and above the 
canopy air space. Thus, care needs to be taken when parameterisations of deposition velocities 
are derived from bulk number flux measurements. For example, the observations indicate 
NO3

- formation above agricultural surfaces, probably linked to emissions of ammonia, 
followed by reaction of nitric acid. Surprisingly, a regular diurnal pattern of sulphate emission 
was observed above the pine plantation at Duke Forest. The exact mechanism of sulphate 
formation is currently unclear, but it is likely to be linked to yet unidentified emissions of 
sulphur containing biogenic precursor gases. In addition, emission of individual organic 
aerosol markers would be consistent with aerosol production from α-pinene, while nitrate was 
continuously deposited to the pine forest at deposition velocities of 2 to 6 mm s-1. 
The urban measurements confirm that cities are a major source of hydrocarbon like organic 
aerosol (HOA) components. In addition, the measurements reveal consistent patterns of 
emissions of aerosol nitrate. As with HOA, these emissions occur in a fine aerosol mode, but, 
unlike the emissions of HOA, they vary greatly between days, with larger emissions 
associated with inversion conditions. It is possible that a build-up of precursor gases (NH3 & 
HNO3) in the urban air space favours nitrate formation during these periods. By contrast, 
urban areas appear to be a sink for oxidised aged organic aerosol and aerosol sulphate. 
However, deposition velocities of sulphate differed greatly between the two study areas. The 
measurements above Gothenburg suggest deposition velocities to urban areas of up to 20 mm 
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s-1. Since bulk number flux measurements above cities are always dominated by traffic 
emissions, these measurements with the aerosol mass spectrometer constitute the first 
estimates of urban deposition velocities derived with a micrometeorological technique. 
In summary the new aerosol flux measurement system is a powerful tool to quantify fluxes of 
individual aerosol components and to study aerosol formation mechanisms, especially when 
accompanied with simultaneous flux measurements of the aerosol precursors. 

Biomass burning aerosols and CO2 flux measurements in Amazonia 
Paulo H. F. Oliveira (1), Paulo Artaxo (1), Carlos Alberto Pires Jr (1), Aline Procópio (1),  
Joel Schafer (2), Brent Holben (2). 
(1) IFUSP – Instituto de Física, Universidade de São Paulo, Rua do Matão, Trav R 187, São Paulo, SP 
05508-900, Brazil  
(2) NASA Goddard Space Flight Center, Greenbelt, USA. 
pauloh@if.usp.br 
Every year a large amount of aerosol particles is emitted to the atmosphere during the biomass 
burning season in Amazonia, causing some important effect on the ecosystem functioning in 
the region. The interaction of these particles with the solar radiation affects the atmospheric 
radiative budget in the surface and changes the fraction between the direct and diffuse 
radiation of the solar radiation. The high cloud coverage in the region is also another 
important factor in the radiative budget in the surface. In this work, we study the effects in the 
radiative budget caused by emissions of biomass burning aerosols and clouds in the CO2 flux 
(net ecosystem exchange - NEE). We also investigate other environmental factors that 
influence these CO2 fluxes in Amazonia, as the air temperature and relative humidity. A 
variable named relative irradiance was calculated to express the amount of total solar 
irradiance that is being extinct due to the atmospheric aerosol loading and clouds in the 
region. A combined approach involving a radiative transfer model with solar radiation 
measurements was developed. Aerosol optical thickness (AOT) measurements were made 
with AERONET CIMEL sun photometers, and CO2 fluxes measurements were determined by 
eddy-correlation techniques. A forest area, (Reserva Biologica Jaru), and a pasture area, 
(Fazenda Nossa Senhora Aparecida) were the sites studied, both in Rondonia. In the forest 
area, it was observed that the NEE increases up to 50 % when the aerosol optical thickness 
varies from background values of 0.1 to high aerosol loadings of 1.2. For larger reduction in 
incident solar radiation, NEE starts to be reduced until reaching values next to zero. This 
increase of 50 % in the NEE is attributed to the increase of the diffuse radiation relative to the 
direct solar radiation. The pasture area did not show statistically significant increase in CO2 
flux measurements when AOT varies between 0.1 and 1.2. An important influence by cloud 
coverage was observed in the radiative budget and the NEE measurements. The high aerosol 
loading during burning season in Amazonia influences air temperature and relative humidity 
values for both forest and pasture area. As the large amounts of aerosol particles are 
transported for long distances, the alteration of the carbon fluxes can be occurring in large 
areas of Amazonia. 
 



162 

Overview of the U.S. Department of Energy’s amospheric radiation 
measurement program climate research facilities 
Brad W. Orr 
Argonne National Laboratory, USA 
brad.orr@anl.gov 
Through the Atmospheric Radiation Measurement (ARM) program the U.S. Department of 
Energy (DOE) has funded the development of several heavily instrumented ground stations 
for studying cloud formation processes and their influence on radiative transfer, and for 
measuring other parameters that determine the radiative properties of the atmosphere. In an 
effort to provide more research capability for the global scientific community, the DOE ARM 
Climate Research Facility (ACRF) has been designated a national user facility.  As such the 
ACRF sites are now available for use by scientists worldwide.  While the ACRF does not 
provide direct funding for scientific research, small amounts of funding may be provided to 
allow the facility to assist with logistics, the development of data streams and archiving, and 
other infrastructure activities associated with using the facility. 
Research at the ACRF sites focuses on the study of alterations in climate, land productivity, 
oceans or other water resources, atmospheric chemistry and ecological systems.  
Understanding the interactive physical, chemical, and biological processes that regulate the 
total Earth system are a significant part of this research.  Active research areas include the 
study of atmospheric aerosols, the atmospheric carbon cycle, atmospheric state variables, 
cloud properties, atmospheric radiation and surface properties. 

 
Fig 1.  Geographic location of the ACRF sites. 

ACRF has three permanent facilities located in three climatically significant regimes: tropical, 
mid-latitude continental and polar, illustrated in figure 1.  In addition to the permanent sites, 
the ARM Mobile Facility provides the Program with the capability of performing atmospheric 
measurements similar to those at the other ACRF sites for periods up to a year at a time 
anywhere in the world.  Proposals for conducting field campaigns and scientific research at 
the fixed and mobile ACRF sites are welcome from all members of the scientific community.  
An overview of the ACRF program including the instrumentation and infrastructure available 
to support research encompassed by iLEAPS will be presented. 
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Phosphorus losses in Amazon basin due to biomass burning plumes 
transport 
Theotonio Pauliquevis (1), Paulo Artaxo (1), Karla Longo (2), Saulo Freitas (2) 
(1) Institute of Physics at University of Sao Paulo (IFUSP), Brazil 
(2) Weather Forecast and Climate Studies Center, National Institute for Space Research 
(CPTEC/INPE), Brazil 
theo@if.usp.br 
Tropical rainforests reside on nutrient limited soils and depend of efficient nutrient recycling 
mechanisms to maintain its biodiversity and primary production levels [1]. In recent years, 
large areas in the Amazon Basin have been subject to land use changes, mostly by converting 
forests to pasture using biomass burning as a common tool. This wide practice of biomass 
burning releases an enormous amount of gases and aerosol particles to the atmosphere [2], 
which carry with them key nutrients to the ecosystem. The long-range transport of biomass 
burning plumes configures a mechanism of nutrient exportation to neighbor areas. 
In this study it was investigated the phosphorus losses in Amazonian due to long range 
transport of biomass burning plumes. To estimate the total phosphorus exportation it was 
combined two different methodologies. The first one was the CATT-BRAMS model [3] 
(Coupled Aerosol and Tracer Transport to the Brazilian developments on the Regional 
Atmospheric Modelling System) operationally used to monitor biomass burning emissions 
and transport in South America by the Weather Forecast and Climate Studies Center [4]. The 
CATT-BRAMS model provided the spatial distribution of aerosols from biomass burning and 
its transport modulated by the wind circulation fields. The second methodology was a precise 
determination of the emission factor of phosphorus in the fine mode aerosol particles from 
biomass burning, which was obtained by a long-term measurement of aerosol composition.  
The annual integration of total fine particulate matter exported by the Amazon Basin was 2.3 
Tg, equivalent to 19% of the total world emissions from tropical forests per year [5]. The 
measured fraction of phosphorus in the total fine particulate mass was 0.335 (± 0.032).10-3, 
meaning that the total amount of exported phosphorus was 7.3 108 g.  
The measured phosphorus input by wet deposition and integrated to the whole Amazon Basin 
area was 9.0 108g. The application of Absolute Principal Factor Analysis to the rainwater 
chemistry data set result that only 1.1 108g (12%) of this amount was due to long-range 
transport, representing the true reposition of phosphorus to the ecosystem. These data suggest 
that phosphorus exportation due to biomass burning aerosols transport is quite 7 times the 
background reposition. Since, phosphorus is a key nutrient in the Amazonian ecosystems, the 
conclusion of this study is that continuous exportation of phosphorus can have a long-term 
consequences to the forest ecosystem if biomass-burning activities maintain at the present 
level. 
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Impact of smoke aerosol from Amazonian biomass burning on South 
American atmospheric environment during September 2004 
Carlos Pires (1),  Melina Andrade Paixão (1), Paulo Artaxo (1), Enio Pereira (2), 
Brent Holben (3) 
(1) Institute of Physics, University of São Paulo, Brazil 
(2) National Institute for Space Research, Brazil 
(3) Goddard Space Flight Center, NASA, USA 
capjr@if.usp.br  
Biomass burning can produce large amounts of trace gases and mixtures of aerosol particles, 
such as soot, soluble organic compounds, sulfates, and nitrates [1,2]. The gases and aerosols 
produced by these fires play important roles in the atmospheric chemistry, cloud microphysics 
and radiation balance in the lower atmosphere. 
The study of high smoke loading cases are of interest as growth mechanisms for aging sub-
micron smoke particles, such as the rate of coagulation and gas-to-particle conversion, are in 
part dependent on the concentration of aerosols present. Therefore fine mode particle growth 
should reach a maximum at highest concentrations, given enough time for aging processes to 
act. From such studies upper limits for smoke particle size and subsequent optical properties 
can be placed [3]. 
Several works have been conducted over the last years in order to study the optical properties 
of biomass burning aerosols in the Amazon Basin, and important results were obtained about 
its effects on local and regional climate [4]. In other hand, more and more transport 
simulations have led researchers to ask about the conditions and effects of biomass burning 
aerosol after mid and long range transport over South America. 
Extensive biomass burning activities occurred in September 2004 on the Amazon Basin, 
particularly in Bolivia and in the Brazilian states of Acre, Rondonia and Mato Grosso. These 
fires released large amounts of particulates and gases into the atmosphere, resulting in adverse 
effects on regional air quality and radiation budget. Over the period from September 13 to 17, 
a smoke pollution plume from these fires was transported through Central South America 
(figure 1). 
In the present study, satellite data and ground-based radiation measurement data were 
analyzed to estimate smoke aerosol’s impact on the regional atmospheric environment over 
South America. 
Aerosol optical thickness (AOT) values obtained from AERONET (Aerosol Robotic 
Network) [5] sites over the continent and from the MODIS sensor at Terra and Aqua satellites 
were used to identify the smoke plume and to quantify the effects of this plume along the 
transport (figure 2). Within the data collected during these high AOT events, several aerosol 
optical properties were studied, such as angstrom exponent, single scattering albedo, size 
distribution and asymmetry factor, providing key information about the aerosol 
characterization. Further studies were conducted on these results, in order to observe and 
understand the effects of the smoke aerosol on the temperature vertical profile measured with 
radiosondes over the plume affected areas. 
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Fig 1. Grayscale version of MODIS true color image obtained from Terra 
(left) and Aqua (right) satellites measurements on September 15 2004. 
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Fig 2. Aerosol Optical Tkness (500 nm) measured at two South American sites 
affected by long range transport of biomass burning smoke during September 2004. 
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The role of forest fires production of carbonaceous aerosols transported to 
the upper troposphere and their effect on the atmospheric circulation 
Philip Rasch (1), Mike Fromm (2), Peter Hess (1), Gabriele Pfister (1), Gabrielle Petron (1) 
(1) National Center for Atmospheric Research, Boulder CO, USA 
(2) Naval Research Laboratory, Washington DC, USA 
pjr@ucar.edu 
The direct injection of forest fire smoke into the extratropical upper troposphere and lower 
stratosphere (UTLS) by pyro-cumulonimbus (pyroCb) convection provides a dramatic 
example of a mechanism for rapid vertical transport of radiatively active material from the 
lower troposphere. The UTLS is characterized by strong vertical stability and the tropopause 
is typically pictured as a barrier to transport. PyroCb provide one mechanism for transport 
across this barrier. Most other pathways for transport to the midlatitude UTLS require slower 
moving trajectories of exchange along isentropes from the tropics and subtropics. The much 
larger emissions of aerosol from tropical forest fires also provide a source of absorbing 
aerosol to the UTLS region but satellite observations suggest that abundant smoke does not 
rapidly penetrate the tropopause in the tropics. The differences in transport pathways are 
complicated by the substantial difference in emissions from tropical fires arising from tropical 
deforestation and disturbed forests compared to fires arising in undisturbed forests of the 
tropics and mid-latitudes.  I will describe our exploration of the role of the absorbing aerosols 
that originate from the biosphere in influencing the climate system.  

Mineral dust, sea-salt and anthropogenic sulphate: chemical interactions in 
the MBL over bay of Bengal 
Rastogi Neeraj, Sarin Manmohan, Sudheer Athiyaratha Krishnan 
Physical Research Laboratory, Ahmedabad, India. 
nrastogi@prl.ernet.in 
A systematic study on the water-soluble constituents (Fig. 1a) of ambient aerosols has been 
carried out over the MBL of Bay of Bengal (BOB), during the late N-E monsoon (Feb-Mar 
2001 and 2003) to characterize the atmospheric chemical composition of the long-range 
transport of air pollutants from South Asia. During this season, the northeasterly winds are 
persistent and convective mixing over the continent source region is suppressed by prevailing 
winter conditions. For the time-period that we consider, the chemical composition of bulk-
aerosols suggests the dominance of nss-SO4

2- (range: 2.2 to 15.3 µg m-3) followed by Na+ 
(range: 0.13 to 4.7 µg m-3), nss-Ca2+ (range: 0.08 to 1.99 µg m-3), NH4

+ (range: <0.01 to 2.3 
µg m-3) and NO3

- (range: 0.01 to 3.0 µg m-3); and that their inter-annual variability is 
insignificant (Fig. 1a). The dominant influence of anthropogenically derived SO4

2- is also 
reflected in wide-spread Cl- depletion from the sea-salts (range: 26 to 99%) as well as from 
insignificant contribution of HCO3

- to the ionic balance; thus suggesting that chemical 
interactions involving mineral dust, sea-salts and nss-SO4

2- (as given below) have significant 
effect on the chemical composition of atmosphere. 
  2NaCl (s, aq) + H2SO4 (aq, g)  => Na2SO4 (s, aq) + 2HCl (g) 
  CaCO3 (s) + H2SO4 (aq, g)  => CaSO4 (s) + CO2 (g) + H2O (aq) 
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Fig 1. (a) Water-soluble constituents in ambient aerosols over the MBL of the Bay of Bengal (BOB) 
during Feb-Mar 2001 and 2003; suggesting the dominance of anthropogenic aerosols (SO4

2-). (b) 
Uptake of nss-SO4

2- by mineral dust and sea-salt aerosols suggests that ~50% of it is converted into 
coarse mode. Bar length and error bar represent mean value and standard deviation, respectively. 

Based on the mass balance approach, it is estimated that neutralization of anthropogenic SO4
2- 

by (NH4
+ + nss-K+), mineral dust and sea-salts follow the trend as (32 ± 20%), (18 ± 10%) 

and (34 ± 22%) respectively; with remaining nss-SO4
2- as 16 ± 11% (Fig. 1b). It suggests that 

because of this loss of SO2 on aerosol particles and transformation into coarse mode would 
substantially change the CCN concentration in the MBL. 
Analysis of future climatic impact of growing SO2 emissions that do not take into account the 
chemical interaction of sulphate on soil dust and sea-salt particles may thus substantially 
overestimate the climate cooling effect of SO2 emissions in several regions of South and 
Southeast Asia. 

Transboundary air pollution in the Amazonia region of Peru 
Luis Fernando Suarez Salas (1) (2), Luis Castillo Lino (1) and Madeleine Marin (1) 
(1) Air Quality Research and Management Group, National University of the Center of Peru, 
Huancayo, Junin, Peru 
(2) Department of Atmospheric Sciences, Research Institute for Technological Development, 
ININDETEC, Jr. Julio C. Tello 246, El Tambo, Huancayo, Peru 
doctorozono@yahoo.com 
Biomass burning in the tropics is an important source of pollution to the atmosphere with 
different and not well understood consequences to the climate and the atmospheric chemistry. 
Burning in Amazonian region is related mainly to land use cover change. During the dry 
season high amount of fires are produced in Amazonia, this could have severe impacts in 
climate and atmospheric chemistry. These primary pollutants under some conditions could 
produce tropospheric ozone that reaches long distances far from the sources. The same will 
occur with aerosols that could be detected by ground measurements. 
We focus the transboundary air pollution between Peru and Brazil during the last years. A 
pollution that is poorly characterized and not well understood. In this sense in a cooperative 
effort between academic and private sector this research determines the seasonal variations 
and the spatial coverage of this pollution. We uses satellite data and ground measurements to 
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Fig 1: Amplitudes of annual seasonal cycles of 
observed atmospheric CO2 concentration (ppm) 
and associated trend at Barrow, Alaska.  
Amplitude is annual maximum minus minimum 
CO2 concentration.  The trend is statistically 
significant. 

make a detailed evaluation of the transport and production of pollutants (tropospheric ozone 
and aerosols) over the Amazonia region of Peru related to biomass burning in order to 
quantify the levels of pollution. Also we evaluate the climatology of fires in the Peruvian 
region. 
It is expected that the results will provide basic information to policy makers about possible 
effects of this pollution in climate and the natural resources of Peru. Also we will propose the 
basis for the implementation of inter-institutional agreement the National Program for 
Prevention of Forest Fires. 

References 
[1] P. J. Crutzen and J. Lelieveld, 2001, Annu. Rev. Earth Planet. Sci., 29, 17-45. 
[2] M.O. Andreae and P.J. Crutzen, 1997, Science, 276, 1052-1058. 
[3] S. Chandra, et al., 2002, J. Geophys. Res., 107(D14), doi:10.1029/2001JD00044. 

The winter arctic oscillation, the timing of spring, and carbon fluxes in the 
northern hemisphere 
Kevin Schaefer(1), A. Scott Denning (2), and Owen Leonard (3) 
(1) Climate Monitoring Division (formerly CMDL), NOAA, 325 Broadway, Boulder, CO 80305  
(2) Department of Atmospheric Science, Colorado State University, Fort Collins, CO 
(3) Hewlett Packard Corporation, Vancouver, WA 
kevin.schaefer@noaa.gov 
The seasonal amplitude of observed 
atmospheric CO2 has increased [1], as 
illustrated by observed annual amplitudes of 
atmospheric CO2 concentration at Barrow 
Alaska (Figure1).  The high northern 
latitudes show trends towards increased 
temperatures and earlier spring [2].  Also, 
the Arctic Oscillation (AO), the dominant 
mode of atmospheric variability in the 
Northern Hemisphere, shows a trend 
towards positive polarity dominated by 
statistically significant trends in January 
and February (Figure 2).  The AO trend can 
statistically explain a large fraction of the 
observed temperature trends in winter [3], 
but the trends towards earlier springs and 
increased seasonal amplitudes in 
atmospheric CO2 remain unexplained. 
We hypothesize that warmer winter 
temperatures due to the positive trend in the 
winter Arctic Oscillation (AO) can explain observed trends towards earlier spring and 
increased seasonal amplitudes in atmospheric CO2.  To test this hypothesis, we modeled 
leafout using a thermal sum model and terrestrial carbon fluxes using the Simple Biosphere 
model, Version 2 (SiB2) and the National Centers for Environmental Prediction (NCEP) 
reanalysis for 1958-2002.   
Warmer winter temperatures associated with positive AO polarity results in earlier springs in 
the eastern United States and northern Europe.  Modeled leafout and associated trends were 
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Fig 2: The monthly average Arctic Oscillation (AO) index 
and associated trend based on the first principle 
component of sea level pressure from the NCEP 
reanalysis.

consistent with observed phenology and the winter AO trend can statistically explain 20-70% 
of modeled leafout trends in the eastern United States and northern Europe [4]. 
Winter temperature trends resulting from a positive trend in the winter AO simultaneously 
increased modeled winter respiration and spring uptake of atmospheric CO2 by plants.  
Positive AO polarity in winter increases the soil temperatures in the southeast United States 
and much of Eurasia, increasing winter respiration.  Positive JFM AO polarity also advanced 
the date of leafout, resulting in a longer growing season and a greater spring drawdown.  
These seasonally asymmetric trends can help explain the trend towards increased seasonal 
amplitudes in observed atmospheric CO2 concentration [4]. 
The effects of climatic trends appear to cut across time scales.  Here, we show that a trend in 
synoptic variability (the AO trend) can partially explain trends in seasonal dynamics (spring 
and atmospheric CO2 trends).  The long climate memory of the land-biosphere system 
integrates noisy weather input over 
time to produce such time-delayed 
responses.  In this case, the plant 
buds integrate the noisy 
temperature signal to determine the 
timing of budburst.  Lastly, our 
work indicates that changes in 
atmospheric circulation rather than 
direct global warming can partially 
explain observed trends towards 
earlier springs and increased 
seasonal CO2 amplitudes.  The 
winter AO trend may result from 
global warming, stratospheric 
ozone loss, or both, but may also 
result from natural long-term 
variability in the atmosphere 
circulation.   

References 
[1] C.D. Keeling et al., 1995, Nature, 375(6533), 666-670. 
[2] M. Serreze et al., 2000, Climatic Change, 46(1-2), 159-207. 
[3] D. Thompson et al., 2000, J. Clim., 13, 1018-1036.  
[4] K. Schaefer, 2005, Global Biogeochem. Cycles, 16(4), doi: 10.1029/2002GB001928. 

Aerosol landbiota interaction in Central India 
Saroj Sharma, Heera Lal Dewangan, Nitin Kumar Jaiswal  and Khageshwar Singh Patel  
School of Studies in Chemistry, Pt. Ravishankar Shukla University, Raipur-492010, India 
patelsing@satyam.net.in 
About half of the global aerosol burden is the result of human activity. However, they are 
much more in the industrial city and greatly influence the climate.  The coarse aerosol 
particles are rapidly deposited on the ecosystem. They force to change chemical composition 
of the water, surface soil, plants, etc. Airborne pollution causes respiratory diseases such as 
allergy, sinus, and asthma. Polluted air is becoming more and more visible on the horizon. 
Many people in the population already suffer with asthma and other forms of respiratory 
disease. Steel plant is one of major source for air pollution in Asia.  A steel plant of capacity 
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(4.9 MT hot metal) located at Bhilai (about 30 kilometer away from Raipur, capital of newly 
born state Chattisgarh, India) is selected for this study.  A huge amount (> 10 MT/year) of 
raw materials i.e.  iron ore , lime stone, coal, etc. is consumed to produce ≈ 4.9 MT hot metal. 
The pollutants such as some heavy metals are known human carcinogens, are present in the 
steel plant effluents. The heavy metal (i.e. As, Se, Cr, Mn, Co, Ni, Cu, Zn, Pb, Hg) contents in 
the aerosols, surface soil and common plants are determined.  The levels of coarse and fine 
particles in ambient air, their chemical composition and impact on the water, surface soil and 
biota are discussed.   

Impact of land use change and heat islands on micro-climate vulnerability 
in Delhi region 
Singh  R.B. 
Department of Geography, University of Delhi, Delhi-110007, India. 
rbsgeo@hotmail.com 
Risks related to climate change are likely to increase manifold in  Indian mega cities due to 
unprecedented large-scale migration of rural people. This brought  significant changes in the  
land use and cover change. The paper attempts to identify the carbon generating activities in 
Delhi that have amassed the concentration of carbon over its atmospheric surroundings and 
further suggests the various afforestation programmes that would help in carbon 
sequestration. Carbon gases are emitted practically by all sectors, including residential, 
industrial processes, electricity generation, and emissions from vehicles and the thermal 
power plants in the city. The main issue here is how Delhi’s Land Use and Land Cover 
Change has put pressure on the forest and tree cover through deforestation for conversion to 
various urban infrastructure like metro, flyovers, buildings, and other non-sustainable forest 
extraction. All these have led to a change in the micro-climatic conditions of Delhi and its 
temperature is increasing. In 1951, the country's urban population was around 62 million 
distributed over 3030 settlements. A trend analysis made by HUDCO projects that India's 
urban population  will rise to 40 percent level during 2020-21. Analysing spatial scenario of 
the levels of air pollution concentration in Delhi,  it has been noted that the pattern of spatial 
levels of air pollution concentration varies from high to low concentration in several industrial 
areas.  Shahzada bagh and Shahdara  (industrial areas)  are  characterized by very high 
concentration of air pollution.  But Nazafagrah Road (industrial area) has low concentration 
of air pollution.  The rest localities reveal medium heavy concentration of air pollution . The 
old concept of segregated land use and environmental management has been replaced with 
mixed land use planning and multifunctional uses. The core area of city exhibit warm pockets 
due to the thermal radiation emissions. Different types of surfaces in Delhi like green areas, 
concrete roads, tar roads, built-up areas are found to be responsible for the formation of 
several heat islands.   
Analysis of micro-climate data, it is found that the city experienced increase in temperature. 
There are the risks related to industrialization and electricity generation through thermal 
power with large health and environmental risks by bringing change in the micro-climate  and 
the environment by noxious and microbiological agents. The micro-climate also influences 
the monsoon system. Seasonal flooding during the heavy wet spells of the monsoon is an 
annual occurrence in Delhi. Although the high intensity of tropical monsoon rains is the 
primary cause of such flooding, the drainage system is thoroughly unsatisfactory. Thus, the 
worst sufferers are the slum dwellers living in the city centre vulnerable to risks. Persistent 
urban poverty underlines the pattern of people’s vulnerability. Population density is high and 
often higher in old parts of the city or in squatter settlements. As rapid urban development 
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changes local ecosystem, disasters can result. A shortage of appropriate drainage systems, 
squatter encroachments on waterways, and insufficient planning has made cities vulnerable to 
flash floods. The use of concrete has changed the ability of soil to absorb water, leading to 
flash floods.  
The forestry sector provides a number of climate change mitigation options. The Ridge forest 
in Delhi is one of the world’s largest city forests and this natural vegetation of Delhi is 
botanically described as a ‘Scrub forest’. In 2003, Delhi’s total forest and tree cover 
constituted about 268 sq.km., which is about 18.07 per cent of the state’s geographic area. 
This is a remarkable increase in the forest cover from 15 sq. km. in 1987 to 170 sq. km. in 
2003. There is a need for environmental zoning and constraints on land uses in the 
metropolitan region and the economic activities should be regulated in accordance with such 
zoning. Integrated Urban Management will facilitate cross-sectoral and cross-governmental 
participation while delegating responsibilities to local governments and communities in order 
to evolve coping and adoptive strategies. 

Life cycle assessment of biogenic organic emissions and impacts on air 
quality in South Africa 
Miles Sowden,  Mark Zunckel  
Council for Scientific and Industrial Research (CSIR), South Africa 
msowden@csir.co.za 
Historically, air quality management efforts have focused on industrial and vehicle emissions 
and emissions from domestic coal burning as sources of air pollution in South Africa.  Only 
recently has the importance of biogenic emissions, been recognized. Research initiatives such 
as the SAFARI Regional Science Initiative [1] and the Cross Border Air Pollution Impact 
Assessment Project (CAPIA) [2,3] have further highlighted the importance of natural 
emissions as contributors to the atmospheric composition in the region. 
.South African National Air Quality Management Act (Act 39 of 2004) requires that air 
quality be managed in a holistic manner, hence an understanding the biosphere/atmosphere 
interactions at a regional scale is essential to manage air quality comprehensively in the 
southern African region.  This Act shifts the focus from the emissions-control philosophy of 
the old legislation (Atmospheric Pollution Prevention Act (Act 45 of 1965)), to one that 
prioritizes the quality of the receiving environment. Understanding all pollution sources, 
including natural sources, their reactivity and the chemical formation of secondary pollutants, 
is thus necessary to ensure appropriate management of impacts and implementation of 
mitigation strategies. 
An understanding of the chemical fate and transport of BVOC’s and their reaction products is 
a key component of the life cycle assessment of BVOC’s in southern Africa.  Factors such as 
the inter-annual variation in atmospheric circulation patterns over southern Africa, low 
rainfall periods, ambient temperature and irradiance will influence emissions and the chemical 
fate of BVOC’s, and in turn, have effects on the resultant atmospheric chemistry.  This paper 
identifies the current state of biogenic ozone knowledge in South Africa and details a project 
that is underway to improve and broaden that knowledge. 
[1] H.J. Annegarn, L. Otter, R.J.Swap and R.J. Scholes, 2002, South African Journal of Science, 98, 

111-113 
[1]A.M. van Tienhoven, M. Zunckel., L.D. Emberson., A. Koosailee, and L. Otter, 2005: submitted, 

Atmospheric Pollution, in press. 
[2] M. Zunckel, A. Koosailee, G. Yarwood, G. Maure, K. Venjonoka, A.M. van Tienhoven and L. 

Otter, 2005, Journal of Environmental Modelling and Software, in press. 
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The effects of climate change on biogenic VOCs and regional air quality in 
California 
Allison Steiner (1), Shaheen Tonse (2), Ronald Cohen (3), Allen Goldstein (1), Robert Harley (4) 
(1) Department of Environmental Science, Policy and Management, University of California, 
Berkeley, CA, USA 
(2) Lawrence Berkeley National Laboratory, Berkeley, CA, USA 
(3) Department of Chemistry, University of California, Berkeley, CA, USA 
(4) Department of Civil and Environmental Engineering, University of California, Berkeley, CA, USA 
asteiner@nature.berkeley.edu 
We investigate the impacts of future climate change on biogenic VOC emissions in California 
and their effects on regional air quality.  For present-day simulations, we utilize a detailed, 
California-specific emissions inventory system (BEIGIS) to estimate isoprene, monoterpene, 
and methylbutenol fluxes.  We use these emissions in a five-day air quality simulation using 
the Community Multiscale Air Quality Model (CMAQ) during a summer ozone episode in 
2000.  For the future climate scenario, we use projected temperatures from an ensemble 
2xCO2 regional climate model run to calculate biogenic emissions under an increased 
temperature scenario, causing emissions to increase from 20-30% along the coast and in the 
Central Valley, and up to 45% in the Sierra Nevada mountains.  These increases in biogenic 
VOC emissions cause the daily maximum ozone to increase up to 2 ppb along the coastline 
and in the Central Valley, while ozone in the VOC-rich Sierras decreases slightly (~1 ppb).  
The greatest impact on ozone occurs in the East Bay region, where increased biogenic 
emissions increase ozone up to 4 ppb due to high NOx emissions and an increase in HOx 
cycling. 

Leipzig Aerosol Cloud Interaction Simulator (LACIS): A tool to study 
hygroscopic growth and activation of aerosol particles 
Frank Stratmann, Heike Wex, Alexei Kiselev, Silvia Henning, Jost Heintzenberg 
Leibniz Institute for Tropospheric Research, Leipzig, Germany 
The Leipzig Aerosol Cloud Interaction Simulator (LACIS) is a unique facility to study 
aerosol particle and cloud interactions 1. It allows the investigation of processes such as 
particle hygroscopic growth, activation, and ice nucleation. 
LACIS consists of laminar flow tube with thermostated walls. The length of the flow tube can 
vary from 0.5 up to 8 m, depending on the desired time scales for different experiments. 
Thermodynamic conditions inside LACIS are controlled with extremely high accuracy. 
The generated aerosol particles pass through a neutralizer and then enter a Differential 
Mobility Analyzer (DMA) which extracts a quasi-monodisperse fraction of aerosol particles. 
Downstream of the DMA, the actual particle number concentration is determined by means of 
a condensation particle counter. The remaining aerosol flow is led through a saturator in 
which the aerosol is saturated with water vapour and particles are hydrated. Particle-free 
sheath air is passed through a second saturator. At the inlet of LACIS, aerosol and sheath air 
are combined such that the aerosol is surrounded by a laminar flow particle-free sheath air.  
The wall temperature of LACIS itself is adjusted by means of a counter-flowing water jacket. 
An especially designed optical particle spectrometer can be mounted along the LACIS-tube 
and allows measuring of the particle / droplet sizes in-situ. From this, the growth factors and 
growth rates and eventually the phase state can be determined. In the near future a number of 
these particle spectrometers will be available. 
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LACIS can be operated under both, sub-saturated and super-saturated conditions. Relative 
humidities up to 99% (sub-saturated) and super-saturations down to 2 ‰ can be adjusted 
reproducibly. In the near future, investigation of time scales up to 60 s will be possible. 
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Fig. 1: Schematic of the Leipzig Aerosol Cloud Interaction Simulator (LACIS) 

To document feasibility and accuracy of LACIS, Fig. 2 shows hygroscopic (left) and 
activation (right) of 130 nm and 50 nm NaCl particles, respectively. In addition, the results of 
theoretical calculations carried out using the CFD-code FLUENT together with the Fine 
Particle Modell (FPM) 2 are given (solid lines). 
 

 
 
Fig. 2: Particle diameters and growth factors as observed in LACIS regarding hygroscopic growth 
(left) and activation (right) of 130 nm and 50 nm NaCl particles, respectively. 

For urban (Leipzig, Germany) aerosol particles, both, the hygroscopic growth (dry particle 
sizes 150 nm, 300 nm, and 350 nm, relative humidity 98% and 99%) and the activation 
together with subsequent dynamic growth (dry particle size 75 nm) as function of maximum 
super-saturation, were investigated. Measured growth factors (hygroscopic growth) and 
particle diameters (activation and growth), are shown in Fig. 3.  
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Fig. 3: Growth factors (hygroscopic growth) and particle diameters (activation and growth) 

As can be seen from Fig. 3 (left), particles with dry diameters of 300 and 350 nm have 
comparable growth factors. The measured growth factors are more similar to those of 
ammonium sulfate (solid lines) for the larger particles (300 and 350 nm dry diameter) than for 
the smaller ones (dry diameters of 150 nm). Fig. 3 (right) illustrates the activation behaviour. 
From the particle/droplet size measurement, a critical maximum super-saturation of 5 to 5.2 
‰ was found. 
The above results indicate that LACIS is a powerful tool to investigate the growth of aerosol 
particles into cloud droplets. Its suitability and functionality for measurements at super-
saturation and at sub-saturation has been proven. Current research topic is the activation of 
well defined aerosol particles to cloud droplets, i.e., the hygroscopic and dynamic growth of 
aerosol particles consisting of single components and various combinations of inorganic and 
organic materials including soot. In the future investigations will also focus on ice nucleation 
e.g., evaporation freezing. 
[1] Stratmann F., et al. (2004). J. Atmos. Oceanic Technol., 21, 876-887 
[2] Particle Dynamics, 2003: FPM 1.0.1 users guide, Tech. rep., Particle Dynamics GmbH 
[3] Tang, I. N., (1996) J. Geophys. Res. 101 (D14), 19245-19250. 

Biogenic aerosol formation in the northern and southern hemispheres 
Tanja Suni (1), Helen Cleugh (1), Ray Leuning (1), Steve Zegelin (1), Dale Hughes (1), Eva van Gorsel 
(1), Mark Kitchen (1), Richard Hurley (1), Timo Vesala (2), and Markku Kulmala (2) 
(1) CSIRO Marine and Atmospheric Research, GPO Box 1666, Canberra ACT 2601, Australia 
(2) Division of Atmospheric Sciences, PO Box 64, FIN-00014 University of Helsinki, Finland 
Tanja.Suni@csiro.au 
Atmospheric aerosol consists of liquid or solid particles suspended in air, with particle 
diameters ranging from nanometres to micrometres. Their sources can be anthropogenic such 
as industry and traffic or biogenic such as oceans, deserts, and vegetation. Aerosol particles 
can cool the climate directly by reflecting sunlight back to space and indirectly by forming 
cloud droplets. The contribution of biogenic aerosols to cooling the climate is still unclear – 
largely because the amount of particles produced in forests is unknown. Forests have an 
important role as sources of new particles because they produce BVOCs (Biogenic Volatile 
Organic Compounds) such as mono- and sesquiterpenes that undergo rapid reactions with 
atmospheric oxidants. The oxidation products have low volatility and readily take part in 
aerosol formation by condensing on small, pre-existing inorganic nuclei and possibly even by 
nucleating directly from gas to form full particles [1,2,3,4]. The role of forests in slowing 
down global warming is, therefore, twofold: on the one hand, forests remove climate-warming 



176 

CO2 from the atmosphere and on the other hand they produce climate-cooling aerosol 
particles.  
CO2 fertilization is likely to lead to increased photosynthesis and forest growth. This should 
increase forest biomass and emissions of BVOC’s and thereby enhance organic aerosol 
production and, consequently, slow down global warming [5]. The Intergovernmental Panel 
on Climate Change (IPCC) emphasised the importance of such interactions among gases, 
aerosols, and climate [6]. Knowledge of these connections would reduce the uncertainty in 
current estimates of radiative forcing and enable a better prediction of the effects of 
anthropogenic activity on global change. 
Aerosol production in forests has been studied about a decade in the Northern Hemisphere, 
mainly in boreal and temperate climates [7]. During this time, the Division of Atmospheric 
Sciences in the University of Helsinki has observed formation of new particles about 40 – 100 
times a year in a Scots pine forest in Hyytiälä, southern Finland (Fig. 1, left). It is likely that 
the magnitude and seasonality of aerosol production varies significantly with latitude and 
ecosystem type. Particularly, the air masses, climate, vegetation, and BVOC emissions in the 
Southern Hemisphere are very different from those at boreal sites, which should have a clear 
effect on particle formation. These features can be determined only by means of long-term 
field measurements, but so far no continuous particle formation measurements have taken 
place in the native forests of the Southern Hemisphere at all [7]. Our project is the first to 
study biogenic aerosol production in the Southern Hemisphere in an Australian Eucalypt 
forest. Our measurements with an Atmospheric Ion Spectrometer (AIS) started in July, 2005, 
and we now have positive results confirming frequent biogenic aerosol formation at our site in 
Tumbarumba, South-East Australia (Fig. 1, right).  

 
Eucalypt forests grow very rapidly and are among the world’s most efficient BVOC-emitters. 
Thus, it is possible that the role of Eucalypt forests in global biogenic aerosol production is 
relatively very significant. Eucalypts thrive in various environments and they are already 
being planted around the world (Mediterranean countries, Africa, South America) because of 
their rapid growth and fine wood production. If it turns out that Eucalypt forests have a 

Figure 1. New particles form in Hyytiälä in May, 2000 (left) and in Tumbarumba in July, 2005 (right).  
x-axis: time (24 h), y-axis: particle diameter (red = large concentr., blue = low concentr.). Observe 
typical pre-existing aerosol in the size range of 10 to 100 nm (Aitken mode). The AIS in Tumba 
measures smaller particles (0.5 – 40 nm) than the DMPS in Hyytiälä (3 – 500 nm) and reveals also the 
band of ions below 2 nm. At midday, new small particles start to grow from the ion band into the 
Aitken band. From here, they can go on growing into cloud droplets. 

Aitken mode 

Ion band 

Aitken mode 
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significant role in cooling the climate, their planting may become even more important in the 
future. 
Comparing results obtained in Australia and Finland will give us new information about 
factors driving aerosol production in forests. These factors may include air mass type, solar 
radiation, turbulence, temperature, and the characteristics of the forest’s BVOC emissions. 
The results of this project are a step towards determining the contribution of forests to the 
global aerosol load, which is essential for the parameterisation and validation of climate 
models. 
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High aerosol loadings over the boreal forest maintained by terpene 
emissions? 
Peter Tunved (1), Hans-Christen Hansson (1),  Veli-Matti Kerminen (2), Markku Kulmala(3), Johan 
Ström (1), Heikki Lihavainen (2), Yrjö Viisanen (2), Miikka Dal Maso(3), Pasi Aalto (3) 
(1) Department of Applied Environmental Science (ITM), University of Stockholm, Sweden 
(2) Finnish Meteorological Institute (FMI), Helsinki, Finland. 
(3) University of Helsinki, Helsinki, Finland. 
hc@itm.su.se 
Particle formation events are frequently being observed over boreal Scandinavia. Although 
the mechanisms responsible for the formation and growth of these particles are yet to parts 
uncertain, sulphuric acid is believed to posses a key role in the initial formation of nano-meter 
sized clusters. However, as the concentration of sulphuric acid rarely reaches high enough 
concentrations to sustain observed growth rates, other condensable compounds are a necessity 
to get closure between theory and observations. Organic constituents comprise a large fraction 
of the aerosol burden globally (1) and there is growing evidence that naturally emitted 
terpenes significantly contribute to gas-to-particle formation (2). The mechanism likely 
includes formation of condensable product from gas phase oxidation of terpenes, i.e. mono- 
and dicarboxylic acids. Similar compounds, or polymers thereof (3), could posses a low 
enough vapour pressure to support significant gas-to-particle formation rate in remote regions 
characterised by the boreal environment. 
Several studies of aerosol number size distribution data from stations in Sweden and Finland 
have been performed (4, 5). Different approaches have been used to study the influence of 
emissions from the boreal forest. Either Lagrangian supported with detailed process models or 
by relating the time spent over land with typical observed features of the aerosol size 
distribution we are able to indirectly map the changes in size distribution properties. Based on 
an approach described by (6) and references therein, accumulated mono-terpene emissions 
were estimated for each transport occasion.  
The evolution of the size distribution as the marine to continental transition exhibit a 
straightforward relation to the time spent over land. The lowest average diameter is initially 
20 nm. During the following 54h the mode grows up to 90nm. This corresponds to a growth 
rate of approximately 1.3nm/h. This pattern closely resembles the observed features of single 
nucleation events. This indicate that nucleation event partake in the aerosol number increase 
during marine to continental transition of air-masses. The features are not consistent with 
primary emissions of small particles. The marine-to-continental transition includes a 
significant change in source profiles resulting in accumulating mass and number 
concentrations.  This process is likely supported by natural emissions of terpenes.  These 
observations are directly supported by the Lagrangian studies showing the how nucleation and 
subsequent growth by organics dominates the Artic air masses when transported south over 
the Nordic countries, while only contributing to the mass when southerly air masses are 
transported north over the same area (7, 8).  
This means that the forest at high latitudes over Scandinavia typically can support a “steady 
state” aerosol population representative for the typical natural source in this region.  
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Simulation research of radiative forcing and climate responses of black 
carbon aerosol in spring season over East Asia region 
Jian Wu(1)(2), Congbin Fu(1) 
(1) Key Laboratory of Regional Climate-Environment Research for Temperate East Asia, Institute of 
Atmospheric Science, Chinese Academy of Sciences, P. R. China 
(2) Department of Atmospheric Science, Yunnan University, P. R. China 
wujian@ynu.edu.cn 
The distribution of black carbon (BC) aerosols due to anthropogenic and biomass burning 
emission over East Asia region and their radiative effects with climate off-line and on-line 
during the spring time from year 2000 to 2004 have been simulated. In simulations with 
climate off-line, three main column burden regions, namely the Indian peninsula, the Indo-
China peninsula, and the east of China, have been revealed. The column burden over these 
three regions exceeds 1mg/m2. Pollutant from Indian peninsula can be transported into China, 
and affects the zonal region between 25-30ºN in mainland China. Emission from the Indo-
China peninsula can contribute to the colume burden in south of 25ºN over China. The 
maximum horizontal flux of BC from Indo-China peninsula emerges in a level between 850-
700hPa. BC from the east and north-east of China can pollute Korea peninsula and Japan due 
to the easterly wind. The inward flux of BC is larger than outward flux over China. It has 
more significant effect to the west and south of China than to the north due to the emission 
from other neighbor countries. 

 
Fig. 1  Column burden (shade, mg·m-2) and horizontal transport flux (stream line)：(a) Column 
burden and column averaged horizontal transport flux of total emission; (b) Column burden of 
biomass burning emission and averaged horizontal transport flux between 850~700 hPa. 
With the assumption of climate off-line, BC aerosol increases the net downward radiative flux at TOA 
in both clear and all sky, but decreases it at the surface. The change over the Si Chuan basin area can 
be 4W/m2 to the TOA flux, and -5.5W/m2 to the SRF flux.  
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In the other set of experiments, the climate responses to BC aerosol have been simulated, and 
the radiative forcing with climate on-line and surface temperature change have been analyzed. 
The distribution patterns and the values of clear sky radiative forcing are similar under the 
condition of with climate off-line and on-line, but all sky radiative forcing are different due to 
the variations in the cloud field. Cloud coverage and cloud water path are two important 
factors influencing the direct effects of BC aerosols to the radiative forcing. The decreased 
cloud coverage in the India Semi-continent, in the south of the Yangtze River of China, and in 
most regions of Indo-China peninsula and Chinese South Sea can affect dramatically the 
radiative fluxes, which results in positive radiative forcing over these regions. On the other 
hand, the cloud coverage increases over the low reaches of the Yangtze River and part of 
northern China. 
 

 
Fig. 2 Latitude-Pressure section of BC transport flux (ng·kg-1·m·s-1): (a) 105ºE; (b) 125ºE 

Changes of the cloud water path are mainly located to the south of 10ºN. BC aerosols have 
more prominent effects on the cloud water path in convective clouds than in stratiform clouds.  
Changes in the cloud coverage and the cloud water path influence the distribution and the 
value of the radiative forcing in regions north of 10ºN. Changes in cloud water path are also 
responsible to the small centers of radiative forcing in regions south of 10ºN. BC aerosols 
decrease the surface temperature over 0.4K in mainland China except Tibet plateau, and 
increase it in the east and south of India, Tibet plateau and the Indo-China peninsula. BC 
aerosols induce excessive absorptions in the atmosphere especially in the low levels, which 
can lead to the temperature increase in the lower atmosphere. The temperature difference 
between the surface and lower atmosphere is reduced, so is the net surface sensible heat flux. 
The main reason of surface temperature decrease, however, is not due to the excessive surface 
sensible heat flux. 
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An estimate of biomass burning in mainland China 
Xiaoyuan Yan (1), Toshimasa Ohara (2), and Hajime Akimoto (1)  
(1) Frontier Research Center for Global Change, Japan Agency for Marine-Earth 
Science and Technology, Shaowa-machi, 3173-25, Yokohama, Japan 
(2) National Institute of Environmental Sciences, Onogawa 16-2, Tsukuba, Japan 
yanxy@jamstec.go.jp 
Biomass burning has been considered as an important source of atmospheric trace species and 
has significant impact on global atmospheric chemistry. Trace gases and aerosol emission 
from China has been of particular concern due to the fast economic growth in the past two 
decades. China has a large rural population with biofuel (crop residue, fuelwood) being their 
major energy source. However, the rapid economic development has increased rural access to 
commercial energy, and the share of biofuel is decreasing. As a result, crop residue is 
increasingly being burned on fields. On the other hand, economic growth benefits the control 
of wild fire (forest and grassland fire).  
To access the contribution of 
biomass burning to the 
emissions of atmospheric 
trace species in China, we 
estimated various biomass 
burning activities using 
statistical data, survey data, 
expert estimates and satellite 
dataset. Fuelwood, crop 
residue burned as fuel and in 
fields are the major sources of 
biomass burning in China. For 
fuelwood consumption, no 
independent data is available 
except official statistics. By 
compiling information from 
various expert estimates in 
journal papers, we estimate 
that on average, 24.4% of the 
total crop residue was burned 
for fuel in 2000, and another 
19.4% burned in fields. Statistical data showed that forest fire occurrence in China had 
dramatically decreased since 1980s (Fig. 1), however, satellite detected forest fire area in 
2000 was 13 times that of statistics [2]. Grassland fire was a minor source of biomass burning 
in China.  
Using satellite data for forest and grassland fires, we compared the emissions from open 
burning and biofuel to those from other anthropogenic sources for some species [1]. Fig. 2 
shows that biomass burning contributed far more OC emission than fossil fuel combustion. 
Biomass burning was also important source of NMVOC, BC and CO emissions. CO2 
emission from biofuel was estimated to be 485 Tg, about 13% of that from fossil fuel, but this 
is not a net CO2 source as it is renewable. Biomass burning is relatively minor source NOx, 
CH4, NH3 and SO2 emissions. 
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Fig. 1 Historical forest and grassland fire in China. Data 
were compiled from a historical forest fire dataset 
(http://disg.eq-igl.ac.cn/), China Forestry Yearbook 
1998-2003 [3] and Environmental Bulletin of China, 
1995-2003 [4]. 
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To discuss the uncertainties in biomass burning emissions, we take CO as an example. 
Uncertainties stem from two sources, i.e., the amount of biomass burning and emission factor. 
We characterized  the variability in each biomass burning activity and the corresponding 
emission factor bases on out best guess and ran 20,000 Monte Carlo simulation using Crystal 
Ball 7.0 software to estimate CO emission. The results showed that uncertainties in CO 
emission factors, especially for field burning of crop residue, contributed much more to the 
variance than those in activity data, suggesting the importance to narrow the uncertainty range 
of emission factors. 
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Impact of desert dust radiative forcing on Sahel precipitation 
Masaru Yoshioka (1)(2)(3), Natalie M. Mahowald (1)(2)(3), Andrew J. Conley (3), William D. Collins 
(3), David W. Fillmore (3)(4), and Charles S. Zender (5) 
(1) Donald Bren School of Environmental Science and Management, University of California, Santa 
Barbara, Santa Barbara, California, USA. 
(2) Institute of Computational Earth System Science, University of California, Santa Barbara, Santa 
Barbara, California, USA. 
(3) Climate and Global Dynamics Division, National Center for Atmospheric Research, Boulder, 
Colorado, USA. 
(4) Program in Atmospheric and Oceanic Sciences, University of Colorado at Boulder, Boulder, 
Colorado, USA. 
(5) Department of Earth System Science, University of California, Irvine, Irvine, California, USA. 
yoshioka@ucar.edu 
The role of direct radiative forcing of dust in causing the Sahelian drought observed in the last 
three decades of 20th century is investigated using simulations with an atmospheric general 
circulation model.  Our model produces smaller shortwave and larger longwave forcings of 
dust than other simulation studies mainly due to the difference in particle size distributions.  
Simulations produce reduced rainfall over the intertropical convergence zone (ITCZ) 
including the Sahel region and increased rainfall south of ITCZ when dust radiative forcing is 
included.  These occur due to the cooling of global tropical oceans as well as the cooling of 
the troposphere over North Africa in response to dust radiative forcing.  Simulations forced by 
observed sea surface temperatures (SSTs) with or without dust radiative forcing produce 
decrease of Sahel rainfall and increase of North African dust from 1950s to 1980s, but 
underestimate the magnitudes of observed changes.  If effects from different impact are 
linearly added, simulated changes in Atlantic and Indian Ocean SSTs, dust, vegetation, and 
greenhouse gas warming can explain about 60% of the precipitation changes in Sahel between 
wet and dry periods.  Dust accounts for about 20% of the observed change in our model 
simulations and two thirds of this comes through the tropospheric cooling over North Africa.  
The dust impact on Atlantic SST is of a secondary importance.  Greenhouse gas warming of 
the Indian Ocean and vegetation loss in Sahel account for about 25% and 10% of the observed 
trend in our simulations respectively.  Processes excluded in the simulations such as land use 
impacts on dust, dynamic vegetation feedbacks, and indirect radiative effects, or errors in the 
model could be responsible for the remaining differences between observed and simulated 
precipitation changes. 

A numerical simulation of nitrate aerosols in East Asia in the springtime of 
2001 
Zhang Meigen  
State Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute 
of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, P. R. China 
mgzhang@mail.iap.ac.cn 
Aerosols of an anthropogenic origin play a key role in changing the Earth’s radiation budget. 
Aerosols directly scatter and/or absorb solar radiation. Indirectly, they influence the micro-
physical properties of clouds and therewith their effective albedo (Schaap et al., 2003). In the 
last decade the influence of a number of other aerosol components, like organic carbon, black 
carbon and (anthropogenically derived) mineral dust, on the radiation budget has also been 
shown (IPCC, 2001, and references therein). However, IPCC (2001) did not present a best 
estimate for the direct forcing by nitrate, mostly because of a lack of reliable measurement 
data on this semi volatile compound. 
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Nitrate Aerosols are secondary aerosols produced from nitrogen oxides, and are an important 
contributor to submicron aerosols over polluted regions. A recent critical assessment of nitrate 
observations in Europe showed that nitrate significantly contributes to the aerosol 
concentration in Northern Europe (Schaap et al., 2002). Especially in winter (October–March) 
large contributions of nitrate to the total aerosol mass were found in the western Europe, 
where nitrate concentrations often exceeded those of sulfate. While the emission of nitrogen 
oxides in East Asia have increased by 58% from 1975 (2.05 TgN/yr) to 1987 (3.25 TgN/yr) 
(Kato and Akimoto, 1992), and van Aardenne et al. (1999) predicted an increase of almost 
fourfold in NOx emissions from 1999 to 2020. The sharp increase in the emissions has 
stimulated the investigation of the transport, transformation and deposition of nitrogen 
compounds across the region. This study uses a comprehensive chemistry-transport model to 
investigate the tempo-spatial distributions of nitrate aerosols in East Asia on the basis of a 
newly estimated emission inventory with a resolution of 1°×1° prepared specially for the 
Transport and Chemical Evolution over the Pacific (TRACE-P; Jacob et al., 2003) and large 
observations obtained onboard of two aircrafts. 
The chemistry-transport model has two major components - the Models-3 Community Multi-
scale Air Quality (CMAQ) modeling system (Byun and Ching, 1999) and the Regional 
Atmospheric Modeling System (RAMS; Pielke et al., 1992). CMAQ is an Eulerian-type 
model developed by the U.S. Environmental Protection Agency and it simulates concurrently 
the atmospheric and land processes affecting the transport, transformation, and deposition of 
air pollutants and their precursors, on both regional and urban scales. While RAMS is a 
highly versatile numerical code for simulating and forecasting meteorological phenomena. In 
this study it is used to produce the regional scale meteorological fields including boundary 
layer turbulence, cloud and precipitation necessary for the CMAQ calculation. 
Anthropogenic emissions such as nitrogen oxides and ammonium were obtained from the 
inventory of 1°×1° for TRACE-P (Streets et al., 2003). Nitrogen oxides and ammonium from 
soil were adopted from the Global Emissions Inventory Activity (GEIA) 1°×1° monthly 
global inventory (Benkovitz, 1996). Aircraft emissions were based on the Emission Database 
for Global Atmospheric Research (EDGAR; Oliver et al., 1996). For the RAMS calculation, 
the synoptic meteorological fields were obtained from the European Center for Medium-
Range Weather Forecasts (ECMWF) analyzed data, and were available every 6 hour with 
1°×1° resolution. 
The simulation period covers 22 February – 5 May 2001 with starting time at 0000 Z i.e., 
0800 CST (Chinese Standard Time) on 22 February. For evaluating the model performance, 
modeled concentrations of nitric oxide, nitrogen oxides, and nitrate and ammonium aerosols 
are compared against observations onboard of the aircraft DC-8 on 21 and 24 March 20001, 
when DC-8 made two extensive measurements over the northwestern Pacific with the airbase 
near Tokyo. Comparison shows that simulated mixing ratios generally agree well with the 
observations, and the model reproduced temporal and spatial variations in concentrations of 
these species reasonably well. Based on the comparison results, nitrate concentration 
distributions are analyzed, and transport and chemical production processes in determining 
nitrate aerosol levels are discussed. 
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Continuous observation of carbonaceous aerosols in PM10 in urban areas in 
Beijing, China in wintertime 
Zhang Renjian  
Key Laboratory of Regional Climate-Environment Research for Temperate East Asia, Institute of 
Atmospheric Physics, Chinese Academy of Sciences, START Regional Center for Temperate East 
Asia, Beijing, 100029, China 
zrj@tea.ac.cn 
Atmospheric carbonaceous aerosols comprise significant fraction of ambient respirable 
suspended particulates (RSP or PM10) ranging from ~10% in remote areas to ~40% in urban 
areas and industrialized areas. Carbonaceous aerosols play an important role in the 
atmosphere with regard to radiative transfer, health effects, and atmospheric chemistry (Hőller 
et al., 2002). They are generally divided into organic carbon (OC) and elemental carbon (EC) 
(also called black carbon, BC). OC containing polycyclic aromatic hydrocarbon and other 
components with possible mutagenic and carcinogenic effects, can be directly emitted from 
sources (primary OC) or produced from atmospheric reactions involving gaseous organic 
precursors (secondary OC, SOC). Recently, EC is of special interest due to its warm effect in 
climate. EC is regarded to be the second most important component of global warming in 
terms of direct forcing, after CO2. Due to the importance of OC and EC in climate and 
atmospheric chemistry, information concerning the concentrations and distributions of 
carbonaceous aerosol in atmosphere is of great interested (Cao et al., 2003, 2004). 
Beijing, one of the biggest cities in the world, also the capital of China, has 14 million 
populations and 2.1 million motor vehicles by the end of 2003. Due to increased economic 
activities and the number of vehicles and urbanization, high particulate matter pollution and 
poor visibility have become a serious problem in Beijing. As a consequence, an investigation 
of atmospheric carbon pollution in the Beijing is important, as it is a major component of 
particulate pollutions. 
In this research, the Tapered Element Oscillating Microbalance (TEOM) 1400a series, 
manufactured by Rupprecht and Patashnick was used for the continuous measurement of 
PM10 mass concentration. The TEOM is wildly used in different aerosol studies(King et al., 
2000; Hőller et al., 2002; Even et al., 2000). The concentrations of particulate EC were 
continuously detected by a thermal analysis method using ambient carbon particulate 
monitors (ACPM), Model 5400 manufactured by Rupprecht & Patashnick Co. Inc.. This 
instrument performs a thermal evolution analysis of carbonaceous material (Hőller et al., 
2002; Long et al., 2003). With this two instrument, a continuous observation of OC,EC, PM10, 
is conducted in Beijing in January 2004 in order to study the daily variation characteristics of 
OC and EC in PM10. OC, EC, TC, PM10 concentration and OC/EC ratio are 21.2±16.0, 
8.9±5.1, 30.2±20.4, 172.6±98.3 µg m-3 and 2.3±0.9 respectively. OC, EC, and 
TC(TC=OC+EC) account for 12.4±6.4%, 5.6±2.3%, and 18 ±9.2% of PM10, respectively. The 
variation concentration of OC, EC, PM10 are much influenced by wind: they are low with 
strong wind and high with weak wind. Average OC concentrations in night time are 40% 
higher than that in daytime. Averaged EC concentrations in daytime are close to that in night 
time. OC concentrations reach peak in night time due to pollution accumulation and stable 
atmosphere. EC reach peak in the morning corresponds to traffic rush hour. The OC/EC ratio 
in nighttime ranging from 2.4 to 2.7 is higher than that in daytime ranging from 1.9 to 2.0. 
The organic pollution level and OC/EC ratio in Beijing is higher than other observation 
results in Japan and USA. A simple method is used to estimate the contribution of sources of 
carbonaceous aerosols in Beijing PM10. The results show that the motor vehicle source and 
coal combustion account for 75% and 25% respectively in winter in Beijing. It indicates that 
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the motor vehicle is dominant sources for heavy pollution of carbonaceous aerosol in winter 
in Beijing, which should be paid much attention in PM10 pollution control. 
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Global Teleconnections from land-cover change in tropical regions 
Roni Avissar (1), Dave Werth, Renato Ramos da Silva and Natalia Hasler 
(1)Duke University, NC, USA 
avissar@duke.edu 
Past studies have indicated that deforestation of the Amazon basin would result in an 
important rainfall decrease in that region, but that this process had no significant impact on 
the global temperature or precipitation and had only local implications. Here we show that 
deforestation of tropical regions significantly affects precipitation at mid and high latitudes 
through hydrometeorological teleconnections. In particular, we find that the deforestation of 
Amazonia and Central Africa severely reduces rainfall in the lower US Midwest during the 
spring and summer seasons and in the upper US Midwest during the winter and spring, 
respectively, when water is crucial for agricultural productivity in these regions. Deforestation 
of South-East Asia affects most significantly China and the Balkan Peninsula. On the other 
hand, the elimination of any of these tropical forests considerably enhances summer rainfall in 
the southern tip of the Arabian Peninsula. The combined effect of deforestation of these three 
tropical regions causes a significant decrease in winter precipitation in California and seems 
to generate a cumulative enhancement of precipitation during the summer in the southern tip 
of the Arabian Peninsula. 

We also use regional and global climate models in conjunction with socio-economic scenarios 
of land use / land-cover change in the Amazon basin, to estimate potential changes in the 
water cycle inside and outside of the basin. Four different experiments were produced with 
the NASA-GISS Global Climate Model (GCM): (1) a “current land cover” ensemble, which 
also serves as the “control” ensemble; (2) a “scenario for 2030” ensemble; (3) a “scenario for 
2050” ensemble; and (4) a “total deforestation” ensemble that simulates the land cover in the 
Amazon basin after all the tropical forest has been eliminated. In addition, The Regional 
Atmospheric Modeling System (RAMS) is used at a high resolution (20-km grid size) and 
very-high resolution (1-km grid size) over the Amazon Basin and using the same four land-
cover scenarios with the NCEP reanalysis for four different years (wet - 1997, dry - 1998, and 
two “normal” years – 1999 and 2000 that have similar domain-average precipitation but 
different spatial distributions) forcing its lateral boundaries. Thus, the combined impacts of 
deforestation and El Nino and La Nina years are also explored as part of this numerical 
experiment. The combination of these different simulations reveals significant impact of 
deforestation on the regional and global hydroclimate through land-cover change 
teleconnections. 

Climate change impacts and mitigation: the dangers of ignoring land-
atmosphere interactions 
Richard A. Betts 
Hadley Centre for Climate Prediction and Research, Met Office, UK 
richard.betts@metoffice.gov.uk 
The general view of climate change and its impacts on land ecosystems tends to be 
compartmentalised.  Climate models used for future climate predictions and attribution of past 
changes generally consider only global climate drivers, ignoring local drivers such as land use 
change and urban effects.  Impacts studies are generally carried out in isolation from each 
other and hence ignore interactions between different impacts sectors such as hydrology, 
natural ecosystems and agriculture.  Feedbacks from impacts to climate change are often 
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neglected.  This can result in representations of global changes which are at best inconsistent 
and at worst completely misleading. 
For example, while changes in atmospheric composition exert an increasing radiative forcing 
of climate change leading to further warming of global mean temperatures and shifts in 
precipitation patterns, these are not the only processes which may influence climate.  Changes 
in the physical characteristics of the land cover may also affect climate through changes in the 
surface energy and moisture budgets and biogeochemical cycles.   
Some of these changes may result from the large-scale responses of agricultural and natural 
vegetation cover to seasonal, interannual and decadal changes in the atmospheric state.  For 
example, if regions of the moist tropics were to become drier, a reduction in forest cover 
could contribute to an acceleration of global warming by increasing the rate of CO2 rise [1] 
and further decrease rainfall by reducing moisture recycling [2]. Such changes which arise as 
a result of climate change constitute a feedback, ie: an additional change to the system 
following the response to an initial forcing by anthropogenic changes in greenhouse gas 
concentrations.  This has important implications for climate change impacts studies; 
assessments of impacts on ecosystems should ensure that the climate change is consistent 
with the ecosystem response. 
Some land surface changes may arise directly from human land use activities; these constitute 
an additional forcing of climate change on top of that due to changes in atmospheric 
composition.  As well as having implications for impacts studies similar to those for 
feedbacks, they also have implications for climate change mitigation plans which involve 
ecosystems.  If carbon sequestration activities involve changes in land surface properties, 
these could exert additional effects on climate which either increase or decrease the 
effectiveness of the activity in reducing climate warming.  Afforestation in the boreal regions 
may reduce climate warming less than would be expected through carbon accounting alone 
because of decreased surface albedo [3], whilst afforestation (or avoided deforestation) the 
tropics may exert a double cooling effect through carbon sequestration and increased 
evapotranspiration.  Such effects are currently not accounted for under the Kyoto Protocol [4]. 
Ecosystems also respond directly to changes in atmospheric composition, such as the 
concentrations of CO2, O3 and other physiologically-important constituents.  Changes in 
these, and the responses of the natural and agricultural ecosystems, are intimately linked with 
meteorological processes so synergies between climate and atmospheric chemistry should be 
considered. 
Ecological responses to climate change may interact with other impacts of climate change, 
such as hydrological changes.  For example, soil moisture and runoff may change as a direct 
consequence of climate changes such as shifts in precipitation and evaporation, and may also 
be affected by changes in evapotranspiration resulting from direct responses of plant to the 
CO2 increase.  A number of studies show that stomatal apertures open less widely under 
enriched CO2 conditions, leading to reduced evapotranspiration which implies in increase in 
moisture remaining in the soil [5,6].  Studies of the hydrological impacts of climate change, 
such as changes in flood and drought risk, generally neglect this interaction with ecosystem 
impacts. 
This presentation will discuss recent research on these interactions, and highlight the dangers 
of neglecting them in assessments of the impacts of climate change and measures for climate 
change mitigation. 
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INTRODUCTION 
Atmospheric CO2 concentration is one of the most important factors likely to determine the 
climate of the 21st century (Houghton et al., 2001). When simulating future climate changes, 
the majority of experiments with comprehensive climate models (OAGCMs) still use 
prescribed CO2 concentration scenarios. However the atmosphere-land and atmosphere-ocean 
fluxes of CO2 are known to be sensitive to climate. For example, the growth-rate of 
atmospheric CO2 responds to climatic perturbations such as El Niño. Offline carbon cycle 
simulations of the 21st century have indeed confirmed such large dependency of carbon fluxes 
to climate (Houghton et al., 2001). Since an increase in CO2 leads to climatic change, and that 
climatic change, in turn, affects the CO2 concentration, climate and CO2 form a feedback 
loop. Cox et al., (2000) and Dufresne et al, (2002) found this feedback to be positive. Since 
these two studies, numerous models performed coupled climate-carbon cycle simulations 
following a similar protocol, called C4MIP. It underlined a large uncertainty in the models’ 
responses. The climate-carbon cycle feedback leads to an addition of atmospheric CO2 
ranging anywhere between 20 and 200 ppm. 
We have developed a new climate-carbon coupled model and performed a series of analysis 
to be more confident in future projections. We present here confrontation of model results to 
atmospheric CO2 station data as it provides great detail for the study of CO2 variability and its 
sources and sinks (Thoning et al., 1989). 

MODEL AND RUNS DESCRIPTION  
The IPSL coupled ocean-atmosphere general circulation model, IPSL-CM4 (Marti et al., 
2005) used for the IPCC-AR4 simulations, has been coupled to a carbon model composed of 
the PISCES biogeochemical model (Aumont, et al., 2003) for the ocean part and of the 
ORCHIDEE model for the terrestrial part (Krinner et al., 2005). ORCHIDEE is a dynamic 
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global vegetation model which calculates for 13 PFTs, the energy and hydrology budgets, 
carbon assimilation, allocation and decomposition and vegetation competition. PISCES 
includes a simple marine ecosystem model, with 4 plankton functional groups and co-
limitation of phytoplankton growth by N, P, Si and Fe. PISCES is called at each time-step of 
the ocean physic, and ORCHIDEE is called at each time step of the atmosphere physic. 
We have performed 3 coupled simulations to highlight the response of the land and ocean 
carbon cycles to atmospheric CO2 increase and climate change. The first one is a control 
simulation without anthropogenic CO2 sources. The second (called coupled run) is a scenario 
simulation where CO2 emissions are prescribed from historical data for 1860-2000 and from 
the SRES-A2 scenario for the 21st century. This simulation includes offline CO2 transport in 
the atmosphere over the 1979-2003 period. Finally, the third one (called uncoupled run) uses 
the same CO2 emissions as the second simulation but the calculated CO2 concentration has 
non radiative impact. 

VALIDATION AND ANALYSIS 
Our model, like for any other C4MIP models, simulates a positive climate-carbon cycle 
feedback.  The continental biosphere and the ocean are weaker sinks when climate impact is 
taken into account. The simulated global land and ocean carbon fluxes for the eighties and 
nineties decades, are comparable to the IPCC estimates. However we notice our model 
overestimates the continental biosphere sink in the tropical region and the inter-annual 
variability compared to inversion data. It is therefore needed to better understand responses of 
the involved processes. 
We transported CO2 in the atmosphere and compared simulated concentration to observations 
from well known stations such as Mauna Loa, Kumukahi, Barrow, Alert and South Pole. 
The following analyses were performed : 
 - Trend and airborne fraction analyses, to validate distribution of global sinks but also CO2 
transport. 
 - Seasonal cycle analyses, to validate continental fluxes. 
 - Peak-to-Peak seasonal amplitude evolution analyses, to understand the impact of CO2 
increase on continental sinks and their evolution. 
 - Changes in the phase of the seasonal cycle, to estimate the terrestrial carbon sensitivity to 
climate trend. 
- Growth rate interannual variability, to validate the model interannual variability behavior, 
and therefore its carbon cycle sensitivity to climate variability. 
Such stations analysis could be performed by other C4MIP models in order to get more 
confidence in the simulated carbon cycle. 
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An attempt to quantify the impact of anthropogenic land cover change on 
climate, since pre-industrial times 
Edouard Davin, Nathalie de Noblet-Ducoudré, Pierre Friedlingstein 
Laboratoire des Sciences du Climat et de l’Environnement, France 
edouard.davin@cea.fr 
Since thousands of years, by converting natural ecosystems into pastures or croplands, human 
activities have profoundly modified land surface. Today about 35% of world’s land surface is 
estimated to be covered by crops [1]. This historical trend affected climate through changes in 
the global carbon cycle. Indeed, since 1850, about one third of anthropogenic CO2 emissions 
resulted from land use [2]. But GHG emissions are not the only way by which land cover 
change can influence climate. For instance, surface albedo decrease associated to land use is 
believed to have caused a cooling of climate partly counteracting GHG-related warming [2]. 
But the magnitude of that cooling is still poorly constrained. Moreover land cover change not 
only alters earth’s radiation balance but also heat and water exchange between the surface and 
the atmosphere. These changes, however cannot be quantified in terms of radiative forcing 
although they also can induce near surface temperature change [3]. The importance of this 
latter effect has not yet been quantified at the global scale, and is what we try to address here. 
We used the IPSL climate model (IPSLCM4) to assess the importance of land use effect on 
surface climate (e.g. energy, water and carbon fluxes) and atmosphere dynamics. Coupled 
ocean-atmosphere-vegetation simulations were performed using two different distributions of 
anthropogenic land cover, a reconstructed pre-industrial distribution (1860) and the present-
day distribution. A third simulation was performed with the pre-industrial distribution but 
using present-day surface albedo conditions. Comparing the last two simulations enables us to 
separate the impact of the albedo change from the effect of the other physical properties of the 
land surface. In parallel, off-line simulations of the land-surface model alone (ORCHIDEE, 
[4]) were ran, forced with the same atmospheric conditions but varying land-cover. 
Comparing off-line simulations with coupled simulations allows us to quantify the feedbacks, 
on both climate and surface conditions, resulting from the simulated surface-atmosphere 
interactions. 
A preliminary important result is that land-use induced land-cover changes since pre-
industrial times has lowered the annual mean temperature by about 0.3°C in the IPSL model, 
accounting for all interactions between land-surface and atmosphere, while accounting for 
albedo changes alone leads to a cooling of only 0.1°C. 
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Identification of land surface-atmosphere interactions using satellite data 
Richard J Ellis, Christopher M Taylor. 
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As part of the Climate and LAnd Surface Systems Interaction Centre (CLASSIC) program, 
work has been undertaken to find methods of using earth observation products to identify 
land-surface-atmosphere interactions. The current work centres on the use of Tropical 
Rainfall Measuring Mission (TRMM) [1] Microwave Imager (TMI) and METEOSAT 
[2]visible and thermal infrared (TIR) products, to examine the impact of surface soil moisture 
heterogeneity on the daytime evolution of cloud. Examination of data for the summer of 2000 
in the Sahel region, suggests that positive soil moisture anomalies impacted on the initiation 
and evolution of convective events in the region.    
Using the ratio of TMI 10.65GHz channel vertical and horizontal polarisations[3], regions 
with a recently wetted surface (wet patches) were identified. This was achieved by gridding 
the data and removing the low frequency temporal variation at all grid points. Regions were 
then identified where there was a steep spatial gradient in the resulting polarisation ratio 
anomaly. The METEOSAT TIR data was used to identify cold cloud (brightness temperatures 
of less than -40°C) and examine the evolution of that cloud for the 72 hours following the 
TMI overpass.  

 
 
Figure 1 presents results of analysis of the composited TIR brightness temperature data from 
hundreds of cases with wet patch length scales of 80-160km. The values represent the 
percentage of pixels with a TIR less than -40°C during the day following the identification of 
a wet patch. The brightness temperatures have been normalised to a unit length wet patch. A 
diurnal cycle is evident with a minimum in cold cloud between 10.00 and 14.00 local time 
and increasing cold cloud as the afternoon progresses. This cycle is modulated over the wet 
patch where there is a marked reduction in the cold cloud in comparison to the adjacent 
regions.  

Figure 1: Presents the 
percentage of pixels with 
TIR brightness 
temperatures less than -
40°C.  Values are a 
composite of cases where 
the wet patches had a 
length of 80-160km and are 
normalised to a unit wet 
patch length. The y axis 
represents time of day, the 
x axis the distance from the 
centre of a normalised “wet 
patch” (illustrated by 
vertical dashed lines).  
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To investigate the contribution of individual cases to the observed modulation of the diurnal 
signal, about one hundred cases were examined individually in more detail. Figure 2 presents 
one such case, where a cold cloud event is initiated at the edge of a moist anomaly and 
migrates west. It can be observed that as it passes west the region of cold cloud is suppressed 
over the moist region. Of the cases that exhibited initiation of cold cloud in the vicinity of the 
wet patch over 80% showed an observable reduction over wet patches and only two showed 
initiation over the wet patch, suggesting that the wet patch is inhibiting initiation. In contrast 
for cases where initiation of cold cloud was remote to the wet patch, nearly 50% showed no 
discernable change over the wet patch. 
In summary, from the study of a large number of cases, a strong modulation of convection has 
been linked to regions with a positive soil moisture anomaly. This occurs during the late 
afternoon and evening (15.00-24.00 local time) and is strongest in locally initiated events. 
This suggests that the influence is strongest on recently formed systems, while mature 
systems are less strongly affected. 
1. Kummerow, C., et al., The Tropical Rainfall Measuring Mission (TRMM) sensor package. 
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Insect outbreaks, forests, and climate: effects on the North American 
carbon budget 
Jeffrey A. Hicke (1), Jesse A. Logan (2), Dennis S. Ojima (1) 
(1) Colorado State University, Fort Collins, CO, USA 
(2) USDA Forest Service, Logan, UT, USA 
jhicke@nrel.colostate.edu 
Insect outbreaks are significant forest disturbances in the United States. Together with 
pathogens, insects affect >20 million ha per year and result in losses of $1.5 billion [1]. 
Mountain pine beetles infested 1-1.5 million ha in recent decades in the United States (Figure 
1); Canada is experiencing an outbreak encompassing 7 million ha. Projections of outbreaks 
forecast large areas of damage. The USDA Forest Service estimates that 8.5 million ha of 
western forests are at a high risk of mortality caused by bark beetles. Although infestation and 

Figure 2: The outline of a 
moisture anomaly (black line 
contour of the critical TMI 
9GHz polarisation 
difference) and the minimum 
TIR brightness temperature 
recorded by METEOSAT 
during the period 12.00-
20.00UTC, following the 
TMI overpass that identified 
the moist anomaly. 
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fire affect similar amounts of area each year (Figure 1), much of the carbon cycle community 
has focused on fire as a driver of forest ecosystem dynamics.  As a result, many questions 
remain about the effects of outbreaks on biogeochemical cycling. 
Climate plays an important role in outbreaks. Recent studies have implicated climate, 
including higher temperatures and drought, as a major factor in insect outbreaks throughout 
western North America [e.g., 2].  Projected climate change in coming decades will likely 
influence insect populations and therefore forest ecosystems [e.g., 3].  
In addition to climate, influences on outbreak include forest stand conditions.  Insects prefer 
older, denser stands; a large fraction of lodgepole pine forests in the western United States is 
now in the highest susceptibility age class, enhancing the potential of major mountain pine 
beetle outbreak.  
Tree mortality resulting from outbreaks affects forest ecosystems through modifications to 
forest cover, leaf area, and biomass. Changes in structure influence ecosystem function, 
including water, energy, and carbon fluxes. Although outbreak effects on forest structure and 
function have been hypothesized to be similar to fire impacts, differences exist with respect to 
remaining live biomass, productivity, stand recovery, and biogeochemical cycling of carbon 
and nitrogen.  
The widespread extent of outbreaks suggests continental-scale effects on forest ecosystems. 
Because of the strong influence of forest age and structure on net carbon fluxes, infestations 
are linked to the global carbon cycle and therefore to future climate change. However, 
infestations to date have been included in only one large-scale ecosystem function study [4]. 
As a result, terrestrial biosphere models used to estimate continental or global biogeochemical 
cycling are missing an important forest disturbance that may play a significant role in 
governing ecosystem dynamics. 
We are making progress on understanding the interactions among outbreaks, forest 
ecosystems, climate, and the global carbon cycle on several fronts.  First, we have run a 
process model of mountain pine beetle populations driven by climate observations for 
historical and projected temperatures in the western United States [3].  We found that in 
warmer regions, climate suitability for outbreak decreases with increasing temperatures, 
whereas in other regions (e.g., higher elevations), climate suitability increased with increasing 
temperatures.  In response to the large warming projected in the coming century, the overall 
area of climate suitability decreases as regions become too warm to support the mountain pine 
beetle (Figure 2).   
Second, we are developing methods of quantifying historical outbreak area for use in 
ecosystem modeling.  The USDA Forest Service annually maps area affected by outbreaks.  
These maps suit their intended purpose of identifying areas undergoing outbreaks; however, 
the subjectivity and incompleteness of these data imply additional research before including 
in ecosystem studies.  Satellite observations provide a repeatable, quantitative means of 
evaluation outbreak area.  We have acquired hyperspatial (Quickbird) satellite imagery at an 
area in Idaho experiencing a dramatic mountain pine beetle outbreak.  Identifying outbreaks 
in this region is challenging as a result of the complex terrain. We have classified the 
multispectral imagery using decision trees to estimate the area of outbreak and landscape 
patterns, and have assessed the ability of medium and coarse resolution sensors to detect the 
outbreak. 
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Figure 2.  Historical (to 1993) and projected mean 
annual temperature (black) in the western United 
States and resulting area of modeled climate 
suitability for mountain pine beetle outbreak 
(gray).  From [3]. 
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Third, we are integrating insect outbreaks into an ecosystem model to assess the role of 
infestation in the North American carbon cycle.  We are linking the process model discussed 
above with a prognostic ecosystem model that will indicate the susceptibility of forest to 
outbreak.  This integrated model will include climate as well as stand conditions as risk 
factors that initiate and maintain an outbreak.  We plan to run this model with projected 
climate scenarios to explore the effects of a changing climate on insect outbreaks, forests, and 
the future carbon cycle. 
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Using observations and models to understand atmosphere-ecosystem 
biogeochemical cycles  
Elisabeth A. Holland 
The National Center for Atmospheric Research 
Department - The Institute for Integrative and Multidisciplinary Earth Studies and the Atmospheric 
Chemistry Division 
eholland@ucar.edu, eholland1@mac.com 
The global nitrogen cycle has been profoundly perturbed during the industrial era through 
fossil fuel combustion and agricultural intensification.  The atmospheric deposition networks 
designed to address the impact of acid rain deposition onto rural and remote areas in the some 
most industrialized regions of the world provides a key data set with adequate temporal and 
spatial coverage to understand the changing global nitrogen cycle. The measurements were 
made by the National Atmospheric Deposition Program and National Trends Network 
(NADP/NTN) and European Monitoring for the Environment Programme (EMEP). 
To construct continental scale N budgets, we produced maps of N deposition fluxes from site-
network observations for the US and Western Europe. The maps and analyses are necessarily 

Figure 1.  Area affected by fire and insect 
outbreaks.  Sources:  National Interagency 
Fire Center, USDA Forest Service. 
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restricted to the network measured quantities and consist of statistically interpolated fields of 
aqueous NO3

- and NH4
+, gaseous HNO3 and NO2 (in Europe), and particulate NO3

- and NH4
+. 

Western Europe receives five times more N in precipitation than the conterminous US.  
Estimated N emissions exceed measured deposition in the US by 5.3-7.81 Tg N.  In Europe, 
estimated emissions better balance measured deposition, with an imbalance of between  –0.63 
to 2.88 Tg N suggesting that much of the N emitted in Europe is deposited there.  The 
imbalances suggest more 50% of the N emitted in the US is exported from the continent.  
Western Europe is receiving as much nitrogen as it emits, but may be receiving deposition 
from the US and exporting N to remote regions downwind. 
To determine if there are any trends in atmospheric deposition, we examined the 25 year 
record of precipitation removal of atmospheric nitrogen and sulfur using a seasonal trend 
LOESS statistical approach . On a continental scale for both the US and Western Europe, 
there was little overall trend in ammonium or nitrate wet deposition. The lack of a clear trend 
suggests that the emissions of ammonia and nitrogen oxides over the time period between 
1978 and 2003 have been relatively constant. By contrast, sulfuric acid deposition has 
decreased by as much as 50% over the same time period.  There has been a clear difference in 
the effectiveness of a series of Transboundary Air Pollution Agreements and Clean Air Acts 
targeting the emissions of sulfur and nitrogen oxides.   The Clean Air Acts have been 
successful at reducing sulfur dioxide emissions but have not been successful at reducing 
nitrogen oxide emissions.  
These spatially and temporally explicit N deposition budgets and N and S trend analyses 
provide key tools for verifying regional and global models of atmospheric chemistry and 
transport, and represent critical inputs into terrestrial models of biogeochemistry for 
evaluating the impacts of deposition on ecosystem carbon storage and function. The scientific 
and cost effectiveness of the deposition monitoring networks argues for their expansion to 
under-sampled regions where industrial and agricultural intensification are underway 

Meteorological impact assessment of possible large scale irrigation in 
Southwest Saudi Arabia 
R.W.A. Hutjes (1), H.W. Ter Maat (1), R. Ohba (2), H. Ueda (3) 
(1) Alterra, Wageningen, The Netherlands 
(2) Mitsubishi Heavy Industries, Nagasaki, Japan 
(3) Acid Deposition and Oxidant Research Center, Niigata, Japan. 
Ronald.hutjes@wur.nl 
On continental to regional scales feedbacks between landuse and landcover change and 
climate have been widely documented over the past 10-15 years. One of the better analysed 
systems is that of western Africa, where after the landmark paper of Charney [1] a large 
number of (modelling) studies revealed linkages between (human induced) vegetation 
degradation and subsequent rainfall decrease in the Sahel [2].  Vice versa the very occurrence 
of vegetation may have contributed to a wetter climate that occurred in pre-historic times in 
that region [3]. 
In the present study we explore the possibility that also vegetation changes over much smaller 
areas may affect local precipitation regimes. Large scale (~105 ha) irrigated plantations in 
semi-arid environments under particular conditions may affect local circulations and induce 
additional rainfall [4]. Capturing this rainfall ‘surplus’ could then reduce the need for external 
irrigation sources and eventually lead to self sustained water cycling. 
This concept has been studied in the coastal plains in South West Saudi Arabia where the 
mountains of the Asir region exhibit the highest rainfall of the peninsula due to orographic 
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lifting and condensation of moisture imported with the Indian Ocean monsoon and with 
disturbances from the Mediterranean Sea. 
We use a regional atmospheric model (RAMS, [5]) forced by ECMWF analysis data of 2000 
to resolve the effect of complex surface conditions in high resolution (4km). After validation, 
these simulations have been analysed with a focus on the role of local processes (sea breezes, 
orographic lifting and the formation of fog in the coastal mountains) in generating rainfall, 
and on how these will be affected by large scale irrigated plantations in the coastal desert.  
The validation showed that the model simulates the regional and local weather rather well. 
The simulations seem to exhibit a slightly larger diurnal temperature range than in reality, but 
seems to capture daily sea-breeze phenomena well. Monthly rainfall is well reproduced at 
coarse resolutions, but appears more localized at high resolutions.   
The hypothetical irrigated plantation (3.25 105 ha) has significant effects on atmospheric 
moisture, but due to weakened sea breezes this leads to limited increases of rainfall (fig1). In 
terms of recycling of irrigation gifts the rainfall enhancement in this particular setting is rather 
insiginificant. On the other hand the extra rain falls in an area where rain fed agriculture 
occurs. There, though small in absolute numbers but big in relative numbers (~30%), the extra 
rain may increase crop productivity or reduce the risk of crop failures and thus be important to 
local agriculture [6]. 

Figure 1: Case study of 1 week simulation for 19-26 April 2002. Left: total rainfall difference for 
‘green’ vs control runs. The skewed rectangle depicts the area of the irrigated plantation. Right: total 
rainfall for same period for control run. c) inset: areal average rain for control (black filled circles) 
and green (green open circles) runs 
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Albedo feedback in a simple climate-vegetation system can lead to 
spontaneous pattern formation at a desert ecotone 
Tim E. Jupp 
Climate and Land Surface Systems Interaction Centre (CLASSIC), CEH Monks Wood, Huntingdon, 
Cambridgeshire, PE28 2LS U.K. 
tju@ceh.ac.uk 
Simple toy models provide a valuable conceptual tool to aid understanding of the dynamics of 
the coupled climate-vegetation system[1]. Here, I construct a minimally complex, physically 
plausible mathematical model of climate-vegetation interactions, and analyse its spatio-
temporal dynamics. In contrast to many numerical global vegetation models the vegetation 
dynamics considered here include a spatial diffusion term, permitting the existence of 
travelling waves and the spontaneous appearance of vegetation patterns. These patterns form 
as a result of an albedo feedback between vegetation and climate. 
Initially the model exhibits both vegetated and unvegetated (‘desert’) solutions depending on 
the incoming solar radiation (which varies with latitude). It therefore produces an ‘ecotone’ at 
the boundary separating vegetated from desert latitudes (Figure 1a). Mathematical analysis 
reveals that for certain parameter values vegetation patterns emerge spontaneously at the 
ecotone (Figure 1b). It follows that coupled climate models may in the future exhibit 
spontaneous pattern formation at ecotones if they include spatial vegetation dynamics. My 
aim here is to derive the conditions under which this pattern formation occurs. 
Specifically, my model consists of two coupled partial differential equations: an energy 
balance for the surface temperature T and a growth equation for the ‘biomass density’ V, both 
of which are functions of latitude x and time t: 
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where solar radiation I (in W m-2) is a function of latitude x and the absorbed fraction of solar 
radiation (i.e. the co-albedo) α is a function of biomass density V. (A+BT) is a linearization of 
the outgoing longwave radiation while C is an effective areal heat capacity (in J m-2 K-1). In 
equation (2) γ is a plant growth rate parameter (in m2 J-1), m is a plant mortality rate (in s-1), 
the fraction of absorbed photosynthetically active radiation (fAPAR) φ is a function of 
biomass density V and the plant growth rate has a Gaussian dependence on surface 
temperature T with an optimum temperature TO and range Tw[2].  
Spontaneous pattern formation is possible because both of the governing equations contain 
spatially-dependent diffusion terms in which the diffusion parameters DT and DV represent 
atmospheric heat transport[3] and seed dispersal[4] respectively. 
Analysis of equations (1) and (2) proceeds according to the well-established theory of 
diffusion-driven (or ‘Turing’) instability in reaction-diffusion systems[5]. Previously this sort 
of analysis has been invoked to explain pattern formation in a vegetation-groundwater 
system[6], but its applicability to a climate-vegetation system has not, to my knowledge, been 
explored.  
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Fig 1. Spontaneous pattern formation at an ecotone in a numerical simulation of the toy model 
described by equations (1) and (2). Both panels show the incoming radiation I (thick line) and 
biomass density V (thin line) as functions of latitude x (all expressed in dimensionless units). The 
equator lies off the scale to the left and the pole lies off the scale to the right. (a) At early times in the 
simulation a desert region (V=0) develops at low latitude and is separated from a high latitude 
vegetated region by an ecotone. (b) At later times a diffusion-driven instability leads to the 
development of vegetation stripes in the region of the ecotone. The approximate width of the stripes is 
given by the theory of diffusion-driven instabilities[5] as shown. 

Implications of glacial-interglacial changes in wetland distribution for the 
methane cycle  
Ron Kahana (1) , Sandy P. Harrison (1), Michael T. Coe (2) 
(1) Bristol Research Initiative for the Dynamic Global Environment (BRIDGE) 
     School of Geographical Sciences, University of Bristol, UK. 
(2) The Woods Hole Research Center, MA, USA.    
ron.kahana@bristol.ac.uk 
Atmospheric methane concentration is ~40% lower during the Last Glacial Maximum (LGM, 
ca. 21,000 yrs BP) than for the Pre-industrial Holocene (PI, ca. 1850) [1]. One factor 
contributing to this reduction is lower methane-emission rates from wetland areas as a result 
of the cooler and dryer LGM climate, and the impact of low atmospheric CO2 concentration 
on wetland productivity. Modelling studies do not agree, however, on the extent of the LGM 
wetland areas, which may have been significantly changed by the presence of ice sheets in 
high latitudes and the lowering of sea level which resulted in exposure of large areas of the 
continental shelves [2, 3]. 
We present new reconstructions of potential river pathways under glacial conditions and of 
the glacial distribution of wetlands and lakes. These are produced by a hydrological routing 
scheme (HYDRA) [4], forced by runoff, precipitation and evaporation fields derived from 
simulations of the LGM climate made by multiple models participating in Palaeoclimate 
Model Intercomparison project (PMIP). These simulations provide a range of plausible 
estimates for the location and extent of wetlands under glacial conditions, and thus for the 
magnitude and location of wetland-derived methane emissions at the LGM compared with the 
present-day. 

biomass

V V(x)

m
DV~

biomass diffusivity 
[m2.s-1]

biomass mortality 
rate [s-1]

stripe width

Insolation I(x)

distance along meridian x poleequator

biomass

V V(x)

m
DV~

biomass diffusivity 
[m2.s-1]

biomass mortality 
rate [s-1]

stripe width

Insolation I(x)

distance along meridian x poleequator



201 

Biophysical climate-feedbacks caused by changes in river drainage patterns (and hence the 
location of freshwater fluxes to the ocean), and the extent and location of lakes and wetlands 
(and hence land-surface albedo), have the potential to produce further changes in the 
distribution and productivity of wetlands, and hence biogeochemical cycling. The 
implications of these biophysical feedbacks on glacial climates are being examined within a 
recently initiated project, ORMEN [5]. In this project, simulated changes in the terrestrial 
component of the hydrological cycle will be used to force a faster, low resolution version of 
the Hadley Centre atmosphere-ocean model (FAMOUS) to examine the impact of changes in 
the land-surface conditions, and of runoff volumes and routes, on the thermohaline circulation 
and climate. Ultimately, the FAMOUS simulations should provide a more realistic estimate of 
the role of changes in wetlands in global biogeochemical cycles. 
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Does land cover change improve or deteriorate the climatic conditions for 
vegetation productivity? 
Kleidon, Axel 
University of Maryland, USA 
akleidon@umd.edu 
Vegetation shapes the physical exchange of energy, water and momentum at the land surface.  
As human actions transform the landscape into agricultural use, the interaction between the 
land surface and the overlying atmosphere is modified, resulting in climatic impacts of land 
cover change. Several studies with climate system models have shown that land cover 
changes can result in substantial effects on land surface exchange. Studies that focused on 
historical land cover change in temperate regions generally show cooler surface temperatures 
of the modified land surface, primarily due to an increase in surface albedo [1, 2].  In contrast, 
studies of tropical deforestation mostly show a warming of the deforested landscape [3-6]. 
Because of these different effects on surface temperature, the climatic impacts of land cover 
change are difficult to compare to the climatic effects of elevated concentrations of carbon 
dioxide, which lead to a consistent warming of the surface.   
Here I start by presenting a novel approach to investigate and analyze the climatic impacts of 
land cover change.  I use the concept of human appropriation of net primary productivity 
(HANPP [7, 8]) and apply it to a dynamic global vegetation model that is embedded in an 
Earth system model of intermediate complexity [9]. Humans appropriate terrestrial 
productivity to meet their food supply, and by doing so, divert productivity from the vegetated 
surface.  This removal of productivity has its direct impacts in that less carbon are available 
for vegetation growth.  I implement this concept by artificially removing different fractions of 
the simulated net primary productivity within the model and investigate the resulting climate 
sensitivity. 
The simulations show noticeable differences in the surface energy- and water balance, with a 
consistent reduction in the amount of absorbed solar radiation and latent heat flux of up to 10 
W m2 and 27 W m2 respectively and a reduction in continental precipitation by up to 30 % in 
the global land mean when compared to the "Control" climate (Fig. 1).  These sensitivities are 
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similar in magnitude and mechanism to previous sensitivity simulations to land cover change 
(i.e. cooling in temperate regions and warming in tropical regions with increased 
appropriation)  and, at the extreme, lead to a similar climate sensitivity as a study of a “Desert 
World” climate [10].  However, the study also shows that surface temperature is insensitive at 
the global scale (despite the pronounced regional deviations) and is therefore not well suited 
to characterize the climatic sensitivity to land cover change at the global scale.  At the same 
time, the climatic conditions with increased human appropriation are such that they allow for 
less vegetation productivity, thus resulting in deteriorated climatic conditions for vegetation 
productivity.  The results therefore suggest that viewing the climate sensitivity through its 
effects on vegetation productivity would seem a more suitable way to characterize the 
climatic impacts of land cover change than simply characterizing the climate sensitivity by 
differences in surface temperature. 
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Fig 1. Sensitivity of the simulated 
climate over land to different 
intensities of human 
appropriation of vegetation 
productivity (fHANPP).  Shown are 
the components of the terrestrial 
water- and energy balance (a, b) 
with precipitation (PREC), 
evapotranspiration (ET), 
convergence of atmospheric 
moisture transport (PME), 
absorption of shortwave 
radiation (SW) and emission of 
longwave radiation (LW) at the 
surface, and sensible and latent 
heat fluxes (SH, LH , right 
scale); (c) surface temperature; 
and (d) net primary productivity 
(NPP) and human appropriation 
(HANPP). 
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Drought in an Australian tropical rainforest - a flux study 
Liddell, Michael J., Turton, Stephen M., Blake, David J.  
Cooperative Research Centre – Tropical Rainforest Ecology and Management,   
James Cook University, Australia. 
michael.liddell@jcu.edu.au 
Global warming induced climate change is projected to show marked effects on average 
temperatures and water availability in the Wet Tropics region of North Queensland (1), the 
region becoming hotter and drier.  In this small region of the Australian continent (<0.1% 
surface area) a large proportion of Australian continental biodiversity is preserved (36 % of 
Australian mammals, 50% of the birds, 65% of the ferns …).  The effect of a temporary 
climate perturbation on one of the forest types that support this biodiversity was looked at in 
this study. In March 2001 a flux station was installed as part of the OzFlux network at the 
Australian Canopy Crane Research Facility, Cape Tribulation in complex mesophyl vine 
forest on the coastal lowlands of North Queensland.  In the two years subsequent to the 
installation (2002, 2003) a major drought influenced eastern Australia and at Cape 
Tribulation, one of the wettest places in Australia, the rainfall dropped from 3.9m/yr (mean 
last 40 years) to 2.4m/yr.  In the World Heritage listed rainforest at Cape Tribulation the 
effect was pronounced with uncharacteristic major leaf-fall events occurring during the dry 
season in each of these two years.  The flowing/fruiting behaviour of the forest also changed 
during the drought with flowering significantly reduced in 2003.  
In this study we have looked at the effect of the drought on the carbon and water fluxes over 
the forest (45m) using eddy covariance measurements.  In 2001 the forest was a net sink for 
carbon and both the carbon and water fluxes showed distinct seasonal variations. As this 
region of the tropics (16oS) has marked wet (December - April) and dry seasons (June - 
November) this was to be expected.  The drought that commenced in November 2001 and 
continued until January 2003 resulted in dramatic changes in the carbon flux components.  
Respiration increased and photosynthesis decreased resulting in a change from net fixation to 
an essentially carbon neutral forest.  At the start of 2004 an above average wet-season 
terminated the drought but the forest did not respond immediately to the increased water 
availability.  While respiration rapidly returned to pre-drought levels photosynthesis did not 
recover fully until 2005. The indication from this study is that tropical forests will contribute 
to positive feedback as climate change occurs, a hotter and drier climate will promote more 
respiration and less photosynthesis. 
The tropical lowland rainforests of Australia and South-East Asia are under intense pressure 
from agriculture and urbanisation.  Coupled with increased climate stress the future does not 
look good for the great variety of endemic species that survive only in these lowland habits. A 
survival forest under future climate scenarios (1) will no doubt support a range of wildlife but 
it is unlikely that emblems of the northern Australian rainforest such as the southern 
cassowary (a large flightless endangered bird found at Cape Tribulation), that relies on a wide 
range of fruiting rainforest trees, will survive the transition. 
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Dramatic reduction in Swedish carbon sink caused by storm Gudrun in 
January 2005 
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It has become more and more evident that disturbances by fire, insects, diseases, wind throw 
etc are major factors determining the regional forest carbon balance. These disturbances can 
also be seen as, often dramatic, examples of changes in land-cover. In North America, forest 
fire is one of the main determinants of the carbon balance on a regional scale but in Sweden 
other disturbances are more important since fires normally are well controlled and occur only 
on smaller areas. The main natural disturbance, which occurs with irregular intervals, is wind-
throw. A dramatic example of such a disturbance was recently shown by the storm ‘Gudrun’ 
which hit southern Sweden on 7 January 2005. Maximum wind gusts were in the order of 35 
m s-1 in the middle of southern Sweden and these were the highest ever recorded since this 
type of gust measurements started. It has been estimated that 75 Mm3 of wood fell during this 
single event, which roughly corresponds to the annual harvest in Sweden 
(http://www.svo.se/minskog/templates/Page.asp?id=14879).  
The county of Småland in southern Sweden was among the areas that were most severely hit 
by ‘Gudrun’. An middle-aged to mature spruce dominated forest covering an area of ca. 30 ha 
closely located to the Experimental Forest Station Asa was almost completely felled by the 
storm. During the cleaning operation heavy machinery was used and this caused also some 
disturbance to the soil surface. During wind-throw, many rooting systems are broken up and 
within a circular area of 100 m radius from the flux tower (see below), it was estimated that 
75 to 80 % of the trees rooting systems were severely disturbed.  
Immediately after the cleaning operation was finished a closed-path eddy covariance system  
was installed centrally on the wind-throw area. The flux system data analyses is made 
according the Euroflux methodology [1] using planar fit for estimation of vertical wind 
component. Flux measurements in this analysis covers the period 12 July 2005 to 13 
September 2005. The system showed almost perfect energy balance closure with a regression 
coefficient close to unity when plotting half-hourly sum of sensible and latent heat flux 
against net radiation minus soil heat flux. The gas analyzer was calibrated just before and 
after the measurements started. Weather data was taken from the meteorological station 
operated at Asa Experimental Forest ca 5 km from the flux site. 
The BIOME-BGC model [2] was used to extrapolate the measured time series to a full year 
using climatic data from Asa Experimental Forest from 12 September 2004 to 13 September 
2005. Thus, the period 12 September 2004 to 31 December 2004 was used as a projection for 
the end of 2005. The model has recently been modified and calibrated for Swedish conditions 
[3] and additional calibration was made here against the measured NEE. The main adjustment 
was to adjust the turnover rates in the litter and soil compartments to get a god agreement 
between simulated and measured fluxes. The amount of debris, which was input to the litter 
compartment after the storm, was estimated from biometric equations valid for Swedish 
conditions. The correlation between the modelled and measured NEE was good with a 
regression coefficient r2=0.616 and with a slope of 1.  
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Analysis of flux measurements showed that air humidity played an important role in 
controlling respiration besides air temperature. For mean night time data, the air temperature 
explained 40% of the variation while a multiple linear regression model including vapour 
pressure deficit the day before, increased explained variance to 58%. Air temperature was 
better correlated to respiration than soil temperature probably because most of the respiring 
substrate was on top of the soil.  
There was practically no vegetation left on the ground after the wind throw but we observed a 
successive and relatively rapid increase in the amount of grasses and raspberry bushes. This 
was also seen in the light response functions where the NEE became more negative at similar 
light intensities during the later part of the season (Fig. 1). The daily mean NEE rates during 
July, August and September were 19, 15 and 4 g CO2 m-2 d-1, respectively. These are much 
higher than those from a ‘normal’ clear-cut, which are typically in the range 2-5 g CO2 m-2 d-1 
the year after harvest (Grace et al., 2000). The cumulated NEE over the whole measurement 
period 12 July to 13 September was 1166 g CO2 which should be compared to -451 g CO2 
which a pre-storm stand would have taken up according to BIOME-BGC.  
The annual NEE of the wind-throw was estimated to 1050 g C m-2. Using BIOME-.BGC also 
to estimate what the pre-storm forest would have taken up gave an annual value of –137 g C 
m-2.  Thus the wind-thrown area is loosing 1187 g C m-2 relative to the un-felled area. We 
estimated the ‘effective’ totally cleared wind-
thrown area to 300000 ha based on the 
estimated felled volume of 75 Mm3 and 
average standing volume of 250 m3 per hectare. 
Thus, instead of an uptake of ca 0,4 M tonnes 
C, 3,15 M tonnes C will potentially be emitted. 
If we assume that our wind-throw is 
representative for the whole wind-thrown area, 
then the Swedish forests annual carbon balance 
of ca 29 M tonnes C [3] will be weakened by 
ca 13%. This reduction of the sink also 
corresponds to ca 25% of the total annual 
emission from Sweden which is 15 M tonnes 
C, a remarkably high value caused by a single 
storm. Conclusion is that storms in the future 
might have a highly significant effect on the 
carbon balance of forest.  
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The effect of biomass burning aerosol radiative forcing on the CO2 flux for 
the LBA Santarem tower 
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Biomass burning aerosols strongly affects the radiative forcing in Amazonia during the dry 
season for large areas. In this study, the effect of biomass burning aerosols and the clouds 
coverage have been studied along with the CO2 flux (NEE) and meteorological variables in 
Belterra (Santarém, Pará). For this purpose a dynamical model for optical properties of 
biomass burning aerosols was used coupled with a radiative transfer model. The CO2 flux 
(measured using eddy correlation techniques), photosynthetically active radiation (PAR by 
quantum sensor LI-COR) and optical thickness of aerosols (AOT measured with AERONET 
sun photometers) were measured. A significant increasing of NEE as a function of the 
increasing of the AOT during the dry season was observed, up to a certain level. This is a 
result of the increase in diffuse radiation, despite the reduction in the direct flux(1). 
Comparison between Santarem and Rondonia measurements will be done. 
[1] Yamasoe, M., et al., Atmos. Chem. Phys. Discuss., 5, 5909 (2005) 

Water resources and climate change: an Indian perspective 
R. K. Mall  
Central Ground Water Board 
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There is now clear evidence for an observed change in India’s surface temperature, rainfall, 
evaporation and extreme events since the start of 20th century. In recent times, several studies 
around the globe shows that climatic change is likely to impact significantly upon fresh water 
resources availability. In India, the demand for water has already increased manifold over the 
years due to urbanization, agriculture expansion, increasing population, rapid 
industrialization, and economic development. The problem of deteriorating water quality 
presenting new challenges on water management and conservation front due to unplanned 
development of surface and groundwater resources, municipal and industrial wastes and 
excessive application of fertilizers and chemicals to increase the agricultural production. 
Changes in cropping pattern, land use pattern, overexploitation of water storage, irrigation and 
drainage is also modifying the hydrological cycle in different climate regions and river basin 
of India. In view of the above, sustainable management of water and the supporting natural 
environment have gained considerable importance in recent years. An assessment of the 
availability of water resource in the context of future national requirements taking particular 
account of the multiplying demands for water and expected impacts of climate change and 
variability is critical for relevant national and regional long-term development strategies and 
sustainable development. This study examines the potential for sustainable development of 
surface and groundwater resources within the constraints imposed by the possible climate 
change and hydrologic regimes and suggests some adoptive measures and future research 
needs in India.  
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A localized land surface-boundary layer feedback mechanism in a GCM 
simulation 
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A series of GCM simulations with two different techniques for modeling the land-atmosphere 
interface over heterogeneous terrain were performed with the GEOS-3 GCM. The techniques 
are the Extended Mosaic (EM) technique [1] and the standard mosaic technique. The direct 
impact on the simulations of the change in technique is an initial increase in EM of the sub-
grid scale variability of the near-surface fields, which is characterized by the turbulent kinetic 
energy (TKE) near the surface [2].  The EM-M difference fields were assumed, then, to 
represent the climate mean response to a perturbation in the turbulent kinetic energy,  EM-M 
differences revealed a feedback loop, in both a ‘plus’ and a ‘minus’ phase depending on the 
Bowen ratio of the underlying surface [3]. The feedback loop is depicted in figure 1. The top 
of the schematic represents the initial response to the perturbation, an increase in the diffusion 
of heat and moisture into the boundary layer. Over regions where the simulated Bowen ratio 
is 0.5 or less, the increase in boundary layer temperature and humidity results in a reduced 
relative humidity, and the feedback proceeds along the path depicted on the left side of the 
figure. Reduced relative humidity leads to less precipitation, drier soil, less evaporation, 
warmer canopy temperature, more eddy diffusion and warmer temperatures. Over regions 
where the Bowen ratio is larger,  the increase in boundary layer temperature and moisture 
leads to an increase in relative humidity, and the ‘minus phase’ of the feedback proceeds as 
depicted in the right loop of the figure.  

 
Fig 1. Schematic of the feedback loop showing the EM-M differences over different regions of the 
globe.  The initial response to EM is depicted in black at the top of the schematic, showing an increase 
in turbulence and diffusion of heat and moisture. The ‘plus phase’ of the feedback was seen over the 
eastern U.S. and is depicted in the left section of the loop, and the ‘minus phase’ was seen over 
Mongolia and is on the right. RH is relative humidity, Pr is precipitation, Sm is soil moisture, Ev is 
evapotranspiration, Tc is canopy temperature, Kh is the eddy diffusion coefficient for heat, T is the 
atmospheric temperature and q is the atmospheric humidity. 

The present work is aimed at establishing the robustness of the feedback loops which were 
interpreted as a response to a perturbation in the sub-grid scale variability near the surface.  
The first step is the examination of the EM simulation alone, and the assessment of the 
feedback loops within the context of model variability. To this end, ‘high TKE’ and ‘low 
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TKE’ composites were computed for the fields 
which are part of the feedback loop. The 
composites were computed based on the summer 
months during which the TKE is above the JJA 
mean and the months during which the TKE is 
below the JJA mean. The ‘high TKE’ – ‘low 
TKE’ differences over the eastern U.S. are shown 
in figure 2, which demonstrates the existence of 
the ‘plus phase’ of the feedback. Proceeding 
clockwise around the panels of the figure starting 
with panel h, a high TKE is associated with lower 
relative humidity, lower precipitation, drier soil, 
less evaporation, warmer canopy temperature, 
more sensible heat, more diffusion, warmer 
boundary layer temperature and lower relative 
humidity. The presence of the feedback as seen in  
TKE composites from  a single simulation adds to 
the robustness the  EM-M result, and will 
facilitate the examination of observation evidence 
for the presence of the feedback in both its ‘plus’ 
phase and its ‘minus’ phase. The response to a 
change in the level of subgrid scale variability has 
implications for the response to natural and 
anthropogenic changes in land use. 
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The effect of anthropogenic activities on climate change 
Edward  D’Jivetti Mulaama 
Environmental Information Research Network of Africa (ENVIRONET), 
P.O. Box 8703-00300 Kenya.  
mulaama2environet@yahoo.com, Tel. 254-733-984905, 
Human activities such as pollution, urbanization and agriculture strongly influence the 
biophysical feedbacks around the surface of the earth. In this study, the author examines the 
role of indigenous forests in the atmospheric chemical fluxes and the nature and expanse of 
the earth’s surface like the roughness and radiative properties of the earth’s surface. Local 
fluxes and large-scale weather determine the conditions for plant growth. Thick forests like 
those in the Africa absorb more radiation than bare soil or snow. This study finds that 
terrestrial biomass affects the chemical composition of the atmosphere. Forests emit many 
biogenic aerosol particles, which form much of the cloud condensation nuclei. Since aerosols 
transport important plant mineral nutrients like phosphorus, the effects of clouds coupled with 

 
Fig 2.The ‘positive phase’ of the feedback 
loop over the U.S. in JJA. Panels are 
differences between a high TKE composite 
and a low TKE composite from the EM 
simulation. Panels are: a) canopy 
temperature in deg K, b) sensible heat in 
w/m2, c) latent heat flux in w/m2, d) eddy 
diffusion coefficient in m2/sec,  e) shallow 
zone soil  moisture in fraction of field 
capacity, f) temperature at 850 mb  in deg, 
g) precipitation in mm/day, and h) relative 
humidity at 850 mb. 
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radiative effects of the aerosol particles have strong effects on the atmospheric balance and 
the concentration of gases over the expansive forests of Africa. This study argues that the 
transport of trace gases like CO, hydrocarbons, water vapour and aerosol particles by strong 
convection over expansive forests like those in Africa is very powerful.  
This paper examines in detail how human activities especially on forests influence the 
oxidising capacity of the atmosphere and how anthropogenicaly produced aerosols contribute 
to climate change. Fossil fuel, biomass burning and land use change alter the proportion of 
trace gases, in the atmosphere releasing soot, dust and a rise in CO2 concentration. The author 
investigates the effects of fires on regional and global climate. The author argues strongly 
here that anthropogenic activities modulate land-atmosphere interactions and determine the 
direction and magnitude of active nitrogen oxide and hydrocarbon fluxes. Agriculture through 
crops offers carbon sinks but of a lower capacity compared to indigenous forests. Case studies 
in Africa show that increased landscape disturbances may convert a forest from a strong 
carbon sink to a weak one and disrupts the stability of the ecosystem.  The author concludes 
that a substantial amount of CCN hovering over the Congo, Kaimosi, Kakamega, Gabon and 
Cameroon forests in Africa is biogenic. The vegetation of those forests influences the 
precipitation patterns that in turn influence the nature of the vegetation covering Africa.  

An assessment of the impacts of global anomalies and human interference 
on the environment on the temporary climate shifts and hydrological 
extremes over India 
Shadananan Nair 
Centre for Earth Research and Environment Management, India 
nair59@yahoo.com  
Global climate anomalies together with human impact on the environment have affected the 
regional hydrological processes, affecting regional climates.  Temporary shifts in regional 
climate and hydrological extremes have impact on all facets of life in India, as economy and 
life are largely related to agriculture that is highly sensitive to climate changes. Extremes in 
rainfall, temperature and rainfall seasonality have affected agriculture in different parts of the 
country in many occasions. India is included in the list of countries having dry lands that are 
potentially threatened by desertification. Large variations in the seasonality of rainfall, 
especially winter monsoon have lead to the eradication of certain seasonal plants and to the 
sharp reduction in pre-monsoon water availability in certain parts. Change in land use and 
encroachment into forests have created large variations in temperature and soil moisture 
conditions, affecting the regional hydrological processes, leading to extremes. The fast rising 
population and associated demands in food necessitates the development of adaptive 
mechanisms to such changes, for which an assessment of the factors influencing the 
hydrological processes, and shift and trend in regional climate are necessary. In this paper, an 
investigation is made on the relationship between the hydrological extremes and regional 
climate shifts in different meteorological subdivisions of India with different phases of the 
southern oscillation index and with global temperature anomalies, using data for the last 100 
years. Role of SST in this in selected region also have been examined. Climate shifts, a 
reflection of changes in local rainfall, temperature and soil moisture conditions have been 
assessed, based on the Thornthwaite’s (1948) model, after modifying (Nair, 2003) it to suit 
the local geographical conditions. 
Regional climates have undergone wide shifts to a wetter or drier category in almost all parts 
of India. Though the extreme positive departures in rainfall were related to the high phases of 
SOI and positive temperature anomalies, negative departures or climate shifts do not show 
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such a strong and direct relationship. Interestingly, no significant relationship between global 
anomalies and the Hydro Thermal Coefficients, good indicators of changes in moisture 
condition and climates, could be established. In the coastal zone, influence of local system is 
more pronounced than SST deviations. The aridity index derived from the model that depends 
on rainfall and temperature conditions can be used as a measure in assessing tendencies in 
local climate. Aridity indices showed large variations in all zones during the last century, and 
the seasonality of rainfall influenced the aridity more than the deviations in total rainfall, 
affecting the existence of several plant species. Extremes in aridity and rainfall coincide with 
global anomalies in certain occasions, but a direct one to one relationship could not be 
established in any of the zones. Though not significant at present, the small trends in climate 
and in aridity in certain parts will have major consequences in India in near future. 

Deforestation, water scarcity and climate change: a case study in Uganda 
Ms Nambajjwe Irene K.M. 
Faculty of Social Sciences, Makerere University,  
P.O Box 22500 or 7062, Kampala, Uganda, East Africa.  
Tels: +256-41-532-752/+256-77-903-292, Fax: +256-41-533-640/541-068 
nimk2005@yahoo.com  
Studies conducted over the past century show an increase in global temperature by 5oC.  It 
was reported by BBC and CNN that the heat wave which killed over 3000 people in Spain 
and over 10,000 in France and United Kingdom in June 2003 was due to the phenomenon of 
global warming (June 2003).  It was also reported by the local media that L. Tanganyika in 
Tanzania, East Africa experienced an increase in temperature by 0.6oC and this caused some 
fish to disappear (June 2003).  Furthermore, it has been reported that climate change has been 
associated with the increased malaria and other diseases like cholera in East Africa.  In 
Kabale district, located south-western part of Uganda, the people reported increased 
prevalence of malaria which they attributed to climate being much warmer than it used to be 
50 years ago.   
The development of law on climate change has been controversial because of the need to 
accommodate an array of national interests by all parties concerned.  It is without doubt that 
global development is tied to exploitation and utilization of the very natural resources 
perceived to be the major source of carbon dioxide.  Previous efforts to design global 
protocols to check on industrial emissions of carbon dioxide gas into the atmosphere in mid 
1980s and early 1990s stalled because some facts about the phenomenon were alleged to be 
still loosely understood (Mourrison and Rüdiger, 2000).  According to Bolin et al, (2001) the 
Kyoto protocol negotiated in 1997 has since recognized a set of measures to reduce and 
sequester atmospheric carbon dioxide.  The protocol recognizes the following a) the potential 
contribution of carbon sinks above and below the ground biomass and soil carbon to reduce 
net greenhouse gas emissions into the atmosphere through a range of Land Use Change and 
Forestry activities (b) the planting of trees as measure to remove atmospheric carbon dioxide 
because it can be sequestered for decades above and below the ground and soils for centuries 
even where growing slows (c) in addition to reducing carbon dioxide emissions aforestation 
and reforestation activities simultaneously benefit biodiversity, water resources and other 
ecological goods and services.   
In Uganda over 92% of the national energy demand is met from wood fuels, and 70% of 
Uganda’s forests cover is on private land, much of which is not regulated or managed. 
Furthermore, forests are a source of clean water for 3.3 million rural households in Uganda 
(Forestry brief No.1). Studies carried out in Nyabushozi district in 1966 and 1974 classified 
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the dominant vegetation type as an Acacia/Themeda association.  This vegetation has been 
significantly modified over much of the district because of grazing and burning while other 
activities such as cultivation, settlement, construction of dams and cattle kraals have had an 
impact on the vegetation.  This has transformed the geohydrological characteristics and 
patterns of the area leading to reduction in water availability and consequently to climate 
change.   
The study was carried out in four districts (Katakwi, Kabarole, Nyabushozi and Ntungamo) in 
Uganda which are facing serious drought. It focused on the assessment of the linkage of 
deforestation, water scarcity and climate change. Questionnaire and focused group interview 
methods were used to collect data from 800 people, with 200 people per district. Data analysis 
was performed by descriptive statistics (SPSS, Chi-squares and percentages).   
All the study areas reported considerable amount of vegetation clearance having caused water 
degradation, drought and climate change. The mostly reported indicators to degradation were 
water scarcity, muddy water due to siltation and changes in water colour.  The districts, 
however found with the highest levels of water degradation, were Katakwi, and Kabarole.  
Water scarcity in Katakwi was so critical that during focused group discussions it was ranked 
as the most occurring environmental change in the area following deforestation. The 
implication of this is that pastoralists respond to water scarcity by migrating and moving their 
herds to other areas where water and pasture can be obtained, which in turn causes further 
degradation.  For example, data from questionnaires indicated that the most significant 
reasons given for moving cattle during the dry season is search for water and pastures (i.e. 
Nyabushozi-84%; Ntungamo-50%; Kabarole-15.6% and Katakwi- 51.4%).  Movements were 
reported to be greatest in Nyabushozi and Katakwi with 84.2% and 75.7% of the respondents 
reporting respectively. However, these movements sometimes end up into violent clashes. 
Given the status of the Uganda’s forest resources (i.e., only 30% being owned by the state and 
70% by people), and their contribution to rural livelihoods (where 80% of Uganda’s 
population live) in terms of watersheds and direct income, and their ability to mitigate climate 
change, I recommend serious and urgent aforestation and re-forestation programs to be 
undertaken in these districts. Aforestation and re-forestation are both recognized strategies by 
the Kyoto Protocol to ameliorate global warming. According to suggestions made at a two-
day climate seminar in Bonn (CLIM-FO-L No. 05/2005 2), It was stated that developing 
nations should be paid to preserve tropical rainforests as part of a drive to slow global 
warming. Most efforts to rein in climate change have so far focused on curbing carbon 
dioxide emissions from cars, power plants and heavy industry, while paying little attention to 
forestry. But Robert Aisi, Papua New Guinea's delegate at the 190-nation seminar which aims 
to widen the Kyoto Protocol on slowing climate change said: "Forests are our assets and 
should be valued." (CLIM-FO-L No. 05/2005 2). 
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Climatic extremes over the equatorial East Africa and their teleconection 
with the Indian-Ocean dipole mode 
Owiti Zablone Okolla (1), Ogallo Laban(2) 
(1) Uversity of Nairobi, Kenya 
(2) IGAD Climate Prediction and Applications Centre (ICPAC), Nairobi 
zowiti@icpac.net 
This study was devoted to the improvement of prediction skill of east African seasonal 
rainfall through the use of improved knowledge of the teleconnections between Indian Ocean 
Dipole (IOD) evolution phases and the East African rainfall variability. The specific 
objectives of the study included determination of teleconnections between east African 
seasonal rainfall extremes and space-time evolutions of the various IOD phases; investigating 
the physical mechanisms of the teleconnections; and determination of the predictability 
potentials of IOD indices in order to enhance our understanding of interannual variability and 
advancement of climate prediction skills over sub-region. 

Statistical and dynamical methods were adopted in the study. The statistical methods used 
in the study include standardization of anomaly indices; together with correlation, 
regression and composite analyses.  Space-time characteristics of a series of dynamical 
parameters were investigated using products from ECHAM4.5 general circulation model 
(GCM) and the NCEP/NCAR reanalysis to ascertain the physical reality of the IOD-
seasonal rainfall linkages derived from the statistical approaches. 

We show that the pattern in SST anomalies reflected by the IOD indices affects the climate 
system during the OND season. It may be concluded from this study that the linkages that 
were observed from the statistical analyses had some physical reality.  Such information will 
help to improve monitoring, prediction and early warning of extreme rainfall events over east 
Africa, reduce the vulnerability, and improve the resilience of the society of the region to 
negative impacts of extreme rainfall events that are common in the region. 

References:  
[1] C.J.C Reason, et al 1996, J. Geophys. Res., 101, 11867-11882. 
[2] N.H Saji, et al., 1999, Nature, 401, 360-363. 
[3] N.H Saji, and T Yamagata,  2003, J. Clim., 16, 2735-2751. 
[4] P.N.S Vinayachandran,. et al, 2002, Deep-sea Res., 49, 1573-1596. 
[5] P.J Webster, 1981, J. Atmos. Sci., 38, 554-571 
[6] P.J Webster, PJ., et al 1999, Nature, 401, 356-360. 
[7] T.S.K Yamagata,. et al, 2002, Clivar Exchange, 24, 15-18,20-22. 
[8] T.S.K Yamagata,. et al, 2003, Bull. Amer. Meteor. Soc., 84, 1418-1421. 



213 

Climate forcings, feedbacks, and teleconnections in the land surface-
vegetation-water components of the climate system: Consequences and an 
alternate paradigm to climate prediction 
Roger A. Pielke Sr. 
Colorado State University, Atmospheric Science Dept., Fort Collins, CO 80523, United States 
pielke@atmos.colostate.edu 
The recognition that land-use/land-cover changes are a first-order climate forcing is now 
recognized, as exemplified, for example in the National Research Council (2005) report. 
These changes result in altered local, regional, and global land-atmospheric interactions. That 
report specifically concluded the following in the Executive Summary on the NRC report, 
“Several types of forcings—most notably aerosols, land-use and land-cover change, and 
modifications to biogeochemistry—impact the climate system in nonradiative ways, in 
particular by modifying the hydrological cycle and vegetation dynamics. Aerosols exert a 
forcing on the hydrological cycle by modifying cloud condensation nuclei, ice nuclei, 
precipitation efficiency, and the ratio between solar direct and diffuse radiation received. 
Other nonradiative forcings modify the biological components of the climate system by 
changing the fluxes of trace gases and heat between vegetation, soils, and the atmosphere and 
by modifying the amount and types of vegetation. No metrics for quantifying such 
nonradiative forcings have been accepted. Nonradiative forcings have eventual radiative 
impacts, so one option would be to quantify these radiative impacts. However, this approach 
may not convey appropriately the impacts of nonradiative forcings on societally relevant 
climate variables such as precipitation or ecosystem function. Any new metrics must also be 
able to characterize the regional structure in nonradiative forcing and climate response.” 
The Executive Summary also concludes that, 
“Regional variations in radiative forcing may have important regional and global climatic 
implications that are not resolved by the concept of global mean radiative forcing. 
Tropospheric aerosols and landscape changes have particularly heterogeneous forcings. To 
date, there have been only limited studies of regional radiative forcing and response. Indeed, it 
is not clear how best to diagnose a regional forcing and response in the observational record; 
regional forcings can lead to global climate responses, while global forcings can be associated 
with regional climate responses. Regional diabatic heating can also cause atmospheric 
teleconnections that influence regional climate thousands of kilometers away from the point 
of forcing. Improving societally relevant projections of regional climate impacts will require a 
better understanding of the magnitudes of regional forcings and the associated climate 
responses.” 
My presentation presents observational and modeling evidence on the local, regional, and 
global scale of climate forcings, feedbacks, and teleconnections within the land surface, 
vegetation, water, and atmospheric components of the climate system. 
A conclusion of my presentation is that we need to adopt an alternative paradigm that replaces 
global climate projections as the starting framework with a vulnerability framework that 
assesses future environmental and societal risk. This paradigm starts with the evaluation of 
the spectrum of threats that are possible, so that policymakers can deal with them in a 
prioritized fashion (Pielke 2004; Rial et al. 2004; Pielke et al. 2005). Instead of the current 
paradigm of using global models to downscale to regional and local areas to assess impacts (a 
top-down approach), the new paradigm assesses the vulnerability of specific resources (e.g.,  
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agriculture, water) to the spectrum of environmental risks including climate but also other 
threats (see Fig. 1). Examples of this perspective will be presented in my talk. 
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Fig. 1:  Schematic of the relation of agricultural vulnerability to the spectrum of the 
environmental forcings and feedbacks.  The arrows denote nonlinear interactions 
between and within natural and human forcings. (Adapted from Pielke 2004) 
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Patterns of CO2 and water fluxes measured by flux towers across tropical 
forest, ecotone and savanna ecosystems in Brazil 
Humberto R. da Rocha (1) , Michael Goulden (2), Scott Miller (2), Antonio Manzi (3), Osvaldo Cabral  
(4), Helber Freitas (1), Antonio Nobre (5), Scott Saleska (6), Steve Wofsy (7), Bart Kruijt (8), Celso 
von Randow (8) 
(1) University of Sao Paulo, Brasil 
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(4) Embrapa, Brasil 
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Measurements of water vapour, heat and CO2 fluxes over micrometeorological towers in 
LBA experiment (Large scale biosphere-atmosphere experiment in Amazonia) are discussed 
on the mean diel and seasonal patterns. The eddy covariance technique was deployted over 
five sites in Brasil: (Woodlland savanna) Cerrado sensu strictu; Amazonian tropical forest in 
Rondonia; Amazonian tropical forest in Santarem km83; Amazonian tropical forest in 
Manaus, and ecotone (seasonally flooded savanna) in Bananal island, Amazonia. The set of 
experimental sites comprise an interesting transect of forest phisionomies across the tropical 
ecossystems, since the tropical forest in central Amazonian (Manaus), to the eastern 
(Santarem) and southern (Rondonia) amazonian sectors, and moving on the ecotone (forest-
savanna transition) in Para-Tocantins states, and to the Cerrado sensu strictu (woodland 
savanna) ecosystem in Southeast Brazil. It is discussed how differences in the dry season 
patterns among the sites (varying from three to five months in extension, and with differences 
in temperature amplitude year round), help to control the seasonal patterns of gross primary 
productivity, based on estimates of the mean diel CO2 flux at flux towers (Fig. 1). The 
evergreen tropical forest sites in Amazonia had not ever been reported to experience water 
stress [1,2]. However, in the tropical forest site in Santarem km83, in some years where the 
dry season was severe, we observed that the Bowen ratio measured at the top of tower appears 
as high as those measured over water-stressed vegetation, like the pastureland sites.  
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Fig 1. Daytime surface-atmosphere CO2 flux (15 day mean, in µmol CO2 m-2 s-1) measured by eddy 
covariance over five sites in Brasil: (Woodlland savanna) Cerrado sensu strictu; Amazonian tropical 
forest in Rondonia; Amazonian tropical forest in Santarem km83; Amazonian tropical forest in 
Manaus, and ecotone (seasonally flooded savanna) in Amazonia.  

Land-atmosphere coupling and climate variability in future-climate 
scenarios for the European continent 
Sonia I. Seneviratne (1) , Daniel Lüthi (1), Pier-Luigi Vidale (2), and Christoph Schär (1) 
(1) Institute for Atmospheric and Climate Science, ETH Zürich, Switzerland 
(2) Centre for Global Atmospheric Modelling, Dept of Meteorology, University of Reading, UK 
sonia.seneviratne@env.ethz.ch 
We analyze the hydrological cycle characteristics and climate variability of present (1960-
1990) and future (2070-2100) climate simulations for the European continent. The 
simulations are performed with the CHRM regional climate model, using boundary conditions 
from two different AGCM simulations (HadCM3 and ECHAM4). The main focus of the 
present analysis is the investigation of the underlying physical processes leading to the 
increase in summer climate variability diagnosed in numerous climate-change projections. 
Indeed, it has been demonstrated that future summer climate in the mid-latitudes is likely to 
be both characterized by enhanced heatwave and drought periods [1,2] as well as by an 
intensification of rainfall events [3]. First, we present a detailed validation of the present-
climate experiments. Then, climate-change impacts on key physical processes relevant for the 
investigated issue (convection, soil moisture evolution, large-scale circulation) are analyzed 
thoroughly. Finally, sensitivity experiments using prescribed soil moisture content (and thus 
shutting down the land-atmosphere coupling) are used to shed light on the respective roles of 
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the atmospheric and land-surface processes for the expected future changes in climate 
variability for the European continent. 
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Anthropogenic land cover change impacts on the global water cycle 
Shannon Sterling (1), Agnès Ducharne, Jan Polcher (2) 
(1) UMR Sisyphe, Université de Paris VI 
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Shannon.Sterling@ccr.jussieu.fr 
The 2003 World Water Forum highlighted a water crisis that forces over one billion people to 
drink contaminated water and leaves countless millions with insufficient supplies for 
agriculture industry. This crisis has spurred numerous recent calls for improved science and 
understanding of how we alter the water cycle. Here we investigate how this global water 
crisis is affected by human-caused land cover change. We examine the impact of the present 
extent of land cover change on the water cycle, in particular on evapotranspiration and 
streamflow, through numerical experiments with the ORCHIDEE land surface model. Using 
Geographic Information Systems, we characterise land cover change by assembling and 
modifying existing global-scale maps of land cover change. To see how the land cover change 
impacts the water cycle, we input the maps into ORCHIDEE and run 50-year “potential 
vegetation” and “current land cover” simulations of the land surface and energy fluxes, forced 
by the 50-year NCC atmospheric forcing data set. We present global maps showing the 
“hotspot” areas with the largest change in ET and streamflow due to anthropogenic land cover 
change. The results of this project enhance scientific understanding of the nature of human 
impact on the global water cycle. 

Forest response to drought: lessons from the edge of forestation 
Dan Yakir, Kadmiel Maseyk, Naama Raz-Yaseef, Ilya Gelfand and Eyal Rotenberg 
Department of Environmental Sciences and Energy Research, Weizmann Institute of Science, Rehovot 
76100, Israel 
dan.yakir@weizmann.ac.il 
Extreme droughts such as the 2005 drought in south western Europe (Spain and Portugal in 
particular), across Europe in 2003 [1], as well as model predictions of decreased precipitation 
in the entire Mediterranean basin [2], and global-scale evidence for increasing summer 
drought effects in mid and high latitude land ecosystems [3], should all highlight the need to 
better understand the land biosphere response to drought. This is in spite of the general 
expectation that global warming should enhance the hydrological cycle, which can accrue 
mostly over the ocean. 
We report on observations from a research site that is likely at the driest limit to forest growth 
(the Yatir afforestation site in southern Israel), where the forest is permanently, rather then 
episodically, exposed to soil and/or atmospheric water stress. We show that forest growth 
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under these conditions results with dramatic and differential shifts in phenology and gas and 
energy exchange patterns. For example, leaf emergence advanced in Mediterranean 
ecosystem over the past 50 years by about 16 days [4]. Leaf emergence in pine forests in 
Spain was observed at about day 122 (beginning of May), and at our site as early as day 80 
(late March).  Yet, this insufficient adjustment imposed stiff limits on ecosystem adjustment 
to drought conditions as it still results with leaf elongation peaking during the most stressful 
summer period. This required additional leaf-level, physiological, adjustments (e.g. 
pigmentation, reflectance, leaf conductance). In contrast, photosynthesis, respiration, 
evapotranspiration and water use efficiency peak at the optimal time, when soil moisture is 
maximal and temperatures are mild, during Feb-March (as opposed to peak activity in mid 
July in temperate forests). Notably, the overall result in our case study are a 40 years old, 
open canopy forest (~1.5 LAI) with NEE as high as 2.3 t ha-1 [5] under <300 mm annual 
precipitation (similar NEE, for example, to Harvard forest with ~1100 mm precipitation). 
Growth under dry conditions resulted in clear offsets between seasonal changes in major 
ecosystem activities and seasonal changes in climatic parameters. This included, for example, 
sharp deviations from the “conventional” assumptions of co-variation of temperature and 
respiration or photosynthesis, or of physiological activities and photosynthate availability. 
This provides an opportunity to partition effects of soil moisture, atmospheric VPD and 
temperature on forest gas exchange and productivity, and assess their hierarchy in 
determining the length of the growing season and its inter-annual variations. While the results 
show clear decrease in temperature and increase in soil moisture controls over ecosystem 
functioning, the complex interactions demonstrate the limitations in extrapolating ecosystem 
response to change, such as in large scale models, only from episodic or narrow range 
variations in climatic conditions at temperate sites. 
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The relative contribution of the uppermost soil layer to the total soil heat 
flux at different timescales 
Agam Nurit, Raz-Yaseef Naama, Rotenberg Eyal and Yakir Dan 
Department of Environmental Sciences & Energy Research, Weizmann Institute of Science, Rehovot 
76100, Israel  
nurit.agam@weizmann.ac.il, nurit.agam@gmail.com (permanent address) 

Motivation and Objective 
Due to its relatively small contribution to the energy balance, the soil heat flux receives little 
attention in ecosystem flux studies.  In open canopies, however, the soil surface receives high 
radiation levels [e.g., 1] that can produce large soil heat fluxes.  Moreover, under these 
circumstances the soil can act as a significant sink of energy during the summer and a source 
of energy during the winter, influencing ecosystem functioning[2]. 
Soil heat flux can be measured directly by means of calibrated heat flux plates or be deduced 
from temperature and moisture content measurements; or best, by a combination of the two.  
It is often suggested to measure the soil heat flux at a depth of 5 to 10 cm by a soil heat flux 
plate and to determine the heat storage above the plate from successive temperature profiles 
[3].  Nevertheless, studies in which the soil heat flux is measured by soil heat flux plates 
installed at the recommended depth, without accounting for the soil heat storage at the 
uppermost layer are relatively common [4-8].  Estimation of the contribution of the uppermost 
soil layer to the total soil heat flux is, therefore, important, and may provide an assessment of 
the errors introduced in studies not accounting for this quantity.  The objective of this study 
was to characterize the soil heat flux in an open canopy semi-arid pine forest and to 
quantitatify the relative contribution of different soil layers to the total soil heat flux at diurnal 
and annual timescales. 

Materials and Methods 
The research was carried out in the Yatir afforestion (6 km long in the west-east direction, and 
about 2.5 km wide in the north-south direction) located in a transition between arid and 
semiarid zones [9]. The forest consists of mainly Pinus halepensis growing in poor soil 
conditions with a deep (~300 m) ground water table.  The trees density is about 360 hectare-1, 
their mean height is ~12 m, and the leaf area index of 1.3 to 1.5.  A measurement station was 
set up at the center of the Yatir forest, based on a 19-m high flux tower and surrounding 
measurements.  Above canopy measurements included: Incoming and outgoing short- and 
long-wave radiation; air temperature; relative humidity; wind speed and direction; 
momentum, latent and sensible heat and CO2 fluxes.  Soil heat flux was measured by 9 soil 
heat flux plates installed at a depth of 8 cm.  Above 5 soil heat flux plates, temperatures were 
measured at depths of 6 and 2 cm.  Soil water content (uppermost 30 cm) was measured at 3 
locations. 

Results 
One year data (Oct. 1, 2003 – Sep. 30, 2004) were analyzed.  The annual course of the daily 
sums of soil heat flux reveals that the soil acts as a sink or source of energy and that the 
contribution of the uppermost 0-8cm (UPPER layer) is fairly small (25% of the total soil heat 
flux).  In contrast, on the diurnal time-course the layer below 8cm (DEEPER layer) 
contributes to the total soil heat flux a smaller fraction than the UPPER layer (13% and 87% 
of the total soil heat flux, respectively).   
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The contribution of the UPPER layer to the total energy balance was assessed by the degree 
of closure of the energy balance, obtained by examining the linear relationships in plots of the 
sum of sensible and latent heat fluxes vs. the available energy.   Energy balance closure was 
analyzed for four cases: (a) annual data without accounting for the UPPER layer; (b) annual 
data after accounting for the UPPER layer; (c) diurnal data without accounting for the UPPER 
layer; and (d) diurnal data with accounting for the UPPER layer.  Statistics of the best-fit lines 
are presented in Table 1. 
Table 1.  Results of the closure analysis for annual and diurnal timescales with and without inclusion 
of the UPPER soil layer. (SHF – soil heat flux) 
  Annual timescale Diurnal timescale 

  
(a) 
SHF total 

(b) 
SHF BELOW 

(c) 
SHF total 

(d) 
SHF BELOW 

R2  0.90 0.89 0.91 0.89 
Value 
 

1.45 
(MJ day-1) 

1.48 
(MJ day-1) 

24.89 
(W m-2) 

35.95 
(W m-2) Intercept 

Significance N.S. N.S. ** ** 
Value 1.01 1.01 0.88 0.76 
Significance ** ** ** ** Slope Significantly   
different than 1 No No Yes Yes 

N.S. Not significant    
** Highly significant    

Discussion and Conclusions 
The closure of the daily sums data was high (1.01 for both (a) and (b) and is not significantly 
different than 1.  It is, therefore, concluded that on annual timescale, with time units of one 
day, measuring soil heat flux using soil heat flux plates at depth of 8 cm was sufficient in our 
study site. 
On diurnal scale, however, the impact of the UPPER layer on the closure results is significant.  
While the energy closure was only 76% if UPPER layer was not accounted for, it improved to 
88% by accounting for energy flux in the UPPER layer.  It was therefore concluded that on a 
diurnal timescale, with time-units of half-hour, the contribution of the UPPER layer is 
important. There are clear indications that the 12% energy gap at the diurnal scale was due to 
energy storage in the canopy. 
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Fluxes of CO2 in semi arid Sudan 
Jonas Ardö (1), Meelis Mölder (1), Bashir Awad El Tahir (2), Hatim Abdalla Mohammed ElKhidir (2) 
(1) Physical Geography and Ecosystems Analysis, Lund University, Sölvegatan 12, S-223 62 Lund 
Sweden  
(2) El Obeid Agricultural Research and Technology Station P.O. Box 429, 51111, El Obeid 
Sudan 
Jonas.ardo@nateko.lu.se 
Much global carbon cycle research has been focusing on forests, temperate and tropical, 
whereas savannas have received less attention [1]. Savanna ecosystems cover a greater area 
than any forest biome [2] and are due to losses of vegetation and soil organic carbon during 
the last century a potential carbon sink [3, 4]. Taylor and Lloyd [5] estimated that 15% of the 
annual global carbon sink might be attributable to savannas and seasonally dry tropical forest 
ecosystems. Increased water use efficiency due to higher atmospheric CO2 content may 
further enhance this potential [6].  
According to Fluxnet (5 sep. 2005) there are currently five flux sites in Africa including two 
woodland sites, two savanna sites and one grassland site (some more exists in the AMMA 
project etc). One of these sites was recently established by us in central Sudan in the Sahel 
(13.3˚ N, 30.5˚ E), a region where recent vegetation changes have been observed [7, 8] and 
modeled [9].  
This project aims at providing information on carbon dynamics and ecosystem functioning in 
a semi arid savanna through measurements of fluxes of CO2, water vapour and energy. 
Here we present flux data collected during the dry (Julian day 44-45) and moist season (Julian 
day 269-270) of 2005. The site is a sparse savanna with Acacia senegal and a ground cover of 
grass and herbs, located on a deep sandy soil. Mean annual precipitation is 320 mm and fall 
from June-October. November to May is dry. Mean annual temperature is 28˚C. Grazing, 
cultivation and forestry management are controlled. The last rain (2 mm) prior to the present 
dry season measurements occurred on October 18, 2004. The total precipitation in 2004 was 
144 mm. Hence  the soil was very dry during the dry season with a volumetric soil moisture 
of ≈ 5% in the upper 2 m. Approximately 350 mm of precipitation fell during the summer 
2005 prior to the presented moist season measurements. Slightly higher volumetric soil 
moisture (5-9%) was recorded in the upper 2 m during the moist period presented. Maximum 
volumetric soil moisture recorded was 16% (Julian day 197) at 60 cm depth. 
Measurement equipment included an open path infrared CO2/H2O analyzer (LI7500, LICOR) 
a Gill R3 Ultrasonic Anemometer, a net radiometer (NR-Lite, Kipp and Zonen) as well as 
standard devices. The gas analyzer and anemometer was mounted at 9 m height, 
approximately 4 m above the canopy. All data was stored as 30 min averages. The Webb 
correction of the data turned out to be essential for this open-path system. 
Dry season, day- and night-time net ecosystem CO2 fluxes peaked at -1.6 µmol m2 s-1  and 0.6 
µmol m-2 s-1 respectively. Mean day- and night-time fluxes were -0.7 µmol m-2 s-1  and 0.2 
µmol m-2 s-1 respectively (Fig. 1). This corresponds to mean net assimilation of 0.014 mol 
CO2 m-2 d-1 and a water use efficiency of 1.9 g CO2 per kg H2O. 
Moist season, day- and night-time net ecosystem CO2 fluxes peaked at –14.0 µmol m-2 s-1  and 
4.4 µmol m-2 s-1 respectively. Mean day- and night-time fluxes were -6.4 µmol m-2 s-1  and 1.7 
µmol m-2 s-1 respectively (Fig. 2). This corresponds to mean net assimilation of 0.21 mol CO2 
m-2 d-1 and a water use efficiency of 2.8 g CO2 per kg H2O. 
Dry season maximum incoming solar radiation was slightly above 900 W m-2, net radiation 
(Rn) reached >400 W m-2 during mid day. Maximum latent heat flux (λE) and sensible heat 
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flux (H) during the dry season were 
47 W m-2 and 360 W m-2 respectively. 
Soil heat flux (G) was >150 W m-2 at 
noon. λE+H were larger than (Rn-G), 
with an energy balance ratio during 
the dry season of 1.6, whereas an 
energy balance ratio <1 is normal 
[10]. Regression analysis yields 
(LE+H) = 1.4(Rn-G) – 1.8, r2 = 0.89. 
Moist season soil heat flux and soil 
temperatures were not available. 
Maximum λE and H during the moist 
season were 339 m-2 W m-2 and 236 
W m-2 respectively.  
CO2 flux data indicates a weak sink 
during the dry season and a stronger 
sink during the moist season with 
slightly lower fluxes when compared 
to a site in South Africa [1]. This is 
reasonable as our site is dryer. The 
location where Rn and G are 
measured is covered by less 
vegetation and has more bare soil 
compared to the flux measurement 
site, some 300 m apart. This, giving a 
lower Rn and a higher G, may explain 
that (λE+H) > (Rn-G).  

In this first phase will the measurements continue during 2006 and 2007 and will be 
accompanied with studies of the carbon cycle using remote sensing and dynamic vegetation 
modeling. 
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Fig 1. Dry season CO2 flux and latent heat flux. 
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Estimation of the isoprene emission at the Inner Mongolia grassland 
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Abstract Integrated measurements of isoprene emission by a static enclosure technique, solar 
spectral radiation, temperature and relative humidity were carried out at a grassland site in 
the Inner Mongolia, China during the growing season in 2002 and 2003. In fact, isoprene 
emissions are not linearly related to PAR and temperature, and PAR controls the main 
processes related to isoprene emission, thus, PAR conservation is another practical way to 
build quantitative relationships between isoprene emission and its affecting factors. An 
empirical model of isoprene emission was built on the basis of PAR conservation. The 
calculated values agreed well with measured isoprene emission of 2002 and 2003 summer 
and 70% of estimated emissions were within 50% of measured fluxes. Because chamber 
changed inside and outside parameters and emission fluxes, and the emission differences 
were estimated by this empirical model. The modeled results showed that average bias of 
37% for isoprene emission flux around the noon caused by the difference of PAR inside and 
outside the chamber, which was the biggest influence by the chamber. When PAR was low in 
the morning and in the evening, the emission fluxes were close to zero. The integrated 
emissions from the grass during the summer seasons of 2002 and 2003 were calculated, and 
were 1.10 and 1.00 gCm-2, respectively, which contributed to about 3.1%-4.3% and 2.8%-
3.9% to grass respiration.  

For cloudy sky condition (cloudiness ≥6), set m = 1 and all the coefficients keep the 
same, the average of relative bias between calculated and observed isoprene emission fluxes 
was reduced to 72%.  
   The isoprene flux was also measured by fast isoprene system (FIS) in the rubber trees at 
Xishuangbanna Tropical Botanic Garden (XTBG) in the middle of July 2002. On the basis of 
PAR conservation, a similar empirical model of isoprene was also built, and good agreement 
for estimated isoprene flux was obtained. 65% of estimated emissions were within 50% of 
measured fluxes. For decreasing the experimental errors of all measured parameters, and 
exploring the interaction and mutual-relationship between emission flux of isoprene and its 
affecting factors, PAR, photochemical and scattering factors, a good standard for all 
parameters were selected, such as PAR was 1177-1600 µmolm-2s-1, emission flux of isoprene 
was 0.9-1.1 mgCm-2h-1, air temperature was 21-24 �, relative humidity was 65%-80%, 
relative scattering factor was 0.1-0.4, which means the scattering role of clouds was less. 
Thus, 10 group data was selected and used for the re-analysis as before. New estimated 
isoprene emissions were also in good agreement with observed, and 57% of estimated 
emissions were within 50% of measured fluxes. Under relative good conditions, the 
quantitative relationships between all parameters are close to real and objective description of 
the law of nature. 
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Using soil-vegetation-atmosphere transfer models to understand spatial and 
temporal variations in the exchanges mass and energy between the 
terrestrial biosphere and the atmosphere 
Dennis Baldocchi, Alexander Knohl and James Dorsey 
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baldocchi@nature.berkeley.edu 
The rates at which trace gases are transferred between the biosphere and atmosphere depend 
upon a complex and non-linear interplay among physiological, ecological, biochemical, 
chemical and edaphic factors and meteorological conditions.   Here, we use a hierarchy 
(multi-layered and big-leaf) of soil-vegetation-atmosphere transfer model (SVAT) to address 
some contemporary issues facing the ILEAPs community.   
SVAT models have a distinct ability to distill the biophysical mechanisms that explain spatial 
and temporal variations in field flux measurements from such projects like FLUXNET.   First, 
we use the biophysical model, CANVEG, coupled with an Eulerian higher order closure 
model, to deconvolute the impact of covarying biophysical controls (e.g. direct and diffuse 
sunlight, temperature, leaf area index, photosynthetic capacity, length of growing season) on 
CO2, H2O, O3, 13CO2, and C5H8 exchange.  Then we use CANVEG to quantify the integrative 
effects of temporal and vertical variations of microclimatic conditions and model parameters.   
To address issues relating to sub-grid variability, horizontal variations in mass and energy 
fluxes are analyzed using a three-dimensional Lagrangian footprint model and the wet-dry 
version of the Daisyworld model.  With the footprint model we examine how sub-canopy and 
above-canopy footprints are differentiated by their distinct turbulence fields.   Contraction and 
veering of the flux footprints as one moves within a canopy is one of the new features 
identified with the updated model.    Finally, we produce high resolution and gridded spatial 
information on surface meteorology and energy fluxes for a heterogeneous landscape with a 
version of the Daisyworld model that simulates the competition between evaporating and dry 
patches of vegetation and soil.  We then use this spatial information to evaluate bias errors 
and scaling rules associated with the sub-grid averaging of the non-linear functions that are 
used to compute surface energy balance.   

A micro-scale analysis of soil-water infiltration characteristics on the slopes 
of Mt. Elgon, Eastern Uganda 
Yazidhi Bamutaze (1), Majaliwa Mwanjalolo (2) 
(1) Makerere University, Uganda  
(2) Bukavu University, Democratic Republic of Congo  
bamutaze@arts.mak.ac.ug  
Soil Water Infiltration (SWI) characteristics are of prime interest as an index of the soil water 
storage capacity and consequently the likelihood of runoff and soil loss. A study was 
conducted to assess the SWI characteristics at a micro-catchment on Mt. Elgon, eastern 
Uganda. The study area is dominated by humic ferralitic soils. 18 treatments representing 3 
landscape positions (lower, middle and upper), two land uses (annual and perennial) and three 
replicates were selected for the study at 6 plots. Measurements were then carried out using 
double ring infiltrometers. Steady state infiltration rates were generally achieved after 3 hours. 
The measured infiltration data was then fitted to two soil water infiltration models, namely the 
Phillips model (1957) and the Green and Ampt model (1911). Results indicate that the mean 
infiltration process was moderately rapid in both the annual and perennial land uses. The 



226 

mean steady state infiltration rates were higher in the perennial land use (0.36 cm min-1) than 
in the annual (0.33 cm min-1), though the analysis of variance (ANOVA), did not show a 
significant difference (P=0.57, LSD = 0.25). The steady state  infiltration rate increased with 
slope position, with higher infiltration rates being registered on the upper slopes (0.49 cm 
min-1) and lower rates on the lower slopes (0.23 cm min-1). The two infiltration models 
performed generally well, but the Phillips models gave the best precision shown by a 
correlation coefficient of 0.92. 

Large-eddy simulation of stable boundary layers: a case study 
Sukanta Basu 
Atmospheric Science Group, Department of Geosciences, Texas Tech University 
Also at the Wind Science and Engineering Research Center, Texas Tech University  
sukanta.basu@ttu.edu 
Recently, a new-generation tuning-free subgrid-scale (SGS) modeling approach, named 
“locally averaged scale-dependent dynamic” (LASDD) model, is developed and implemented 
to perform reliable large-eddy simulation (LES) of stable boundary layers. This model 
dynamically computes the Smagorinsky coefficient and the subgrid-scale Prandtl number 
based on the local dynamics of the resolved velocity and temperature fields. In idealized 
simulations, the agreement between the statistics of the LES-generated turbulence and some 
well-established empirical formulations and theoretical predictions (e.g., the local scaling 
hypothesis) is remarkable. Moreover, in contrast to previous large-eddy simulations of stable 
boundary layers that have strong dependence on grid resolution, the simulated statistics 
obtained with the LASDD SGS model show relatively little resolution dependence.  
In the present work, we investigate the capability of the LASDD SGS model in simulating a 
moderately stratified nocturnal boundary layer observed over the Southern High Plains of 
western Texas (June 2nd, 2004). During this night, over a period of 8 hours (from 04 to 12 
UTC), two distinct low-level jet structures with wind maxima of greater than 16 ms-1 were 
observed. An extensive array of in-house monitoring systems (consisting of the West Texas 
Mesonet, a 200 m tall instrumented tower, and a boundary layer profiler) is effectively 
utilized to study this event in great detail and assess the performance of the newly proposed 
SGS model.  
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The quotidian cycle of evapotranspiration from a mature pecan orchard in 
the Mesilla Valley, New Mexico  
A. Salim Bawazir, J. Phillip King and Thomas Schmugge  
New Mexico State University, Las Cruces, New Mexico 
abawazir@nmsu.edu 
As the population of Dona Aña County, New Mexico grows, it is becoming increasingly 
necessary to plan and prepare for converting domestic, municipal and industrial (M&I) water 
supplies from complete dependence on groundwater to conjunctive use of surface water and 
groundwater.  Surface water consumption in the county is currently dominated by agricultural 
evapotranspiration (ET), non-agricultural ET, and evaporation from the water surface of the 
Rio Grande, irrigation canals, and drains. In the ongoing stream adjudication currently being 
carried out by the New Mexico Office of the State Engineer (OSE), simple estimates of 
agricultural ET are being made using the U.S. Soil Conservation Service (SCS) Modified 
Blaney-Criddle equation [1].  The impact of large scale transfer of surface water from 
irrigation to M&I use will have a major impact on the hydrology and water availability of the 
Mesilla and Rincon Valleys, yet the consumption of water by existing irrigation practices has 
not been reliably quantified. 
Pecans are one of the major cash crops in Dona Ana County, covering approximately 25 
percent of the irrigated acreage in the county. However, their water use is not well 
understood.  The objective of this work was to monitor actual ET above a large area of a 
pecan orchard for at least a year using the eddy covariance method. This allowed a more 
reliable estimate of the consumptive use of water by pecans than is currently available. 
The pecan acreage in the Mesilla and Rincon Valleys has increased from 9,288 acres in 1978 
to 20,181 acres in 1999, an increase of about 120% in 22 yrs. No statistical acreage was 
available for 2001 through 2003, but observation of farms in the area indicate a continuing 
increase in planting pecan orchards. 
Evapotranspiration of pecan trees was successfully measured for two and half years. A whole 
year of flux was measured in 2003 with only 4 days (DOY of 77, 85, 105,113) of data missing 
due to sensor replacement and/or maintenance. The missing data were fitted by averaging the 
flux data before and after that particular day. The annual (365 days) flux totals in MJ/m2 were: 
Q = 4243; G = 10.33; H = 630; and LE = 3623. Annual equivalent ET for pecan was 1479 
mm/yr (58 inches), of which 126 mm (8.5%) had occurred before DOY 89 (March 30) and 
1460 mm (99%) by DOY 326 (November 22). About 1334 mm (90%) occurred during the 
growing period from budbreak to fall senescence (March 30 through November 22) while 145 
mm (10%) occurred during the dormant period. The growing period was observed in the field 
when the budbreak was noticed. 
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Introduction  
Within the frame of accounting and managing carbon sinks of terrestrial ecosystems, a 
network of flux stations continuously measuring carbon dioxide and water vapour exchange 
by eddy-covariance technique were established [1,4]. Important research issues are (1) 
improved understanding of main determinants of annual carbon budgets in various 
ecosystems, (2) relationships between water and carbon fluxes, and (3) assessing temporal 
and spatial variability of driving variables and surface characteristics for scaling-up to the 
landscape level. 

Sites and Methods  
Measurements are performed in and around the Tharandt Forest approx. 20 km SW of the city 
of Dresden. Since 1996 eddy covariance (EC) measurements of CO2, heat and momentum 
fluxes are performed at a forested site dominated by Norway spruce (Picea abies). 
Micrometeorological techniques are supplemented by tree sap flow, chamber measurements 
and soil studies. Since 2002/2004 additional continuously measuring sites on grassland and 
arable land have been established. 

Results  
Annual net ecosystem exchange of carbon (NEE) at the spruce site was -390 to -700 gC m-2a-

1. Dependencies of annual flux components as net ecosystem production, NEP = -NEE), total 
ecosystem respiration (TER), soil respiration (SR) and GPP (gross primary production = 
NEP+TER) on meteorological determinants showed best correlation with air temperature 
(Fig. 1) and cumulative photosynthetic photon flux density (not shown). The correlation of 
TER (based on total net CO2 flux during night) and soil respiration (SR, based on chamber 
measurements) is partly influenced by modeled values (temperature dependent) replacing 
invalid night-time flux rates. 
Another important determinant of annual carbon budgets is the length of the growing season 
(LGS). LGS determined by tree phenology at Tharandt International Phenological Garden 
gave significantly better results than LGS defined by temperature thresholds only. On 
average, an increase in mean annual temperature by 1 K is associated with an increase in LGS 
by 6.5 days and an increase in GPP and NEP by 131 and 68 gC m-2a-1, respectively [3]. 
Further, earlier emergence of May shoot in spring had a stronger positive effect on annual 
carbon gain than LGS. This is especially important because long-term climatic trends in 
Saxony show stronger temperature increase in spring (0.04 K a-1) than in summer and autumn 
(0-0.02 K a-1; [2]) 
Figure 2 shows striking differences between systems that are attribute to the same 
meteorology and similar soil conditions: (i) maximum daily rates of the spruce site are only 
between 2/3 and 1/2 of the other sites, (ii) radiation and temperature explain the variation in 
daily fluxes at the coniferous site sufficiently, (iii) management of grass and crop systems 
largely effects the annual pattern and can easily switch carbon sinks into sources. 
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Conclusions and Perspectives  
The large differences in NEE support the 
ecosystem oriented approach to European 
carbon balances. Understanding of spatial and 
temporal variability of fluxes (leaf area index, 
nitrogen availability, management practices) 
will be improved. Long-term flux 
measurements at anchor stations as well as up-
scaling strategies (remote sensing, modelling) 
are equally necessary to estimate fluxes at the 
landscape level. This is supported by 
specifically parameterised SVAT models 
coupled to GIS-based information on surface 
characteristics of the region. 
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Fig. 1. Relationships of 
NEP, GPP = NEP + 
TER, TER and SR with 
the annual mean of air 
temperature (left) and 
length of the growing 
season (right) 
determined by tree 
phenology. The year 
2003 with summer 
drought is not included 
in the regression 
analysis 

Fig. 2. Carbo-Europe IP DE2: Daily 
carbon balance of the three sites in and 
around the Tharandt forest (spruce, 
grassland, and arable land) 
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High resolution modeling of acidifying and eutrophying atmospheric 
deposition on European forests by means of an inferential model using the 
MLBC dry deposition scheme 
Albert Bleeker , Gerben Pieterse, Alex Vermeulen 
Energy Research Centre of the Netherlands (ECN), Dep. of Air Quality & Climate Change,  
The Netherlands 
a.bleeker@ecn.nl 
This study presents an assessment of site-specific deposition estimates of sulphur and nitrogen 
compounds for selected monitoring plots in Europe and an extrapolation to a European wide 
scale. The deposition estimates were derived for the so-called Level I and II sites in Europe 
for the period 1993-2001. These sites are part of the monitoring programme of the ICP 
Forests (Integrated Cooperative Programme of the UN-ECE). For monitoring forest condition 
and its spatial and temporal changes on a large scale and over a long period of time, the Level 
I network was established. This network consists of approximately 6000 monitoring plots 
distributed over Europe. More intensive measurements (including deposition) are performed 
on Level II sites. There are more than 860 Level II sites and deposition is measured at 360 of 
these sites. 
The deposition calculations for the Level I and II sites were performed by means of a high-
resolution inferential deposition model (IDEM). This model uses high resolution 
meteorological and concentration input data, as well as stand characteristics information from 
individual Level I and II forest stands. To improve the dry deposition calculations of IDEM, 
the MLBC (Multi-Layer BioChemical) dry deposition module [1, 2] was incorporated into the 
model. In this module, photosynthesis and respiration and their coupling with stomatal 
resistance are modeled using a plant species dependent Leaf Area Index (LAI) profile 
combined with a multi-layer canopy radiation scheme. Also, a normalized water stress factor 
is determined to calculate the photosynthesis potential during drought and water-logging. 
Cuticular resistance is calculated using passive membrane transport theory. 
For selected Level II sites, modeled depositions were compared with measured depositions. 
The measured depositions were derived by using a Canopy Budget Model, using throughfall 
and bulk deposition data as input. First modeling results with the improved version of the 
IDEM model and a comparison with measured deposition data are presented at the 
conference. 
 
[1] Y. Wu, B. Brashers, P.L. Finkelstein and J.E. Pleim, 2003, Journal of Geophysical Research, 

108(D1), 4013. 
[2] Y. Wu, B. Brashers, P.L. Finkelstein and J.E. Pleim, 2003, Journal of Geophysical Research, 

108(D1), 4014. 

RAFLES – a new generation high-resolution model for simuation of 
turbulence and dispersal within and above forest canopies  
Bohrer Gil , Walko Robert L., Avissar Roni 
(1) Duke University, NC, USA 
gb16@duke.edu 
Atmosphere-biosphere interactions have recently become a main focus point in atmospheric 
science. Few key issues in meteorology and ecology, such as dispersal of biogenic aerosols 
from forest canopies into the atmospheric boundary layer, seed and pollen dispersal, and 
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carbon assimilation by ecosystems, require a good understanding of turbulence in and near the 
top of plant canopies.  
With the computing capability currently available it is now possible to use high-resolution 
atmospheric models that can resolve turbulent flow (referred to as Large-Eddy Simulations - 
LES). This technique, which has been introduced in the early 70’s for simulations of flow 
around airplanes and within pipes, is now ready to be applied to “environmental-scale” 
turbulence in forest canopy. Several issues remain to be resolved. For instance, to produce the 
correct forcing, it is important to resolve the vertical distribution of energy balance within the 
canopy. This energy balance is strongly affected by the vertical distribution of transpiration in 
the canopy. Airflow in and above the canopy is also affected by the canopy structure and 
patterns of leaf density. This produces a non-linear feedback between canopy turbulence and 
transpiration. 
As first steps in developing a "forest-LES”, we are improving the LES option of the Regional 
Atmospheric Modeling System (RAMS) [1] to include flow inside plant canopies. The result 
is a new RAMS-based Forest LES (RAFLES). RAFLES uses the Deardorff [2, 3] turbulent 
parameterization for sub-grid scale kinetic energy. The typical resolution for RAFLES 
simulation is 1m3, over a domain of 0.5 – 1 km3 and a simulation time period of up to few 
hours.  
We split the atmospheric effects of a forested canopy to several components. We generate a 
random virtual canopy domain, using 2-D Fourier transforms with random phase and 
specified correlation structure, mean and standard deviation, and stretch the resulting field 
according to observed vertical profiles of the forest properties of leaf area density (LAD) and 
stem taper function. The result is detailed 3-D correlated properties that specify patch type, 
canopy height, LAD, and stem volume, at each point in the simulation canopy-domain, which 
are based on the statistical features of actual forest. We use an ensemble of several 
simulations, each in a different random instance of the same canopy structure, to create a 
single simulated case. Each property of this virtual canopy has a different effect on the LES. 
The stems exert skin drag but also constitute a physical barrier to airflow. To represent this 
barrier, a new coordinate system, the adaptive aperture mesh (ADAP) was adapted to 
accounts for different types of obstructions to the flow due to tree elements such as trunks and 
branches. The leaves exert drag force of two types, form drag and skin drag [4] but also emit 
latent and sensible heat fluxes and release trace gasses and large wind-dispersed particles 
(seed and pollen). A multi-layer energy and mass (including water) balance equation is 
introduced in the model as part of this project, in two phases of model development. Phase-I 
redistributes the measured mean heat and vapor fluxes, horizontally in correlation to the 
virtual canopy total LAI, and vertically based on light attenuation through each canopy 
column. Preliminary results from phase-I will be presented.  
In parallel, we have developed a Finite Elements Tree Crown Hydrodynamics (FETCH) 
model [5] that uses porous media equations for water flow in an explicit 3-D branching tree-
crown system. We use FETCH to conduct sensitivity analysis of transpirational dynamics to 
changes in canopy structure, via two scaling parameters for branch thickness and 
conductance. We compare our results to the equivalent parameters of the commonly used 
resistor and resistor-capacitor representations of tree hydraulics. We show that the apparent 
temporal and vertical variability in these parameters strongly depends on structure. Following 
empirical calibration and validation, FETCH will be used to generate a structurally detailed 3-
D estimate of transpiration. Eventually, we plan to incorporate it in our RAFLES to generate 
the 2nd phase “forest-LES” model. 
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A RAFLES simulation starts by imposing an initial vertical profile of temperature, pressure, 
wind, and humidity. This profile is calculated by a regional RAMS simulation of a large 
mesoscale domain around the target forest. This simulation is forced by NCEP-reanalysis data 
[6] and verified by radiosonde observation at near-by locations. In this way we can capture 
the meteorological conditions that correspond to different weather conditions (e.g. 
thunderstorm, stable ABL, buoyant, strong wind), and test the different effects of such 
conditions. The wind, pressure, and sub-grid scale turbulence fields that are simulated by 
RAFLES are exported to HYPACT – a Eularin-Lagrangian dispersal model – that calculates 
the dispersal of neutral aerosols and heavy particles in the simulation domain, starting at 
specified release locations and release conditions.  
RAFLES is an advanced platform for studies of the effects of canopy structure, small scale 
spatial heterogeneity, and weather conditions on turbulent structure in and above the canopy 
and dispersal of biogenic and anthropogenic material from, within, and into a forested or a 
mixed vegetation area. Comparing the vertical and horizontal dispersal kernel of particles or 
tracers released for different patch types and locations can show how specific patterns of 
spatial heterogeneity interact with canopy structure and weather conditions and affect the final 
dispersal distance, the initial ejection height, and the location of deposition. 
[1] R. A. Pielke, et al., 1992, Meteorol. Atmos. Phys. 49, 69-91. 
[2] J. W. Deardorff, 1972, Mon. Weather Rev. 100, 93-106. 
[3] J. W. Deardorff, 1980, Bound. Layer. Meteor. 18, 495-527. 
[4] R. H. Shaw and E. G. Patton, 2003, Agric. For. Meteorol. 115, 5-17. 
[5] G. Bohrer, et al., 2005, Water Resour. Res. in press. 
[6] E. Kalnay, et al., 1996, Bull. Amer. Meteorol. Soc. 77, 437-471. 

Biometric vs. eddy covariance estimates of net ecosystem carbon balance: a 
comparison in the subalpine Rocky Mountains 
Bradford, John B.(1), Monson, Russell(2), Schimel David S. (3), Sacks, Bill(3), Ryan, Michael G(1), 
Scott-Denton, Laura E.(2)   
(1) USFS Rocky Mountain Research Station, Fort Collins, Colorado, USA 
(2) University of Colorado, Boulder, Colorado, USA 
(3) National Center for Atmospheric Research, Boulder, Colorado, USA 
jbbradford@fs.fed.us 
Obtaining accurate estimates of net ecosystem carbon balance (NECB) is of central 
importance for scientists, land managers and policy-makers.  Two distinct approaches to 
estimate stand-level carbon balance have arisen.  The “biometric” approach quantifies NECB 
by estimating annual changes in carbon pool sizes while the eddy covariance approach 
estimates NECB by measuring the covariance between vertical wind velocity and CO2 
concentration in air.  Our objective was to compare estimates of net ecosystem carbon balance 
from biometric measurements and eddy covariance measurements at a subalpine forest site.   
For the biometric approach, we measured the annual increase in live biomass (Binc) for 1999-
2003 (estimated from tree growth increments), annual litterfall, and biomass stored in forest 
floor, soil and coarse woody debris.  Biometric NECB was estimated as Binc plus litterfall 
minus decomposition (estimated as pool size multiplied by published decomposition rates).  
We compared these esimates with 1999 - 2003 data from the Niwot Ridge Ameriflux tower 
which estimated NECB as net primary productivity minus heterotrophic respiration.   
Our biometric and eddy covariance estimates of 5-year mean net carbon assimilation show a  
strong positive relationship (R2 =  75%, Figure 1).   However, data from the biometric 
approach yielded higher estimates of both carbon assimilation and decomposition than data 
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from the tower.  Biometric estimates of mean Binc plus litterfall were 225 gCm2yr-1  as 
opposed to tower derived NPP estimates of 164 gCm2yr-1(Figure 2).  Estimates of 
decomposition from the biometric approach were approximately 121 gCm2yr-1, compared to 
similar estimates from the tower of 84 gCm2yr-1.  These measurements combine for biometric 
NECB of 104 gCm2yr-1 versus the tower NECB estimate of 80 gCm2yr-1.    
Although the strong interannual relationship between assimulation values is encouraging, the 
consistent difference in the magnitude of fluxes between tower and biometric estimates 
warrents further investigation.  More robust year-to-year comparisons between biometric and 
tower data are hindered by our inability to estimate interannual variation in carbon flux from 
decomposition.  Insight into the relationship between decomposition and weather conditions 
(rather than long-term climatic conditions) is necessary to quantify variation in annual 
decomposition rates and provide complete comparisons. 

 

 
 

Figure 1 : Biometric 
estimates of live 
biomass increment 
(Binc) plus annual 
litterfall versis eddy 
covariance tower 
estimates of net 
primary productivity 
(NPP).  Data points are 
annual estimates from 
1999 to 2003. 

Figure 2 : Mean annual estimates of 
assimilation, decomposition and net 
ecosystem carbon balance (NECB) 
from the Niwot ridge Ameriflux site 
and co-located biometric 
measurements.  Assimilation 
estimates are based on net primary 
productivity from the tower and live 
biomass increment plus litterfall for 
the biometric approach.  Tower 
decomposition is heterotrophic 
respiration and biometric 
decomposition is calculated flux from 
coarse woody debris, forest floor and 
soil carbon 
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Thermal stratification, organized motion, and the onset of counter-gradient 
flows within canopies 
D. Cava (1) , G.G. Katul (2), A. Scrimieri (1), D. Poggi (3) (4), A. Cescatti (5), U. Giostra (6) 
(1) CNR – Institute of Atmospheric Sciences and Climate, section of Lecce, Lecce, Italy. 
(2) Nicholas School of the Environment and Earth Sciences, Duke University, Durham (NC), USA. 
(3) Department of Civil and Environmental Engineering, Duke University, Durham (NC), USA. 
(4) Dipertimento di Idraulica, Trasporti ed Infrastrutture Civili, Politecnico di Torino, Torino, Italy. 
(5) Centro di Ecologia Alpina, Trento , Italy. 
(6) Department of Environmental Science, University of Urbino, Urbino, Italy.  
d.cava@isac.cnr.it 
It is now recognized that much of the momentum, mass, and energy exchange within and 
above canopies is governed by complex turbulent eddy motion that gives rise to an ejection-
sweep cycle. Over the past three decades, field and laboratory experiments established 
unambiguous connections between the failure of the so-called gradient-diffusion theory (or K-
theory) and the non-local transport properties of organized eddy motion within the canopy 
sub-layer thereby leading to a proliferation of studies on ejection-sweep cycles inside 
canopies. However, little attention was devoted to the simultaneous roles of buoyancy and 
scalar source-sink inhomogeneity in modifying the relationship between scalar fluxes and 
mean scalar concentration gradients [1].  How the interplay between such organised eddy 
motion and local thermal stability leads to the onset of zero- or counter-gradient flow inside 
canopies remains a vexing problem that has important consequences to aerodynamic 
measurements and models of biosphere-atmosphere CO2 exchange, especially near the forest 
floor.  
The reason why this problem remains a challenge is perhaps attributed to the lack of any 
analytical framework that can diagnose the onset of zero- and counter-gradient flows based on 
the relative importance of ejections and sweeps (i.e. effects of organized eddy motion) for a 
wide range of atmospheric stability conditions. To begin progressing on this issue, a 
simplified analytical “diagnostic” model that connects the local density gradients and the 
relative importance of ejections and sweeps to the flux-gradient relationship of air 
temperature (T) within canopies for unstable, mildly stable, and stable flows is presented.  
The analytical “diagnostic” model derivation uses a turbulent flux budget equation modified 
to account for thermal stratification ([2], [3], [4]), and an incomplete third-order cumulant 
expansion (ICEM) that links the flux transport term to the ejection-sweep cycle ([5], [6], [7], 
[8]).  
The main theoretical result is an explicit linkage between gradient-diffusion closure schemes 
applied to the turbulent scalar flux transport term and the ejection-sweep eddy motion. The 
model predicts the dominant role of sweeps (consistent with a wide range of field 
experiments) when the heat sources (ST) and heat flux (FT) have the same sign (i.e. canopy is 
heating and sensible heat flux is positive); and conversely, when ST and FT are opposite in 
sign, ejections dominate the sensible heat flux (Figure 1).  
The assumptions used in the proposed approach are independently verified using detailed 
multilevel heat flux measurements collected within a mixed hardwood forest in Lavarone, 
Italy. 
From a broader perspective, this study is a necessary first step towards progressing on the 
general problem of how the ejection-sweep cycle, thermal stratification, dispersive fluxes, and 
planar inhomogeneous transport (e.g. resulting from topographic or planar canopy density 
variation) alter flux-gradient relationships at different closure levels within canopies. 
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Fig 1. Typical sensible heat flux profiles inside and above the canopy for day- and nigh-time 
conditions from [9]. The flux-gradient closure model for the triple correlation between velocity and 
temperature predicts that sweeps dominate the transport throughout the canopy except at night-time 
near the forest floor when the flux and its gradient do not share the same sign (figure published in 
[10]). 
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Measuring and modelling stomatal ozone fluxes over grassland and 
quantifying the non-stomatal sink 
M Coyle, D Fowler, E Nemitz and R Storeton-West 
CEH Edinburgh, Bush Estate, Penicuik, Midlothian, Edinburgh, EH26 0QB  
mcoy@ceh.ac.uk 
The total flux of ozone was measured over grassland in central Scotland during 2001 to 2004 
using micrometeorological methods and the uptake by stomata estimated by similarity with 
the water-vapour flux and two simple models. The non-stomatal component is estimated 
using ( ) 11

s
1

cns RRR
−−− −=  where Rns = non-stomatal surface resistance to ozone deposition, Rc 

= total canopy resistance, Rs = stomatal resistance. The dataset is used to examine the 
processes controlling deposition at this site and a new parameterisation for the non-stomatal 
component is described. 
There are two forms of model commonly used to estimate stomatal resistance: Jarvis type 
multiplicative models, and Ball-Berry photosynthesis based approaches. Both methods are 
employed to estimate bulk-canopy stomatal conductance and so gap-fill the measured time 
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series. The resulting estimates of Rns were found to 
decrease with increases surface temperature, solar 
radiation, humidity and friction velocity (for example 
see Figure 1). The response of Rns to these variables 
was also dependant on surface wetness with deposition 
being enhanced over wet surfaces compared to dry, 
upto temperatures of ~20oC. 
New parameterisations based on these results are 
developed and implemented in a total-deposition 
model. The results are compared to the measured data 
and estimates from both a standard type of model and 
one utilising an existing parameterisation for Rns based 
on humidity (zhang). The parameterisation was found 
to improve estimates of total canopy resistance for wet 
surfaces compared to both the other models, although 
for dry surfaces it did not perform as well as the 
humidity based model. 

Trace gas fluxes from through canopy profile measurements in upland 
forests of the Brazilian Amazon basin 
Patrick Crill (1,2), Michael Keller (2,3), Janaina Braga Do Carmo (4), Jadson Dizencourt Dias (4), 
Plínio Barbosa De Camargo (4) 
(1) Department of Geology and Geochemistry, Stockholm University, Stockholm, Sweden;  
(2) Complex Systems Research Center, University of New Hampshire, Durham, NH, USA;  
(3) USDA Forest Service, International Institute of Tropical Forestry, San Juan, PR, USA;  
(4) Centro de Energia Nuclear na Agricultura (CENA/USP), Piracicaba-SP, Brazil. 
patrick.crill@geo.su.se 
Methane (CH4) is a radiatively active trace gas whose atmospheric budget has been perturbed 
by human action.  Wetlands have been recognized as the main natural source of CH4 for the 
past 30 years.  Current inverse models indicate that tropical wetlands account for the bulk of 
wetland methane emissions and that those emissions exceed earlier estimates, e.g. [1].  A 
recent study of the Amazon Basin concluded that on average this region emits 29 Tg CH4 y-1 
and that Amazon Basin emissions may vary a factor of two from year to year modulated 
primarily by the extent of inundation [2].  The tropical source may be even stronger.  Recent 
comparison of total column CH4 concentrations retrieved from several months of global 
satellite observations using the SCIAMACHY instrument on the European ENVISAT satellite 
coupled to a global atmospheric chemistry and transport model [3] suggest that tropical forest 
derived CH4 emissions are underestimated by at least 30 Tg CH4 y-1.    
As part of the Large Scale Biosphere-Atmosphere Experiment in Amazonia (LBA) we 
automatically sampled CH4 and CO2 mixing ratios in profiles through the forest canopy on 
towers at forest sites near Santarém.  Preliminary results from the undisturbed forest towers 
show that CO2 has a strong diurnal signal with highest mixing ratios near the surface just 
around dawn due to the respiration source of CO2 combined with limited mixing in the 
canopy layer because of stable nocturnal conditions. A variation in CH4 and was also 
observed.  CH4 concentrations correlated well with CO2.  Near the ground, the high CO2 
mixing ratios suggest that CO2 is controlled by soil sources.  CH4 profiles are different. The 

Figure 1 RnsN 1oC block medians with 
surface temperature for wet and dry 
surfaces, all points are shown and 
those with SE < 100% are used for 
curve fitting. 
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diel pattern of nocturnal maxima and midday minima does occur. At night, the lowest mixing 
ratios are found near the surface which is consistent with a soil sink that we and others have 
observed. However maximum mixing ratios are observed at 10 m and are evident in the half 
hourly averages at all times of the day but especially at night (Fig.1). 

 
Figure 1.  Half hourly averages of CH4 and CO2 mixing ratios measured at 10.7 m on the LBA-ECO 
tower at km83 in the Tapajós National Forest, Brazil. 

 
Figure 2.  Correlation between half hourly averages of CH4 and CO2 mixing ratios measured at 10.2 
m on the LBA-ECO tower at km67 in the Tapajós National Forest, Brazil. 

The increase of CH4 concentrations tracked the increase in CO2 concentrations at night (Fig. 
2) during both wet and dry season. Fluxes of CH4 may thus be estimated as:  
F = (∆[CH4] / ∆[CO2]) * FCO2.  Where the flux (F) of CH4 can be estimated by correlating the 
ratio of the integrated profile concentrations (∆[CH4] / ∆[CO2]) to the measured flux of CO2 
(FCO2).  Total ecosystem CO2 efflux in Amazon forest sites is near 30 Mg C ha-1 y-1.  The 
integrated molar concentration ratio (∆[CH4] /∆[CO2]) falls in the range 0.0001 to 0.0005, 
therefore the CH4 efflux from these forests is estimated to be between 3 and 15 kg CH4-C ha-1 
y-1 (1 to 5 mg CH4 m-2 d-1).  While this is a relatively small flux, if it extends over the upland 
forest of the Amazon region (~5 x 106 km2) it would contribute 2 to 10 Tg CH4 y-1 to the 
global CH4 budget. This CH4 source was unexpected because it suggests a source of CH4 
within the forest whereas chamber measurements at the soil surface indicate a net sink or very 
small source at the surface for undisturbed forest soils ([4]; Crill et al. unpublished).  The 
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origin of the methane has not been identified but this source could potentially account for part 
of the discrepancy between satellite retrievals and current models noted by [3].  
[1] Mikaloff-Fletcher, S.E., et al., 2004, Global Biogeochem. Cycles, 18, GB4005. 
[2] Melack, J. M., et al., 2004, Global Change Biol., 10, 530-544. 
[3] Frankenberg, C., et al., 2005, Science 308, 1010-1014. 
[4] Keller, M., et al., 2005 in press, Earth Interactions. 

Influences of advection and turbulent transport on terms of the budgets of 
energy and trace compounds 
Ralph Dlugi (1), Martina Berger (1), Michael Zelger (1), Sabine Rube (1), Franz X. Meixner (2), 
Michael Kortner (2), Gerhard Kramm (3), Ralf Koppmann (4). 
(1) AAP, Gernotstrasse 11, D-80804 Muenchen, Germany  
(2) Max Planck Institute for Chemistry, Biogeochemistry Department, J.J.v. Becherweg 27,  
D-  55128 Mainz, Germany 
(3) Geophysical Institute, University of Alaska Fairbanks,903 Koyukuk, Drive,P.O. Box 757320, 
Fairbanks, AK 99775-7320, USA   
(4) Research Centre Juelich, ICG-II: Troposphere, D-52425 Juelich, Germany 
rdlugi@gmx.de 
The different terms of the budget equations for sensible heat, moisture and trace compounds 
(e.g. CO2, monoterpenes) from experiments in Europe at Mediterranean sites (BEMA 
experiments: mixed oak / pine forest; orange plantation) and a mixed beech/oak forest at the 
Research Centre Juelich / Germany (ECHO experiment) are determined from measurements 
resolved in space and  
time. The different terms are compared to each other. Especially the influence of horizontal 
and vertical advection and turbulent transport is discussed. For BEMA, a combination of sea-
land breeze circulation with thermal circulation on a scale of about 1-3 km between the forest 
and an agricultural area caused intensive sensible heat advection for dry soil conditions. The 
budget of monoterpenes is significantly modified under these conditions by the divergence of 
the wind field (3D) and also the enhanced source strength in the canopy. For such conditions 
the vertical advective fluxes of heat and trace compounds can exceed the turbulent flux which 
often  
is considered to be the only measure for the net flux from the soil - vegetation system to the 
atmosphere. Increasing soil moisture reduces the horizontal thermal advection of heat but also 
of matter during BEMA.  
For the ECHO site the advection of heat and matter during daytime is also controlled by 
differential heating of the heterogeneous terrain. The observed circulation of air in the canopy 
is different from the situations during BEMA. Warm-dry and cool-wet air is advected inside 
the forest and started to oscillate and rotate in the horizontal plane during daytime. As a result, 
the flow at top of the canopy decouples from the flow in the trunk space for about 500-800s 
and then, for a short period of about 30-80s, couples to the lower flow regime. 
Thermodynamical and dynamical conditions for these different conditions in the soil - 
vegetation - atmosphere system will be described.  
As one consequence of all flow characteristics determined in the field the residence time of 
trace substances inside the canopy varies between about 50s up to about 1000s. It is shown 
that the conditions for in-canopy chemical removal of reactive compounds are strongly 
dependent on the energetic and hydrological conditions of the soil-vegetation-atmosphere 
system.  
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Turbulence simulation within and above four loblolly pine canopies 
Steven Edburg (1) ,  Dave Stock (1),  Brian Lamb (1),  Harold Thistle (2). 
(1) Washington State University, USA 
(2) USDA Forest Service, USA 
sedburg@mail.wsu.edu 
Turbulence within and above forest canopies is dominated by large-scale structures that mix 
air from above into the canopy.  Important parameters that affect turbulence within a forest 
canopy include canopy type and density, and atmospheric stability.  We used large-eddy 
simulation to investigate atmospheric turbulence under a range of atmospheric stabilities 
within and above four loblolly pine canopies with different leaf area indices and stand 
densities.  Large-eddy simulation captures the full physics of atmospheric turbulence by 
explicitly solving the governing equations for large eddies while modeling small eddies with a 
sub-grid scale model.  We compared simulation results with experimental data collected 
during a tracer field study in a loblolly forest in Louisiana.  Tracer dispersion experiments 
were repeated in each of four stages of thinning where the experimental plot was thinned from 
dense boles and thick understory (basal area greater than 13 m2) to a final basal area equal to 
6.5 m2. 
A porous media based on estimated leaf area density (LAD) profiles was used to simulate the 
effects of canopy density.  Solar radiation effects on the canopy and ground were also 
incorporated based on measured heat flux at the top of the canopy.  The results, evaluated in 
terms of mean profiles of wind speed, potential temperature, and turbulence statistics, show 
that instantaneous bursting and sweeping was shown to occur in the canopy.   

Evaluation of forest snow process models 
Richard Essery (1) , Nick Rutter (1), Alan Barr (2), David Gustafsson (3), Manfred Stähli (4), Erin 
Thompson (5), Kazuyoshi Suzuki (6) 
(1) University of Wales, Aberystwyth, UK 
(2) Meteorological Service of Canada 
(3) KTH, Sweden 
(4) WSL, Switzerland 
(5) Climate Research Branch, Environment Canada 
(6) JAMSTEC, Japan 
rie@aber.ac.uk 
Huge areas of the Northern Hemisphere land surface are both forested and have seasonal 
snowcover. The interaction between snow and forests in these environments, the influence of 
forests on climate, and the response of forests to changing climates have attracted much recent 
attention. It has been suggested that changes in surface energy budgets due to expansion of 
tundra at the expense of boreal forests play a role in the onset of glaciations, whereas 
darkening of the surface by forestation in snow-covered regions could offset intended benefits 
from mitigation of climate change by carbon sequestration. Models of forest snow processes 
are required in forecasting weather and water resources and in predicting the impacts of 
climate change and land-use change (both deforestation and forestation). 
Snow falling on a forest is partitioned into interception by the canopy and throughfall to the 
ground. Intercepted snow may sublimate, unload or melt within the canopy. Snow on the 
ground is sheltered from wind and solar radiation by the canopy but subjected to increased 
thermal radiation from the canopy and may melt at a significantly different time from snow in 
clearings. The accumulation and ablation of snow in forests are thus determined by many 
complex and interacting processes. Sophisticated models have been developed for individual 
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processes, such as large-eddy simulation models of turbulent fluxes through canopies and 
radiative transfer models of light penetration. The complexity and data requirements of such 
models limit how effectively they can be evaluated and used for practical applications. 
Process models of intermediate complexity and complete models for the energy and mass 
budgets of forest snow have been developed for some hydrological applications. The land-
surface schemes which form integral parts of atmospheric models used for numerical weather 
prediction and climate modelling, however, mostly use greatly simplified representations of 
forest snow processes. These representations have rarely been evaluated in comparison with 
field observations, and significant problems have been revealed by studies in which they have. 
Following on from the Snow Model Intercomparison Project (SnowMIP), which evaluated the 
performance of snow models and land-surface schemes in simulating snow accumulation and 
ablation at sites with short vegetation, the IUGG Commission for the Cryospheric Sciences 
has commissioned a working group to coordinate an intercomparison and evaluation of the 
performance of models in simulating forest snow processes. This project is designated 
SnowMIP2. Meteorological datasets have been obtained for conifeous forest sites and nearby 
clear sites in Canada, Switzerland and Japan, and the suitability of datasets from two more 
sites in Colorado and Finland is being investigated. A call will be made in early 2006 for 
modelling groups to participate in the intercomparison. Models will be run for two years at 
each of the sites. Simulation results will be evaluated in comparison with observations of 
snow depth and mass on the ground, canopy snow cover, snow and soil temperature profiles, 
and radiant and turbulent fluxes above and below canopies. Results from a pilot study and 
evaluation plans will be discussed in this presentation. Further details can be obtained on 
request from SnowMIP2@aber.ac.uk. 

The observational aspects of the convective boundary layer at pasture site 
in Amazonia during the LBA RACCI experiment 2002 
Gilberto Fisch  
Centro Técnico Aeroespacial, Brazil 
gfisch@iae.cta.br 
Although Amazonia is still mainly covered by tropical forest it is suffering from a high rate of 
deforestation in the last 3 decades in order to develop cattle activities. This impact on climate 
is likely to depend strongly on the scale of deforestation. The latest figures of deforestation 
rates can be seen at http://www.obt.inpe.br/prodes/index.html). Previous work based on 
experiments had analyzed the structure of the Convective Boundary Layer (CBL) developed 
over pasture and tropical forest in the southwest Amazônia (Fisch et al., 2004) for wet and dry 
conditions. As a part of 2002 LBA/DRY-TO-WET experiment 
(http://www.master.iag.usp.br/lba/index.php) the coupling between a typical ranchland and 
the CBL has been investigated using radiosoundings (sondes RS80-15G from Vaisala Oy) at 
8, 11, 14 and 17 Local Time (- 4 hours from GMT). This experiment was a joint project with 
SMOCC project (http://www.mpch-mainz.mpg.de/smocc ). This ranchland has only 5% of a 
tropical forest considering a box centered with 10 km X 10 km of width. The field campaign 
held from Sept 15 up to Oct 30, 2002, extending from the end of the dry season (Sept) to the 
onset of the wet period (Oct). Profiles of potential temperature and specific humidity have 
been used to compute the mean properties of the CBL, as well as the height of the CBL. The 
CBL height varied from a typical value around 1800-2200 m during the end of the dry season 
(Sept 18-20,2002) to a figure around 1200-1400 m in the beginning of the wet period (Oct 15-
28, 2002). Different methods of computing this CBL were used (Richardson Number, 
Adiabatic lifting, mixed profiles and SODAR measurements) and they agreed amongst them. 
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The average height for the dry period (Phase I) was 1700 m and for the wet season (Phase II) 
was 1320 m. The potential temperature and humidity profiles did not changed remarkable 
from the Phase I to II oscillating from 306 – 307 K (reducing 0,4 K on average) and 12 – 14 
g/kg (increasing 0,7 g/kg on average). During the onset of the wet season, some local 
convective showers have occurred and produced a remarkable change in the structure of the 
CBL. Some interesting and special events have been analyzed regarding the influence of the 
aerosols for the surface heating, destruction of the CBL due to the rainfall and coupling 
between nocturnal jet and development a shallow CBL during the nighttime. At the end of the 
dry season (Sept 23, 2002), the surface was very dry (no rainfall during the previous 10 days) 
and the atmosphere was dirty (approximately 6000 µg/m3  of aerosols – see Artaxo et al., 
2005) due to the biomass burning. The surface temperature was around 308 K at 17 LT and 
the height of the CBL reached 2200 m due to the high surface sensible heat flux (almost 250 
W/m2). The presence of the aerosols below cloud base produces a cooling of the surface 
comparing the temperature profile from the soundings between 14 and 17 LT. At the same 
time there was a heating from this height to the top of the CBL. The influence of the rainfall 
destroying the CBL was investigating on Oct 19,2002: the height of the CBL was around 
1400 m at 11 LT with an average potential temperature (θ) around 304 K and specific 
humidity (q) of 13,5 g/kg. After an intensive (15 mm at 13 LT and before the 14 LT 
sounding) and short (less than l hr) rainfall, the CBL has been destroyed (height around 700 
m) with θ of 298 K close to the surface and showing a stable structure and specific humidity 
around 15-16 g/kg. There was a remarkable reduction of the air temperature (around 10 C), 
solar radiation (from 600 W/m2 to 50 W/m2) and sensible heat flux (from 120 W/m2 to a 
negative value –10W/m2) and increase of relative humidity (around 40%). After the rain, there 
was a solar heating but this energy was not enough to erode the stable layer and develop a 
new shallow CBL. The case of the nocturnal jet had occurred during the night from Sept 23-
24 associated with strong wind of 11 m/s at 500 m. This strong windshear created an 
unexpected shallow mixed layer (height of 400 m) during the night instead of the 
nocturnal/stable typical pattern. The usual stable layer was mainly produced by the surface 
cooling while this shallow CBL was due to mechanical turbulence associated with the 
nocturnal jet. The data-set (Silva Dias et al., 2005) collected at this experiment will provide 
opportunity for modeling studies of the growing and characteristics of the CBL and the 
coupling with aerosols and/or clouds. 
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Winter time measurements of CO2 exchange in a high arctic environment 
Friborg, Thomas (1) ,  Elberling, Bo (1), Hansen, Birger U. (1), Jensen, Louise A. (1), Schmidt, Lea B. 
(1), Søndegaard, Jens(1), Christiansen, Hanne H. (2) and Mastepanov, Mikhail (3) 
(1) Institute for Geography, University of Copenhagen, Denmark 
(2) The University Centre in Svalbard, Norway 
(3) GeoBiosphere Science Centre, Lund University, Sweden 
tfj@geogr.ku.dk 
The role of the arctic region in relation to the Global carbon budget has been studied for a 
number of years, mainly because this region is likely to experience the most pronounced 
temperature rise during the next century. A number of studies have focused on the CO2 
exchange from a variety of high latitude ecosystems and the processes behind this exchange. 
Many of these studies suffer form the lack of winter time measurements and the exchange is 
often ignored or estimated during this time of year with the result that the processes behind 
winter time CO2 exchange in the Arctic is vaguely described and understood. Since winter 
time in most of the Arctic region covers more that half of the year, the lack of measurements 
can easily lead to significant uncertainties in the annual CO2 flux estimates. 

 
Fig 1. CO2 fluxes from Open Top Chamber measurements from Svalbard during September and 
October 2004. 

Here we present continuous winter time CO2 flux measurements from a high Arctic site in 
Svalbard (78° N) using an open top chamber(OTC) approach, which is able to document 
dynamics in the CO2 exchange at a time of year where the fluxes are too small to be measured 
with any degree of certainty by e.g. eddy covariance methods. Our results indicate that the 
OTC method is a feasible and cost efficient method to study the processes behind CO2 
exchange in a cold and dark environment where fluxes are often ignored, estimated or 
modelled. The measurements obtained through the OTC show a high degree of comparability 
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with campaign wise measurements carried out using traditional soil flux chambers (LiCor 
6400) and a profound variability in flux down to levels below 0.2 µmol CO2 m-2 s-1  (see 
figure).  At this low level of flux micrometeorological methods are unable to measure 
variability at any degree of certainty and the processes behind the CO2 exchange in natural 
ecosystem during winter time have therefore rarely been described. We believe that a more 
widespread use of OTC for off season measurements can lead to more robust annual carbon 
budgets for the Arctic and a better understanding of how climatic change will affect the CO2 
exchange of this region.  

Information technology of the D_E_Meter intelligent land evaluating 
system 
Zoltán Gaál , Gergely Tóth, József Vass, István Nikl, Ferenc Speiser  
University of Veszprém, Hungary 
H8200 Veszprém, Egyetem str. 10. (+36 88) 624-888 
speiserf@mail.aut.vein.hu 
In a market economy a modern land evaluation system is indispensable for establishing the 
system of subsidisation as well as for working out systems for providing loans in the 
agricultural sector. Such a land evaluation system is, however, also an essential tool in the 
arsenal of production and environmental policy, and farmers also need it for rational land use 
and profitable farming in their everyday work. 
The main objective of the project is to develop an information system that includes the 
following:  

1. displaying soil quality by means of maps using on-line GIS tools,  
2. plant production modeling on the basis of soil quality and other criteria (e.g. optimal 

fertilizer use), 
3. assistance for farmers to fulfil their obligations to provide information on the use of 

arable land, and providing means for direct communication with the administration 
agencies of the sector. 

In contrast to the above, the hungarian land evaluation system used presently, the so-called 
gold crown system, is rather an obstacle to the realisation of all the above-mentioned tasks 
because of its unsuitability. Consequently, it also hinders the development of our agriculture 
as well as sustainable environmental management. This is the reason of the needs of 
developing an internet-based intelligent land-evaluating system which is suitable for 
providing data for every participant either in the economic and the agricultural sector. The 
article would like to show the main principles of the GIS, used for solving the problem. 
The information system is based on a land evaluation system that also entails environmental 
aspects, which according to our objectives will: 

1. determine the production potential of agricultural lands in a quantitative way, 
2. allow evaluations by major cultivated plants or groups of plants, 
3. include the possibility of expressing any decrease in productivity and production risks 

that originate from climatic effects and are realised through pedological and geological 
factors (drought, inland water), 

4. describe the conditions of production also on various intensity levels of cultivation. 
5. the relationship between the yields of the agricultural land use and the natural 

resources will become analysable. 
In this work we give a possible solution for an internet-based intelligent landevaluating 
system which is suitable for planning a precision farming and providing data for every 
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participant either in the economic and the agricultural sector. We try to summerize the 
occurrent questions of the system design process, considering the landuse database, the main 
characteristics of IT development and the used spatial data. 
We try to find the answers to the questions below: 
What are the main IT tasks? 
The resources of the development laboratory 
Design of the spatial information model, objects in the datamodel 
Input/output data 
Methodology and process of land-evaluation 
Using the experience of past, what kind of data we need? 
After discussing these questions we show a possibility for an efficient on-line GIS-
application. Through the development of EU-conform systems of land evaluation and 
agricultural information networks based on Internet technology, farmers could obtain a tool 
for choosing the appropriate form of land utilization for their own arable lands being aware of 
the national land use directives (with the aid of ‘plot-level’ computerised modelling within the 
given farming units), would also provide them with a means for direct communication with 
the competent agencies. 
Keywords: intelligent landevaluation, GIS, agriculture, soil quality, precision farming 
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Stable isotopes in atmospheric moisture as an index of water usage patterns 
in the land/ecosphere/atmosphere interface 
Joel R.Gat, Naama Raz-Yaseef, Dan Yakir 
Dpt. of Environmental Sciences and Energy Research, Weizmann Institute of Science, Rehovot, Israel 
Joel.Gat@weizmann.ac.il 
Within the hydrological cycle, the most significant fractionation between isotopic water 
species occurs during the phase transitions of water and the diffusion of water molecules 
through the air, in particular in accompaniment of evaporation of waters. The condensation of 
moisture, the evaporation from free water surfaces or from within the soil column, each 
imprints a characteristic and different isotope composition on the product of the process. 
Under well-defined and stable boundary conditions, the measurement of both the Oxygen and 
Hydrogen isotopic composition, in particular Dansgaard’s d-excess parameter [1], in both the 
liquid residues and atmospheric moisture can inform about the partitioning of the incoming 
precipitation and inflows into evaporation and runoff fluxes and the relative degree of water 
loss by evaporation and transpiration [2], based on an time averaged values of the controlling 
parameters of the Craig-Gordon model [3].  
In practice the controlling parameters of these processes, in particular the atmospheric 
environment and its transport characteristics, change on a temporal and spatial basis much 
faster than the adjustion and mixing times of the aquatic systems. In complex ecological 
structures such as a forested area, where the sites of the evaporation and transpiration process 
extend over a considerable volume, the isotopic composition of these fluxes depends among 
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other factors on the upwind moisture balance and its isotopic signature and its dissemination 
within and under the canopy. The diurnal cycle of night-time dew or fog-drip deposition and 
mid-day evaporation adds additional complexity.  
In order to examine the effect of these factors on the isotopic composition of the liquid and 
vapor effluents from the forested site, in comparison to the values expected from a simple 
one-dimensional model of the system, compartmentalized simulations of such systems will be 
presented based on more realistic conceptual models of the water dynamics at the 
soil/biosphere/atmosphere interface, aided by information obtained from meteorological and 
flux measurements from the Yatir Forest Experimental Facility in southern Israel. 
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Air chemistry meets biology - airborne measurements of CO2 and H2O 
fluxes over a heterogeneous land surface 
H. Geiß (1), B. Neininger (2), U. Rascher (1), A.Volz-Thomas (1) 
(1) Institut für Chemie und Dynamik der Geosphäre II: Troposphäre, Forschungszentrum Jülich,  
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We present results from an airborne experiment designed to investigate the regional carbon 
dioxide budget and an attempt of relating local fluxes to underlying biological surface 
structures and anthropogenic emission sources.  
We investigated the impact of local surface inhomogeneities on the spatial and temporal 

distribution of trace gases in the 
near surface boundary layer during 
an airborne observation campaign 
in August 2004. Atmospheric 
concentrations of H2O and CO2 as 
well as several meteorological 
parameters were recorded with 
high spatial and temporal 
resolution over the heterogeneous, 
intensively managed farmland of 
the Jülicher Börde. A hyperspectral 
sensor and a high speed video 
camera were deployed in 
downward-looking mode in order 
to quantify coverage and biological 
activity of the vegetation below the 
aircraft. Additionally trace gases 
(CO, NO, NO2, NOy, PAN, O3) as 
well as aerosols have been 
measured in parallel. 
CO2 and H2O show pronounced 
small scale structures, both in the 
mixing ratios and in the fluxes (Fig. 
1). The anti correlation between 
CO2 and H2O fluxes suggest that 
the fluxes are due to biological 
activity, i.e., photosynthesis and 
transpiration. The results suggest 
too that vegetation structures with a 
size of 500 meters can be identified 
in their contributions to the local 

CO2 and H2O budget. The highest CO2 flux along the flight path are produced by a small 
natural preserve area with a poplar stand, whereas the areas covered by sugar beats seem to 
have substantially smaller CO2 and H2O fluxes (Fig.2). This will be further investigated from 
simultaneous surface measurements of the CO2 uptake and water vapour conductance.  

Fig.1 concentrations (a) and fluxes (b) of CO2 , H2O and NO2 100 m 
above ground along a 6 km long flight track over the Jülicher Börde. 
Fluxes are filtered with a cutoff distance of 400 m. 
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The airborne measurements of CO and NOx 
proved extremely valuable for eliminating 
structures imposed on the CO2 field by 
anthropogenic emission sources. The influence 
of traffic emissions from a business district and a 
motorway south of the area was clearly 
identified by the pronounced positive NOx fluxes 
in the southern part of the experimental area 
(Fig. 1). Using the NOx/CO2 emission ratios 
taken from emission inventories for the 
experimental area the contribution to the overall 
CO2 budget can be quantified. Road traffic 
represents about 95% of the total NOx emissions 
in this area according to the emission inventory.  

The large coal-fired power plant Weisweiler, located upwind of the measuring area, was 
intercepted several times during the campaign causing strong enhancements in CO2, CO and 
NOx. From the slope of the correlation of data collected in the plume (see Fig. 3), the average 
CO/CO2 emission ratio is estimated to 0.65 ppb/ppm, which is in good agreement with the 
ratio of 0.6 ppb/ppm calculated from the reported emissions of the power plant. Other 
industrial sources were detected 
occasionally, but their influence on the 
measured concentrations was generally 
small 
The combination of airborne flux 
measurements and high resolution 
emission inventory will provide 
information on the contributions of 
different anthropogenic sources to the CO2 
budget and will hence allow a better 
assessment of the exchange fluxes with the 
biosphere. 

On the sensitivity of Lagrangian stochastic footprint modeling to within 
canopy flow statistics derived from wavelet analysis 
Mathias Goeckede (1), Christoph Thomas (1),Tiina Markkanen (2), Johannes Ruppert (2), Matthias 
Mauder (2), Thomas Foken (2) 
(1) Oregon State University, Department of Forest Science, Corvallis, USA 
(2) University of Bayreuth, Department of Micrometeorology, Bayreuth, Germany 
Mathias.Goeckede@oregonstate.edu 
As the locations of flux towers which are part of flux monitoring networks such as 
FLUXNET (e.g. Baldocchi et al., 2001 [1]) have to be chosen because of their ecological 
importance, in many cases micrometeorological aspects play only a minor role when setting 
up a site. Hence, these sites are often located in complex terrain and are characterized by 
heterogeneous land cover composition with short fetches over the target land use type, 
conditions that compromise the collection of high quality meteorological data sets. The 
application of the eddy-covariance technique, which is commonly used for flux determination 

Fig. 3:  Relation of CO to CO2 in the plume of the power plant 
Weisweiler 

 
Fig.2 Photosynthetic uptake of CO2 and 
transpiration by sugar beat leafs underneath the 
flight tracks (a LAI of 4 has been assumed)
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(e.g. Aubinet et al., 2000 [2]; Baldocchi et al., 2000 [3]), requires therefore a site dependent 
quality control to allow for a robust interpretation of the flux measurements (Foken et al., 
2004 [4]). A key component in the data quality protocol are footprint models that determine 
the spatial context of a measurement by defining a transfer function between sources or sinks 
of the signal and the sensor position. The derived source area is crucial for the interpretation 
of micrometeorological data sets, e.g. by determining the fetch requirements under changing 
atmospheric stability regimes or by assessing the influence of distorting terrain elements on 
the measurements.  
A powerful tool to model source areas over forest are Lagrangian Stochastic footprint models 
(e.g. Baldocchi, 1997 [5] Rannik et al., 2000 [6]; 2003 [7]), because this technique allows the 
consideration of horizontally heterogeneous flow conditions, effects of canopy flow on the 
measured fluxes, and a more realistic treatment of diffusion compared to analytic footprint 
models. As drivers, Lagrangian stochastic models use characteristics of prevailing turbulence 
to calculate trajectories of individual air parcels, such as the profiles of the mean wind speed 
u, the wind fluctuations (σu; σv; σw), or the dissipation rate of turbulent kinetic energy ε. 
However, as only few generally valid theories are known for the flow in the canopy space 
(e.g. Lee, 1998 [8]; Finnigan, 2000 [9]), for within canopy flow these parameters often have 
to be approximated with crude generalizations and certain ad hoc assumptions (Schmid, 2002 
[10]). 
This study aims at testing the sensitivity of a Lagrangian Stochastic footprint model to the 
input parameters describing the turbulent flow field, with a focus on the within canopy flow 
processes. A long-term dataset of turbulence measurements collected during the 
WALDATEM-2003 (WAveLet Detection and Atmospheric TurbulencE Measurements, see 
Thomas et al., 2004 [11]) experiment within and above a tall spruce canopy is used to extract 
detailed turbulence statistics as input parameters for the footprint model. This dataset includes 
a profile of sonic anemometers, with the highest instrument at 14 m above the canopy, which 
was used to obtain high-frequency time series of turbulent variables and to monitor the 
turbulent exchange. In addition, the main tower was equipped with vertical profiles of cup-
anemometers and mean temperature and humidity probes. The turbulence structure in the 
lower atmospheric boundary layer was observed with a SODAR-RASS system located in a 
clearing 200 m away from the main tower. From these measurements, representative profiles 
of the input parameters required for the footprint modeling are derived by application of 
different filters to the original data set. We employed spectral analysis using a wavelet 
analysis tool (Thomas and Foken, 2005 [12]) to determine the exchange regimes based on the 
detailed analysis of coherent structures along the vertical profile. These analyses allow the 
characterization of several typical states of coupling and decoupling between the canopy 
space and the atmosphere. The resulting description of the turbulent flow field varies in both 
the spatial and temporal context, as statistics were derived separately for typical different 
exchange regimes and wind direction sectors. 
Besides using the WALDATEM dataset which allows a detailed characterization of the 
turbulent flow regimes at the Waldstein Weidenbrunnen site, two additional simpler methods 
to describe the canopy flow regime will be applied for means of comparison. Firstly, the 
parameterization of the flow statistics presented by Rannik et al. (2003 [7]) will be used, 
which have been tested thoroughly for Lagrangian Stochastic footprint modeling. This dataset 
was derived by measurements at the Hyytiälä site in Finland, for a forest architecture that has 
characteristics significantly different from the Waldstein Weidenbrunnen site. Secondly, a 
model by Massman and Weil (1999 [13]) to parameterize the profiles of the flow statistics 
based on profiles of the leaf area index will be employed. The impact of the application of 
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these different descriptions of canopy flow will be tested by comparing size and position of 
the source areas computed by the footprint model, as well as by the determined composition 
of land cover types within the source area and their correlation to the measured eddy-
covariance fluxes. 
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Quantification of nocturnal, respiratory CO2 fluxes is a major issue due to the importance of 
this term in correctly assessing annual carbon budgets. Systematic errors in measuring 
respiration can result in misinterpretation of the source / sink behavior of the observed 
ecosystem [1,2]. This contribution uses micrometeorological data collected during four 
intensive measurement campaigns within a forest to compare eddy covariance and chamber 
estimates of net ecosystem exchange (NEE). These two independent methods should give 
comparable estimates of nocturnal CO2 efflux, but it is well known that eddy covariance (EC) 
measurements generally result in lower values for respiration [3] largely as a result of changes 
in CO2 storage and the difficulty to measure advection terms. Most authors therefore attribute 
the measured difference to difficulties arising in the EC methodology under calm wind 
conditions. Fewer authors consider chamber measurements or the so-called chamber effects as 
the source of error [2,4] caused by modification of the microenvironment by the chamber 
itself. Yet another reason for the mismatch between the methodologies is the fact that EC-
measurements represent large source areas (especially under stable conditions) while chamber 
measurements are of very local nature. 
This contribution focuses on possible reasons for the underestimation of the carbon efflux by 
the eddy covariance approach. NEE is defined as the carbon flux through a horizontal plane at 
the reference height hr. Assuming incompressibility, and neglecting horizontal turbulent flux 
divergence, the exchange rate between soil-forest and atmosphere is given by [5,6]: 
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were x, y, z define the Cartesian coordinates, u, v, w are the longitudinal, lateral and vertical 
wind components respectively and c stands for the carbon concentration. Overbars denote 
time averages and primes departures of the instantaneous values from the mean.  
Under strong wind conditions in an ideal site in homogeneous, flat terrain, only term {1}, the 
vertical eddy flux of carbon, will be non negligible. Under low wind conditions, when the 
atmosphere is stably stratified, CO2 can be stored in the volume below hr {2}. As the stored 
CO2 overnight is exchanged through the forest-atmosphere interface with the onset of 
turbulence in the following morning, this term can be neglected if the averaging time is 
sufficiently large. In more complex terrain the advection terms may lead to the transport of 
carbon enriched air out of the measurement volume leading to systematic errors {3}. Wind 
tunnel simulations as well as theoretical considerations suggest that under stable conditions 
even rather shallow topography can lead to cold air drainage, as the slope length rather than 
the slope angle is a key controlling parameter. Measuring vertical advection is subject to a lot 
of uncertainty due to the very small values of mean vertical wind speed. For nighttime (stable) 
conditions however reported values are consistently positive and hence CO2 is lost from the 
ecosystem [6,7]. 
Long-term estimates of terms {1}, {2} and {4} will be presented using above-canopy 
turbulent fluxes, and vertical profiles of time-averaged concentrations of CO2 and water vapor 
at the Tumbarumba (Australia) flux station [8] to compare their relative magnitudes; how 
these vary with time scale (daily, seasonal and annual); and assess the nature of the errors that 
arise when NEE estimates neglect some components of (1). We use measurements obtained 
from an advection experiment on a 50 x 50 x 6 m control volume to assess the relative 
magnitude of all terms of the mass budget in (1) beneath a forest canopy and the results of this 
NEE estimate are compared with measurements of nighttime NEE derived from soil-, stem- 
and leaf chambers. 
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Measurements of aerosol particle dry deposition velocities using relaxed 
eddy accumulation technique 
Tiia Grönholm, Veijo Hiltunen, Lauri Laakso, Üllar Rannik, Pasi Aalto, Timo Vesala, Markku 
Kulmala   
Department of Physical Sciences, University of Helsinki, Finland 
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Dry deposition of aerosol particles depends on particle size, atmospheric turbulence and 
stability, and on the collecting properties of the surface. Experimental data on particle 
deposition smaller than 100 nm in size, where the highest number concentration occurs, are 
very scarce [1].  
The most direct method to flux measurements is the eddy correlation method which requires 
fast-response sensors. An alternate method, relaxed eddy accumulation (REA) method 
requires air to be sampled at a constant rate and placed in one container during positive 
vertical wind velocities, w, and in another during negative w. Since this method is based on 
accumulated concentrations, sensors with slower response are sufficient. 
This study presents deposition velocities of aerosol particles having diameter between 8 and 
150 nm measured by a REA system designed and tested by Gaman et al. [2]. 
The measurements were performed at the SMEAR II station (Station for Measuring Forest 
Ecosystem - Atmosphere Relations), Hyytiälä, Southern Finland. The REA measurement 
tower is located in a 40-year-old Scots pine forest with dominant tree height of 14 m. A 
detailed description of the site, measurements and meteorological studies can be found in 
Vesala et al. [3] and Rannik [4]. 
The REA system measures particle fluxes (diam < 100 nm) with very high size resolution. 
The system consists of a fast-response sonic anemometer, a flow system and a software for 
operating the valves, and a Differential Mobility Particle Sizer (DMPS) for concentration 
analysis. The flux, F, is calculated from the measured standard deviation of w, σw, the average 
concentrations of the species sampled according to upward (+) and downward (-) w, C+ and  
C-, by 

),( −+ −= CCF wβσ  

where β  is an empirical dimensionless coefficient (determined to be 0.39 for the system in 
Hyytiälä). 
The deposition velocity (vd) is defined by 

,
C
Fvd −=  

where C is the average concentration of the particles. 
In this study we simultaneously measured two narrow particle size classes. One size class was 
kept constant at 30 nm, while the other varied from 8 to 150 nm. Measuring period of each 
size class was one month. 
We calculated deposition velocities only from fluxes measured under near-neutral conditions 
(Obukhov length |L| >100) and with friction velocity u* > 0.1 m s-1. Figure 1 presents vd of 
each size class measured and normalized with 30 nm particle mean deposition velocity as well 
as the measurements by Gallagher et al. [1]. 
The deposition velocity of 30 nm particles were around 0.9 cm s-1 except in January  
(1.2 cm s-1) and in September (1.4 cm s-1). The mean and median friction velocities of each 
measuring periodwere 0.5-0.6 m s-1. 
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Fig. 1. Dry deposition velocities measured in this study and by Gallagher et al. [1]. Vertical bars in 
our measurements present 3 s.d. 
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locations 
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We are using a multivariate statistical clustering analysis to determine how well the current 
distribution of sites in the AmeriFlux network is representative of the dominant combinations 
of vegetation, soils, and climate which are present in the conterminous US.  Statistical indices 
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based on multivariate representativeness and site importance indicate how well the current 
network of towers "samples" the population of flux environments present within the nation.  
The same empirical approach provides a repeatable rationale for the selection of additional 
flux tower sites by determining any number of additional locations such that the 
representation of the overall network is maximized by their addition.  A representativeness 
importance value for each existing eddy covariance tower to the AmeriFlux network can be 
calculated. 
We have statistically created a series of nine sets of flux-relevant ecoregions which divide the 
conterminous U.S. into a set of areas within which the carbon flux from terrestrial ecosystems 
is expected to be relatively uniform and homogeneous.  Starting with digital GIS layers of 
factors deemed important in regulating carbon fixation and loss from terrestrial ecosystems, 
we assembled a set of maps of multivariate factors which describe and characterize the flux 
environment in each map cell.  Then, we used a k-means clustering procedure to classify each 
map cell into a particular group whose cells have sufficiently similar flux environments.  
Because there were as many as 30 environmental descriptors, each with nearly 8 million cells, 
it was necessary to perform the clustering process on a parallel supercomputer. 
Because the statistical process is quantitative, the similarity of a selected flux-ecoregion to 
every other ecoregion in the map can be calculated.  Maps can be produced that show the 
degree of similarity to the chosen flux-ecoregion as a series of gray shades.  By sequentially 
selecting flux ecoregions currently containing an AmeriFlux tower, maps showing the 
geographic area which is represented by measurements from that flux tower will be produced. 
More importantly, the flux ecoregions provide a statistical basis for quantitatively determining 
the similarity of flux environments in two different locations.  If flux has been measured in 
one of these environments, it may be possible to statistically adjust tower measurements, 
using the quantitative differences between the flux environments, to obtain a reasonable 
estimate of flux in an unmeasured location. 
In the future, we will use the quantitative similarity of the suite of flux-relevant ecosystem 
characteristics to modify existing flux measurements and estimate fluxes within unmeasured 
flux ecoregions.  This quantitative ecoregion-based bottom-up approach to stratifying carbon 
flux and then estimating from existing measurements, if successful, may be the fastest way to 
fulfill the NACP and AmeriFlux goals of seasonally mapping regions of sources and sinks of 
carbon within the North American continent. 

Photosynthetic CO2 flux between atmosphere and boreal forest 
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(2) University of Helsinki, Department Physical Sciences, Finland 
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The measuring station SMEAR II was planned and implemented to monitor mass and energy 
fluxes between atmosphere and coniferous forest, within forest and between vegetation and 
soil.  Photosynthesis is the source of raw material for growth of new needles, wood and roots.  
The carbon dioxide needed for photosynthesis is taken from the atmosphere.  This fact 
enables measurement of photosynthesis as CO2 flux from the atmosphere into needles.  A 
twig is inserted into the measuring chamber that normally is open and wel ventilated.  The 
cuvette is closed for measurements, in our case 60 seconds, and the decrease in CO2 
concentration is measured at 5 seconds interval.  The photosynthetic rate of the twig is 
determined from the CO2 mass balance equation for the chamber. 
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We have monitored photosynthesis of top branches at SMEAR II since spring 1996 day and 
night year around.  The analysis of the results has detected four types of phenomena.  (i)  On 
cloudy days in summer the daily pattern of photosynthesis is generated by the variation in 
photosynthetically active light, (ii) on sunny days in summer the daily pattern is generated by 
photosynthetically active radiation and stomatal closure slowing down the CO2 flux from 
atmosphere into the needle, (iii) in spring and autumn the daily patterns are rather similar as in 
the previous cases but the level is lower and (iv) the slow acceleration in spring and decline in 
autumn is driven by temperature. 

The wind profile above and within a homogeneous canopy and its variation 
with stability 
Ian N. Harman, John J. Finnigan 
C.S.I.R.O. Marine and Atmospheric Research, Canberra, Australia. 
Ian.Harman@csiro.au 
The mean flow profile above tall plant canopies is well known to not conform to the standard 
boundary-layer flux-gradient relationships.  However there exist a number of applications, for 
instance the prediction of near-surface winds within numerical weather prediction, where such 
simple relationships are required.  We address this problem by reconsidering simple one-
dimensional, first-order closure (mixing length based) models for the flow within and above a 
canopy in light of the mixing layer analogy for the flow at canopy top [1]. 
The model consists of two components. Firstly, the flow within a deep, dense and uniform 
canopy, as characterised by a single penetration depth scale, takes the well-known exponential 
form [2].  Secondly, the flow above the canopy is that of an atmospheric surface layer and 
includes a new form for the roughness sub-layer correction [3].   The roughness sub-layer 
correction is formulated by hypothesising that the deviations from the standard surface-layer 
flux-gradient relationships are a result of coherent structures arising from the mixing layer at 
canopy top. The mixing layer analogy states that the flow is characterised a single length 
scale, formally the vorticity thickness of the flow [1].  This is therefore the natural length 
scale for the vertical scaling of the roughness sub-layer correction.   
These two components are coupled together by requiring continuous profiles of the vertical 
flux of momentum and of wind speed.  The single characteristic length scale at canopy top 
implies that the vertical gradient of wind speed is also continuous, within the first order 
closure used, and places a control on the magnitude of the roughness sub-layer correction.  A 
significant result of the coupling of these two components is that parameters within each of 
the components, for instance the displacement height or roughness length, are no longer 
independent of each other and could vary, for instance with stability.  Together this combined 
model allows us to consider the vertical wind profile through the full depth of the boundary 
layer and across a range of stabilities – the range determined as where buoyant motions do not 
require the inclusion of additional length scales in the problem.  
Figure 1 shows a comparison of model predictions and observations for three stability classes.   
The observations are quality controlled, hourly-averaged wind profiles obtained with 2D 
sonic anemometers on the 70m tower at Tumbarumba, Australia [4] over a period of 15 
weeks.  The variation of the profiles with stability, both above and within the canopy, is 
significant and successfully predicted.  In particular, the predicted change with stability of the 
gradient above the canopy these indicates that the roughness sub-layer correction is 
performing well, and the decrease of the e-folding depth for the flow within the canopy with 
increasing stability illustrates the coupling of the flow above and within the canopy.  The 
notable exception to the good prediction is the section of the profile within the canopy in 
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stable conditions (right panel).  In these conditions a drainage current is expected due to the 
slight slope at the site. 

 

 
Fig 1. Modelled and observed vertical profiles of normalized wind speed in unstable (left panel,   -0.6 
d hc  /L d -0.25), neutral (central panel) and stable conditions (right panel, 0.25 d hc / L d 0.5); hc is 
the height of the canopy, L the Monin-Obukhov length. Solid line: full model; dash-dotted line: 
extrapolated surface layer profile, where the displacement height and roughness length take values as 
in neutral conditions. Crosses show the mean of the n observations; triangles show one standard error 
of the mean. Note the changed horizontal scale in the stable case. 

Also shown in Figure 1 are the standard surface-layer flux-gradient profiles where the 
roughness length and displacement height take values as in neutral conditions.  The impact of 
the roughness sub-layer correction above the canopy is clearly seen in the neutral case (central 
panel).  The full model profiles exhibit significant offsets from the extrapolated surface layer 
profiles away from neutral conditions.  These offsets are primarily due to the variation with 
stability of the displacement height.  This indicates that such parameters cannot be considered 
fixed and may exhibit systematic variation with stability. 
The combined model indicates that the key parameter required to close the problem is the 
value of the ratio of mean wind speed to friction velocity (U/u*) at canopy top.  This 
parameter controls the vertical scaling of the wind profile within the canopy, the vertical 
scaling and magnitude of the roughness sub-layer correction and plays a key role in 
determining the displacement height and roughness length for the flow above the canopy.  All 
of these features of the flow are interrelated and therefore cannot be specified separately.  



256 

However this ratio shows a complicated dependence on stability that requires further 
investigation. 
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Ammonia (NH3) volatilization from croplands is one of the important sources of atmospheric 
ammoniacal nitrogen. Cultivation of paddy rice, the most important crop in Asia, can be a 
significant emitter of NH3. Nitrogen loss through NH3 volatilization is estimated to be 5-47 % 
in paddy rice fields [1]. On the other hand, relevant studies have not progressed in Japan, by 
which the pH of Japanese soils is relatively low. Therefore, the degree of NH3 emission from 
paddy fields in Japan has been little elucidated. Given the circumstances, the purposes of this 
study were to investigate emission fluxes of NH3 from the surface of paddy fields in Japan 
and to examine the relationships between emission flux and water quality. 
This study was conducted at an experimental field with six lysimeters in the National Institute 
for Agro-Environmental Sciences, Japan. Each lysimeter has a 9.0 m2 of area and a 1.0 m of 
depth, which was filled with plowed and underlaid layers of Gray Lowland soils (Fluvisols) 
[2]. The value of soil pH(H2O) is 5.5. These six plots were divided into three types of 
cultivation history, two plots per type, i.e., continuous cropping of paddy rice (PR), paddy rice 
cropping converted from upland rice cropping (UR), and paddy rice cropping converted from 
double cropping of soybean and wheat (SW). Paddy rice (Oryza sativa L. cv. Nipponbare) 
was transplanted in all plots in this study. 50 kg N ha-1 of urea was applied as the basal 
fertilizer on May 13, 2005 by well mixing into the plow layer just before transplanting. 
Subsequently, the paddy fields were kept being flooded until the mid July. 30 kg N ha-1 of 
urea was applied as the first additional fertilizer on July 11, 2005 by top-dressing. The paddy 
fields were then drained until July 23, 2005. After the midsummer drainage, the paddy fields 
were intermittently irrigated and 10 kg N ha-1 of urea was applied as the second additional 
fertilizer on August 5, 2005 by top-dressing. The paddy fields were re-flooded on August 12, 
2005, and paddy rice was harvested on September 27, 2005. 
A dynamic chamber method was employed to observe NH3 volatilization fluxes from the 
surface of paddy fields. A set of dynamic chamber per plot was used. Ambient air was sucked 
in at a height of 2 m from the surface of paddy fields and flowed through an acrylic chamber 
with 3.2 L in volume. A filter pack sampler with two stages (NILU, NL-I) was used for 
trapping NH3 in the exhaust from the chamber; the first stage contains a PTFE filter 
(ADVANTEC, T080A047A) which removes particulates and the second stage contains a 
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cellulose filter (ADVANTEC, 51A) impregnated with phosphoric acid which absorbs NH3. 
Two other systems without chamber were used for determining NH3 concentrations in the 
ambient air. NH3 volatilization fluxes were observed on and after each application of fertilizer 
until volatilization stopping. The frequency of observation was three or four times per day 
with two hours of suction. A negative value of calculated flux was interpreted as zero in 
emission. For water quality, temperature, pH and concentration of ammonium ion (NH4

+) of 
the surface water on the paddy fields were measured 
.

 
Fig.1. NH3 volatilization fluxes from the surface of paddy fields at the first additional fertilization. 
Outline symbols on a white background denote that the paddy fields were drained. 

Figure 1 shows the volatilization fluxes of NH3 on and after the first additional fertilization. 
The maximum flux was 44.9 g N ha-1 h-1 at the SW1 plot. The fluxes were largely different 
among the plots, although each plot showed the conditions which accelerate NH3 
volatilization such as a high NH4

+ concentration, a high pH, and a high temperature. The 
notable difference in condition was a depth of the surface water. The UR2 and SW2 plots with 
the smaller fluxes were covered by water with several centimeters of depth on July 12, 2005, 
while the SW1 and PR1 plots with the lager fluxes were nearly drained on the same day. It is 
considered that the surface water with a certain depth can form a stable stratification which 
inhibits vertical convection of the surface water and then results in lowering NH3 
volatilization. The peaks of flux on five or six days after fertilization are likely to be 
originated from decomposition of dried algal films. In addition, NH3 volatilization occurred 
even in night time. 
Table 1. Estimated total volatilization fluxes of NH3 from the surface of paddy fields 

Total volatilization flux [kg N ha-1] Ratio to corresponding fertilization [%] Fertilization 
[kg N ha-1] PR1 UR1 SW1 PR2 UR2 SW2 PR1 UR1 SW1 PR2 UR2 SW2 

Basal 50 0.08 0.03 0.25 0.09 0.05 0.05 0.2 0.1 0.5 0.2 0.1 0.1 

Additional 1 30 2.69 0.82 1.45 0.75 0.39 0.65 9.0 2.7 4.8 2.5 1.3 2.2 

Additional 2 10 0.04 0.19 0.06 0.02 0.03 0.06 0.4 1.9 0.6 0.2 0.3 0.6 

Total 90 2.81 1.05 1.76 0.86 0.48 0.76 3.1 1.2 2.0 1.0 0.5 0.8 

 
Table 1 shows the total volatilization fluxes of NH3 from the surface of paddy fields during 
this study. The ratios of volatilization to fertilization were small, 0.5-3.1 %. The further small 
fluxes compared to the first additional fertilization were observed during the basal and second 
additional fertilizations. The reason is considered that the well mixing of urea at the basal 
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fertilization and the small amount of fertilized urea at the second additional fertilization 
respectively contribute to the less increasing in NH4

+ concentrations in the surface water. The 
small volatilization fluxes of NH3 are mainly ascribed to the low value of soil pH and the low 
amount of applied fertilizer, though these are typical conditions in Japan, compared to other 
studies [1]. It is, however, possible that a large amount of nitrogen fertilizer being top-dressed 
at a nearly drained condition brings about a remarkable emission of NH3 even in Japanese 
paddy fields. 
[1] Tian et al., 2001, Chemosphere, 42, 123-129. 
[2] FAO et al., 1998, World Soil Resources Reports, 84, pp.88 
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(2) University of Waterloo, Canada 
(3) Washington State University, USA 
alanhogg@umich.edu 
Deposition of NOx (NO + NO2) and NOy species (NOx + oxidation products) can play an 
important part in ecosystem nitrogen cycling and can affect the location and magnitude of 
carbon storage in forests [1]. In addition, atmospheric NOx can influence forest health by 
affecting ambient ozone levels [2]. As anthropogenic nitrogen emissions increase [3], an 
improved understanding of ecosystem responses to deposited reactive nitrogen is essential. It 
is particularly important in understanding and predicting atmosphere-ecosystem exchange and 
feedbacks associated with changes in temperature and precipitation, as well as increasing 
anthropogenic emissions, greenhouse gases, atmospheric oxidants, aerosols, and reactive 
nitrogen inputs. 
Quantifying the fluxes of reactive nitrogen oxides and ozone and characterizing their behavior 
under different meteorological and environmental conditions allows us to begin to 
characterize atmospheric inputs of oxidized reactive nitrogen and the extent of canopy 
exposure to ozone. We can then build upon this by determining the amount of deposited 
reactive nitrogen that is incorporated into plant and microbial biomass, assessing the extent to 
which the atmosphere provides nutrient nitrogen to this forest ecosystem. 
Our research site at the University of Michigan Biological Station (UMBS), near Pellston, 
Michigan, is within a region of increased nitrogen pollution. We measured above-canopy 
fluxes of O3 (growing seasons 2002-2005), NO and NO2 (May-August 2005), as well as NOy 
(August 2005) from the 35m PROPHET tower. These data are used to determine the net 
fluxes of O3, NOx, and NOy, the relative and absolute contribution of NO and NO2 to total 
NOy deposition, relationships between O3 and NOy, as well as between NOx and NOy. This 
poster explores these relationships over a range of meteorological and environmental 
conditions.  
Additionally, our UMBS research site has a rich suite of ancillary data. Continuous 
measurements of meteorological data, ambient CO, and ambient O3 have been made since 
1997. Also, at varying intervals, collaborators have measured ambient NOx, NOy, NOy 
component species, ozone, isoprene, and hydrocarbons. Since 1998 the adjacent Ameriflux 
site has continuously measured water, sensible heat, and CO2 fluxes, as well as a suite of 
biometric data characterizing the productivity and health of the forest fetch [4,5].  
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Specifically, we wish to know:  (1) How does the canopy’s role as a net source or sink of O3, 
NOx, and NOy vary under different meteorological and environmental conditions?  (2) How 
do atmospheric inputs of reactive nitrogen oxides vary with varying meteorological and 
environmental conditions?  (3) What is the relationship between NOx, NOy, or O3 fluxes and 
canopy conductance?  (4) Can the surface/stomata deposition ratio be determined for these 
compounds?  (5) Is there a relationship between NOx, NOy, or O3 deposition velocities and 
other ambient measurements? i.e. Can we deduce past deposition velocities to estimate fluxes 
from ambient concentrations?  and (6) Can we see the possible effect of NOx, NOy, or O3 
fluxes on forest productivity? 
This poster will focus on examining stomatal uptake/emission of reactive nitrogen oxides and 
stomatal uptake of ozone. To do so, we use water flux data in conjunction with the Penman-
Monteith equation [6] to estimate a canopy conductance. We anticipate that this relationship 
will clarify, for this ecosystem, the ratio of stomatal vs. surface deposition of ozone [7], as 
well as produce similar data for NOx and NOy. 
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Understanding and prediction of atmospheric boundary layers over land 
Bert Holtslag 
Professor of Meteorology and Air Quality 
Wageningen University, Netherlands 
Bert.Holtslag@wur.nl 
The atmospheric boundary layer is an important aspect of the energy and water cycle, and is 
also very relevant for other cycles in the earth system such as for Carbon. In 2001 the 
GEWEX Atmospheric Boundary layer Study (GABLS) was established to improve the 
understanding and representation of the atmospheric boundary layer in regional and large 
scale atmospheric models for weather, climate and earth system studies. In this talk an 
overview will be given of the findings within GABLS as well as an outlook for future 
activities. 
Given the state of art, it was decided to first focus on the representation of the stable 
atmospheric boundary layer (SBL). Note that stable conditions prevail in the atmospheric 
boundary layer over the continental land and polar regions during night, and may occur during 
the whole day in wintertime. It appears that much of the warming predicted by climate models 
occurs during such stable atmospheric conditions. Consequently the representation of the 
stable atmospheric boundary layer (SBL) is very relevant for proper modelling of regional and 
global climates. As such a bench mark case was set up for column models and fine scale 
(Large Eddy Simulation) models.  Overall the results indicate that the models show quite 
significant differences for the mean temperature and wind profiles as well as the turbulent 
fluxes and other model outputs for the same initial conditions and forcing conditions. On 
basis of these findings a special issue of Boundary Layer Meteorology on GABLS will appear 
in February 2006 (see also pages 18-19 in the first iLEAPS newsletter of Nov. 2005). 
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At present we focus on the diurnal cycle of the clear boundary layer over land. As such a new 
intercomparison case for column models has been set up for three consecutive days on basis 
of observations within CASES99 (held in USA). In addition fine scale modeling will be used 
as an additional reference for model intercomparison. Some of the first results will be 
presented. 
Overall the GABLS findings clearly indicate that there still is a strong need for a better 
understanding and a more general description of the atmospheric boundary layer in 
atmospheric models for weather, climate and earth system studies. More background 
information is given at www.gewex.org and http://www.met.wau.nl/projects/Gabls/index.html 

Simulating effects of land use change on energy, water and carbon fluxes 
with a process model at site of eddy flux measurements 
Mei Huang (1), Jinjun Ji (1,2), Mingkui Cao(1), Kerang Li (1) 
(1) Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of 
Sciences, Beijing, 100101, China.  
(2) Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing, 100029, China.  
huangm@igsnrr.ac.cn 

A process model was used to simulate changes in the energy, water and carbon fluxes at a site 
that was transformed grassland to a plantation at Qian Yanzhou. The total carbon storage of 
the zonal vegetation (evergreen broadleaf forest) was simulated and taken as the saturated 
carbon storage value of that site. The simulated vegetation density and soil organic carbon 
(SOC) were compared with the observed. The simulations show that the net radiation and 
latent heat flux were increased and the soil temperature and the variation of soil moisture were 
decreased in the situ due to the land use change. After 20 years planting of the needle leaf 
forests (Pinus Massoniana, Cunninghamia lanceolata and Pinus elliottii ect) on ex-grassland, 
the net carbon storage increase in the plantation was 8.03 kg C/m2, in which the vegetation 
carbon storage increased 8.5334 kg C/m2 and the soil carbon storage decreased 0.518 kg 
C/m2. The total carbon storage of 20 years plantation is 58.6% of the saturated value. The 
study also shows that between 0 and 7 years of land use change the soil carbon was decreased 
and between 7 and 20 years it was predicted to increase slowly. The simulations are agreed 
well with the observations. 

METHDOLOGY 
Model description 

The model used in the study is the Atmosphere-Vegetation Interaction Model (version2, 
AVIM2) that was developed for simulating seasonal and interannual variations in biophysical 
and biogeochemical processes at the land surface. This new version couples the original 
AVIM with a soil organic carbon (SOC) model. The AVIM includes a plant growth model 
and a soil vegetation atmosphere transfer (SVAT) scheme. The SVAT simulates energy 
transfer and water cycle: radiation transfer and sensible heat exchange as well as rainfall, 
interception, drainage, surface runoff, infiltration, evapotranspiration, etc. Photosynthesis, 
respiration, dry matter allocation among plant organs, and decomposition of organic matter 
are simulated in the plant growth model. The SOC submodel divides soil organic matter into 
active, slow and passive organic pools. First-order equations are used to calculate the rates of 
the decomposition of the 3 pools, and litter quality, soil moisture, temperatures, and soil 
texture are considered to affect the decomposition rates. Turnover of active soil organic 
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matter (SOM) and formation of passive SOM is estimated based on the decomposition rates 
and the transfers of the organic matter between the 3 pools. 

Study site  
This experiment site is one of the “Chinaflux” network, locating in South China at 
26°44¢48²N, 115°04¢13²E. The land cover of the site was wild grassland before 1983, the 
year the network station setup. The land cover of Qian Yanzhou changed much after 1983, the 
area of wild grassland decreased from 83.2% in 1983 to 5.2% in 1997 and the area of forest 
increased from 0.88% in 1983 to 60.11% in 1997. The needle leaf forests planted in this site 
were not disturbed by human activities after planting. The Chinese government planted much 
plantation in the red earth hilly area of the southern China after 1980s. The land use change in 
Qian Yanzhou is such an example. 

Experiment design 
This experiment aims at estimating the energy, water and carbon fluxes change in the 
ecosystem due to land use change and estimating the carbon increase potential of the site. The 
simulation was conducted by running the model to equilibrium first and then doing the 
following 3 experiments: 1) Assuming the vegetation at the site as the zonal vegetation 
(evergreen broadleaf forest) and running the model to simulate the soil and vegetation carbon 
density change during 1962 to 2000; 2) Assuming the vegetation at the site as the grassland 
over the year 1962 to 2000 and simulating the net primary productivity (NPP), the vegetation 
and soil carbon density; 3) Assuming the vegetation as grassland during 1962 to 1982 and as 
needle leaf forest after 1983. Simulating the NPP, soil and vegetation carbon changes in the 
plantation.  

 The energy and water fluxes of needle leaf forest in 2000 were compared with those in 
grassland to see the effect of land use change on the energy and water exchanges. 

RESULT 
The simulated net radiation and latent heat flux in the plantation are greater than those in the 
grassland. The soil temperature and the variation of soil moisture were decreased in the 
plantation.  

In 2000, the net carbon storage increased in the plantation is 8.03 kg C/m2 compared to the 
grassland, in which the vegetation carbon storage increased 8.5334 kg C/m2and the soil 
carbon storage decreased 0.518 kg C/m2. The total carbon storage of 20 years plantation is 
58.6% of the saturated value.  

Between 0 and 7 years of grassland to forest the soil carbon was predicted to decrease by an 
average of 0.1725 kg c/m2 per year and between 7 and 20 years it was predicted to increase 
by an average of 0.085 kg c/m2 per year. 

The simulations are agreed well with the observations.  
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Model analysis of temporal variability in the atmosphere-ecosystem CO2 
exchange at AsiaFlux sites 
Akihiko Ito (1), Motoko Inatomi (1), Hiroyuki Muraoka (2), Nobuko Saigusa (3), Shohei Murayama 
(3), Hiroshi Koizumi (2), Susumu Yamamoto (4), Takehisa Oikawa (5)  
(1) Frontier Research Center for Global Change, JAMSTEC, Japan 
(2) River Basin Research Center, Gifu University, Japan 
(3) National Institute of Advanced Industrial Science and Technology, Japan 
(4) Okayama University, Japan 
(5) University of Tsukuba, Japan 
itoh@jamstec.go.jp 
Many observations indicate that net CO2 exchange (NEE) between the atmosphere and 
terrestrial ecosystem varies at time scales between seconds to decades or longer. Because 
different biological mechanisms force these temporal variations, it is difficult to estimate 
long-term NEE on the basis of short-term observations. For that reason, appropriate process-
based models are required to interpret observed NEE data, integrate various kinds of 
measurements, and make sensitivity analyses and predictions. 
In this study, we applied a process-based model to a cool-temperate deciduous broad-leaved 
forest in Takayama, central Japan, an AsiaFlux site (36°08’N, 137°25’E, 1420m ASL), 
aiming at model-based analyses concerning the temporal variability in NEE. The canopy is 
composed of Betula and Quercus species; canopy height is about 15–20 m and peak leaf area 
index is about 3.5. The model used in this study was developed from a simple terrestrial 
carbon cycle model Sim-CYCLE [1] with many revisions [2, 3]. The model is composed of 
12 pools of organic carbon, representing tall trees, floor plants, dead biomass, and humus. 
Photosynthetic CO2 assimilation is simulated at two different time-steps: at 30-min step with 
a sun/shade radiation transfer and biochemical photosynthesis scheme, and at 1-day with a 
big-leaf model. The model was calibrated with in situ observation data in terms of 
aboveground biomass [4], soil respiration [5, 6], and single-leaf gas exchange data [7]. For 
example, leaf-aging effects in photosynthetic capacity and leaf thickness were parameterized 
with the observation [3]. The model simulations were performed during the periods from 
1948 to 2004 at daily step, and from 1998 to 2004 at 30-min step, using time-series climate 
data.  
The average state of carbon dynamics at the Takayama site was adequately captured in the 
model simulation. In the recent years (1994–2003), carbon stocks in plant and soil were 
estimated as 8.9 and 32.8 kg C m–2, respectively. Mean annual rates of photosynthesis, plant 
respiration, and microbial respiration were estimated as –1142, 515, and 417 g C m–2 yr–1, 
respectively. Accordingly, annual NEE was estimated as –210 ± 45 g C m–2 yr–1 (sink); this is 
satisfactorily close to the observed one –237 ± 87 g C m–2 yr–1 by the eddy-covariance method 
[8]. Comparison of daytime NEEs between the estimation and flux observation showed that 
the model retrieved temporal variability in NEE with high precision (Fig 1), although the 
model estimated higher nighttime ecosystem respiration rates than observation.  
Through sensitivity analyses for several leaf parameters, it was found that the seasonal 
variability in photosynthetic capacity (i.e. maximum carboxylation rate) and leaf thickness 
(i.e. leaf mass per area) exerted substantial influences on canopy carbon gain and thus net 
ecosystem exchange, in addition to the effects of environmental conditions and leaf 
phenology. Evident seasonal change was found in the CO2 emission rate from ground surface 
(soil respiration), as observed by chamber methods [5, 6]. However, the model failed to 
correctly capture the temperature–soil respiration relationship, such that the simulated Q10 
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value was much lower than the observation. This implies the necessity of model improvement 
in soil and root CO2 emission processes.  
Another sensitivity analysis indicated that disturbance events would bring about long- and 
short-term perturbations in NEE. It was suggested that the large net sink was attributable to 
the strong impact of human disturbance by logging in the 1960s, because the Takayama site is 
composed of secondary forest. In addition, strong typhoons could affect NEE by causing 
abrupt defoliation of green leaves; this effect may disappear within a few years.  
This study indicated that a process-based model is useful to interpret the observed NEE data 
and ecosystem carbon cycle. Currently, the AsiaFlux is composed of about 30 sites, including 
tropical forest in Southeast Asia, alpine meadow in Tibetan Plateau, croplands and paddy 
fields, and boreal forest in Siberia. The model will be applied to these AsiaFlux sites for 
improving model applicability to diverse types of terrestrial ecosystems.  
This study was partly supported by the Global Environmental Research Fund of the Ministry 
of the Environment, Japan (Project S-1:Integrated Study for Terrestrial Carbon Management 
of Asia in the 21st Century Based on Scientific Advancements).  
 

 
Fig 1. Daily net ecosystem exchange (NEE) of Takayama site. Model estimation and flux observation 
are compared. 

References 
[1] A. Ito, T. Oikawa, 2002, Ecol. Model., 151, 147–179. 
[2] A. Ito et al., Agr. For. Meteorol. (in press). 
[3] A. Ito et al., Ecol. Res., (in press). 
[4] T. Ohtsuka et al., Agr. For. Meteorol. (in press). 
[5] M.-S. Lee et al., 2003, Plant Soil, 255, 311–318. 
[6] W. Mo et al., Agr. For. Meteorol. (in press). 
[7] H. Muraoka and H. Koizumi, Agr. For. Meteorol. (in press). 
[8] N. Saigusa et al., 2002, Agr. For. Meteorol., 112, 203–215. 



264 

Modeling canopy carbon discrimination in a dense forest with a multi-layer 
biophysical model 
Alexander Knohl (1,2), Dennis D. Baldocchi (2) 
(1) Max Planck Institute for Biogeochemistry, Jena, Germany 
(2) University of California, Berkeley, USA 
aknohl@nature.berkeley.edu 
Carbon isotope discrimination during photosynthesis of plant canopies has been used to 
constrain global carbon models and to partition ecosystem fluxes into its components. Often 
carbon discrimination is estimated based on a big-leaf model assuming constant 
environmental forcing for the entire canopy. In dense and tall forest canopies, however, 
microclimatic conditions and therefore stomata control on discrimination can strongly vary 
vertically within the canopy. Numerous studies found a large vertical gradient in bulk leaf 
carbon isotope values indicating the importance of microclimate on discrimination. It remains 
unclear how well big-leaf models represent actual canopy discrimination considering 
microclimatic variations throughout the canopy.  
Here we use a multi-layered biophysical canopy model to estimate discrimination for each 
layer and to obtain flux-weighted canopy discrimination for the entire canopy. The model 
consists of 40 layers, each distinguishing sunlit and shaded leaves. Leaf energy balance, leaf 
transpiration and photosynthesis are calculated for each layer based on turbulence inside the 
canopy and light penetration through the canopy. The model shows very good agreement with 
carbon, water and energy fluxes measured with the eddy covariance technique. The modeled 
vertical gradient in carbon discrimination matches well with observations made in bulk 
material and sugars from leaves indicating the importance of microclimatic gradients on 
canopy discrimination in dense forests.  

Exchange processes of biogenic trace gases between a forest and the 
atmosphere 
Ralf Koppmann (1), A. Knaps (1), M. Möllmann-Coers (1), A. Schaub (1), J. Wildt (2), Ralph  
Dlugi (3), Michael Zelger (3), Franz X. Meixner (4), Michael Kortner (4), A. Neftel (5), C. Spirig (5) 
(1) Forschungszentrum Jülich, ICG-II: Troposphäre, 52425 Jülich, Germany 
(2) Forschungszentrum Jülich. ICG-III: Phytosphäre, 52425 Jülich, Germany 
(3) AAP, Gernotstrasse 11, D-80804 Muenchen, Germany  
(4) Max Planck Institute for Chemistry, Biogeochemistry Department, 55128 Mainz, Germany 
(5) FAL Agroscope, Reckenholz, Switzerland 
r.koppmann@fz-juelich.de 
Within the framework of the ECHO project (Emission and Chemical Transformation of 
Biogenic Volatile Organic Compounds) two intensive field experiments were carried out in 
2002 and 2003. At two towers a large set of trace gases (VOC, CO, O3, NOx), radicals (OH, 
HO2, RO2, NO3) and photolysis frequencies of relevant radical precursors (O3, NO2, 
peroxides, oxygenated VOC) were measured at different heights in and above the forest stand. 
In addition,  extended micrometeorological measurements were performed. Vertical profiles 
of wind and turbulence were measured using 14 ultrasonic anemometers, temperature and 
humidity profiles were recorded using conventional psychrometers. Experiments in plant 
chambers under defined conditions were done in order to quantify the primary emissions of 
VOC. To date, the temperature and light dependence of VOC emissions from the most typical 
species (oak, birch, beech, and elm) have been investigated. 
From the sonic data profiles of temperature and momentum fluxes were calculated and 
summarized over some days with clear sky conditions. The results show weak vertical 
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exchange below canopy and strong vertical mixing especially in the top region of the canopy. 
Combining flux measurements, footprint analyses, and other micrometeorological data, the 
transport processes affecting distribution, residence time and net fluxes of biogenic trace 
compounds within and above the forest stand were investigated. The results show a good 
agreement of modelled (based on emission algorithms, LAI and footprint) and measured 
emission rates. The observed radical concentrations and the estimated residence time of 
biogenic compounds imply a significant chemical transformation of these compounds within 
the forest stand. 

Exchange coefficients of reactive trace gases and other scalar quantities 
between different canopy stands and the atmosphere  
Michael Kortner (1), Ralph Dlugi (2), Franz X. Meixner (1), Axel Thielmann (1), Michael Zelger (2), 
Martina Berger (2) 
(1) Max Planck Institute for Chemistry, Biogeochemistry Department, J. J. v. Becherweg 27,  
D-55128 Mainz, Germany 
(2) AAP, Gernotstrasse 11, D-80804 Muenchen, Germany  
mkortner@mpch-mainz.mpg.de  
Transport processes of momentum, heat and different passive (CO2 and H2O) and reactive 
trace gases (NO, NO2 and O3) between different ecosystems and the atmosphere are 
investigated on the basis of eddy covariance and profile measurements performed during three 
large-scale field experiments in Germany - ECHO 2002 and 2003, both conducted in and 
above a mixed oak/beech forest in Juelich (Western Germany), and SALSA 2005, carried out 
at a grassland site in Hohenpeissenberg (Southern Bavaria).  
For this purpose, Prandtl and Schmidt numbers of the respective quantities are determined and 
compared with each other, but also with results of wind tunnel studies and other field 
experiments documented in literature. Particularly the interconnections between fluxes, 
variances, correlation coefficients, vertical gradients and further higher order moments as well 
as the dependencies of all these parameters on different micrometeorological and chemical 
conditions (represented by stability criteria like e.g. Obukhov length, Richardson numbers, 
Grashof numbers, and other characteristic numbers like Damköhler numbers of different 
chemical species) are elaborated in detail. Often assumed to be identical for all scalar 
quantities, the exchange coefficients especially of reactive compounds can significantly vary 
due to the superimposition of physical transport and chemical reactions.  
Thus, special emphasis is also spent on the influence of segregation processes on the Schmidt 
numbers and Damköhler numbers of the NO-NO2-O3-triad. 

An improved blending-height concept for aggregating fluxes of trace gases, 
sensible and latent heat, and momentum over heterogeneous landscapes 
Gerhard Kramm (1) ,  Ralph Dlugi (2), and  Nicole Mölders (1) 
(1) University of Alaska Fairbanks, Geophysical Institute, P.O. Box 757320, Fairbanks, AK 99775-
7320, U.S.A. 
(2) AAP, Gernotstrasse 11, D-80804 Munich, Germany 
kramm@gi.alaska.edu 
An improved version of the blending-height concept for aggregating fluxes of trace gases, 
sensible and latent heat, and momentum over heterogeneous landscapes will be presented and 
discussed. The blending-height concept was introduced into the literature by Wieringa [1], 
Mason [2], Claussen [3], [4] and applied, for instance, by von Salzen et al. [5], and Su et al. 
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[6]. In contrast to its original form, our version of the blending height concept is based on a 
consistent formulation of the mosaic approach by including the thermal stratification of air in 
the atmospheric boundary layer (ABL), where not only forced-convective conditions, but also 
free-convective conditions are considered [7]. Since the prediction of the blending height is 
also related to thermal stratification of air in the ABL, it can be varied during the diurnal 
cycle. The mosaic approach was introduced into the literature by Avissar and Pielke [8]. 
Mölders et al. [9] further evaluated it by comparison with the explicit-subgrid strategy 
proposed by Seth et al. [10]. Results of numerical predictions alternatively performed using 
these two different versions of the blending height concept will be presented and the 
differences occurred will be pointed out. It will also be shown that in some cases when 
advective effects become too large, the constant flux requirement, on which the blending-
height concept and, hence, the subsequent aggregation of the fluxes of trace species, water 
vapor and sensible heat are based, is not fulfilled so that the aggregation procedure can 
produce results of insufficient degrees of accuracy. 
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Temporal and spatial variability of CO2 efflux from soil and snow surfaces 
in a Japanese cedar forest, Central Japan 
Mi-Sun Lee, and Hiroshi Koizumi  
Institute for Basin Ecosystem Studies, Gifu University, Gifu, Japan  
leems@green.gifu-u.ac.jp 

INTRODUCTION 
CO2 efflux from the soil and snow surfaces is one of the most important processes in the 
carbon cycle of terrestrial ecosystems. CO2 efflux varies temporally and spatially because the 
environmental factors that affect this efflux can vary dramatically over large areas. However, 
CO2 efflux from soil and snow surfaces throughout season of cool-temperate forests at mid-
latitudes have not been fully determined (Mariko et al. 2000). In addition, the carbon stock of 
Japanese cedar (Cryptomeria japonica D. Don) forests represents 24% (308 to 364 ×106 Mg 
C) of the total Japan forests, with an area-weighted mean of 77 Mg C ha-1 (Fukuda et al., 
2003; Fang et al., 2005). Therefore, it is important to consider continuous measurements for 
temporal variability and multi-point measurements for spatial variability that account for CO2 
efflux from soil and snow surfaces in the Japanese cedar forests ecosystem.  
To estimate the temporal variability, we used a chamber system with automatic open and 
closing for measuring continuous CO2 efflux from soil surface based on an open-flow method 
(AOCC) described in the previous study (Suh et al., in press). To estimate the spatial 
variability, we also used a portable system for measuring leaf photosynthesis attached to a soil 
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chamber (LI-6400). Our object is to examine temporal and spatial variability of CO2 efflux 
from soil and snow surfaces in a Japanese cedar forest ecosystem.  

SITE DESCRIPTION 
The study area was a Japanese cedar plantation located in about 10 km east of Takayama city, 
central Japan (36o 08’ N, 137o 22’ E). The plantation was approximately 50 years old. This 
region refers to a cool temperate zone, Asia monsoon climate. The annual mean of air 
temperature and precipitation for 44 years (1961–2004) were 11ºC and 1745 mm, respectively 
(data from Japan Meteorological Agency). The ecological-process research plot was 
established on the middle of a slope (30 m×50 m) in November 2004. The altitude of plot 
ranged from 800 to 850 m. The slope inclination ranged from 10o to 20o. The slope direction 
is south-east. The site had 1153 trees ha-1 with ca. 20-25 m in height.  

METHODS 
The AOCC system is composed of three main parts: a chamber system, plus pumping and 
timer systems. Each chamber system consisted of three parts: chamber, cell, and soil collar. 
By attaching a cell between the chamber and collar, the AOCC system could measure CO2 
effluxes even when the ground was covered by snow. The chamber systems have an elongated 
octagonal shape (20×30×8 cm, L×W×H) to avoid the stagnation of circulation in any zones. A 
top frame encloses the upper part of the chamber and supports a fixed, 12V DC motor and 
two limit switches. An acrylic lid (0.5 cm thick) is supported on both short sides of the top 
frame. Further descriptions on the system are given by Suh et al. (in press). We installed the 
six chambers at locations with east-facing slope (n = 3, subplot: 15 m×10 m) and north-facing 
slope (n = 3, subplot: 10 m×10 m) on 25 April 2005. To establish each chamber, we inserted 
the collars at the depth of 6 to 8 cm below the top of the litter layer, cutting through the 
surface litter and roots. We operated the AOCC over an experimental period in 2005. Each 
chamber measurements during 30-min and then one measurement cycle of 3 hours were 
repeated. Analysis data were used when the CO2 concentration at the air outlet reached a 
steady state. The raw CO2 signals from the IRGAs (LI-820) were sampled every 10s and 
averaged every 1-min. We measured air temperature at the height of 30 cm near the chambers 
and soil temperatures at depth of 5 cm in the chambers. Continuous measurements of soil 
temperature and water content by TDR (time-domain-reflectometry sensor) were carried out 
near the chambers at a soil depth of 5 and 10 cm below the top of the litter layer at 30-min 
intervals over the entire study period.  
To estimate the spatial variability, CO2 effluxes from soil surface were measured at 15 lattice 
positions within a 30 m × 50 m plot at 10 m intervals, using a portable system (LI-6400, LI-
COR, Lincoln, NE, USA). We measured CO2 efflux from soil on summer (19 July) and 
autumn (30 September) in the plots. The measurement duration was 2 hours from 11:00 to 
13:00. Soil temperature at depths of 1 and 5 cm were measured using two thermometers and 
average soil water content at a 5 cm was measured simultaneously using a TDR (TRIME-FM, 
IMKO, Ettlingen, Germany).  

RESULTS AND DISCUSSION 
In this study site, no marked diurnal trends in the CO2 effluxes from soil surface were 
observed on days without rainfall. In contrast, significant changes in CO2 effluxes from soil 
surface were detected on days with rainfall events. The exponential relationship between soil 
temperature and soil CO2 effluxes accounted for approximately 50 % of the soil CO2 efflux 
variability. Our results indicated that CO2 effluxes from soil surface are strongly related to not 
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only soil temperature but also soil moisture and/or precipitations. We seem to report on the 
result of CO2 efflux from snow surface measured by AOCC system.  
The CO2 efflux from soil surface using the portable system in July and September to estimate 
the spatial variability averaged 595 ± 240 and 433 ± 139 (mean ± SD) mg CO2 m-2 h-1, 
respectively. The CO2 efflux from the soil surface in autumn was significantly lower than in 
summer (P < 0.05). The required number of measurement points in each of the season was 75 
and 48 for allowable margin of error 10 % in the sample mean at the 95 % probability level. 
Although, the required number of measurement points in each of the season was 19 and 12 for 
allowable margin of error 20 % and same probability level. It is clear that the degree of spatial 
heterogeneity in CO2 efflux from the soil surface in this forest ecosystem was as high as 
tropical forest.  
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Net ecosystem exchange of a rain fed maize field 
Lehner Irene, Vogt Roland, Parlow Eberhard 
Institute of Meteorology, Climatology and Remote Sensing, University of Basel, Switzerland 
Irene.Lehner@unibas.ch 
The Kyoto Protocol induced political and scientific interest in the potential of agro-
ecosystems to sequester carbon dioxide (CO2) and therefore to mitigate the greenhouse effect 
[1]. Model studies confirm this suggestion but there is a strong dependence on management 
practice which can invert the results [2]. In the framework of the Interreg IIIa project 
“Impacts of climate change on vegetation in the Upper Rhine Valley”, in-situ measurements 
in three different types of vegetation (maize, wheat and pine) are carried out to investigate this 
problem in more detail. 
This contribution presents estimates of net ecosystem exchange (NEE) of a maize canopy on 
different time scales (daily, growth stage and annual).  
The results are derived from almost two years of continuous measurements in a flat, rain fed 
maize field in a small-patched agricultural environment near Basel, Switzerland. Due to the 
limited field size of 210 m x 320 m and the growing vegetation, different measurement 
heights for the fast sensors (Campbell CSAT3, Licor 7500) are necessary to optimize the fetch 
conditions. A footprint analysis [3] shows that under unstable conditions most of the fluxes 
are from the maize field. Under stable conditions, however, a considerable amount of the 
source area is located outside the maize field.  
A well known problem is the gap filling, be it for instrumental failure or insufficient 
turbulence. It is important to determine the environmental and biophysical driving forces 
because they allow a parameterization of NEE to replace missing data [4, 5]. During daytime 
the key environmental factor is photosynthetic active radiation (PPFD) [5]. Including the 
effect of changing biomass with different vegetation height classes the correlation with PPFD 
gives good results. Under low turbulence conditions the CO2-flux is modelled, based upon its 
dependence on soil temperature [6]. These situations are detected by the use of a threshold 
value for the friction velocity which acts as an indicator of turbulent exchange [5, 7]. Here, 
growth stage has no significant influence. The field lays fallow from the harvest in October 
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until the new sowing in April. During this period respiration depends mainly on soil 
temperature and takes part even at low temperatures. Generally, soil moisture has only minor 
effect on CO2-exchange. 
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A meteorological distribution system for high resolution terrestrial 
modeling (micromet) 
Glen E. Liston, Lixin Lu 
Colorado State University, U.S.A. 
liston@atmos.colostate.edu 
An intermediate-complexity, quasi-physically-based, meteorological model (MicroMet; [1]) 
has been developed to produce high-resolution (e.g., 30-m to 1-km horizontal grid increment) 
atmospheric forcings required to run spatially distributed terrestrial models over a wide 
variety of landscapes. The following eight variables, required to run most terrestrial models, 
are distributed: air temperature, relative humidity, wind speed, wind direction, incoming solar 
radiation, incoming longwave radiation, surface pressure, and precipitation. To produce these 
distributions, MicroMet assumes at least one value of each of the following meteorological 
variables are available for each time step, somewhere within, or near, the simulation domain: 
air temperature, relative humidity, wind speed, wind direction, and precipitation. These 
variables are collected at most meteorological stations. For the incoming solar and longwave 
radiation, and surface pressure, MicroMet can either use its sub-models to generate these 
fields, or it can create the distributions from observations as part of a data assimilation 
procedure. MicroMet includes a preprocessor component that analyzes meteorological data, 
then identifies and corrects potential deficiencies. Since providing temporally and spatially 
continuous atmospheric forcing data for terrestrial models is a core objective of MicroMet, 
the preprocessor also fills in any missing data segments with realistic values. Data filling is 
achieved by employing a variety of procedures, including an AutoRegressive Integrated 
Moving Average calculation for diurnally varying variables (e.g., air temperature). To create 
the distributed atmospheric fields, spatial interpolations are performed using the Barnes 
objective analysis scheme, and subsequent corrections are made to the interpolated fields 
using known temperature-elevation, wind-topography, humidity-cloudiness, and radiation-
cloud-topography relationships. 
The development of a model designed to take available, relatively coarse-resolution 
atmospheric datasets (e.g., meteorological station observations and/or atmospheric analyses), 
and convert them, in physically realistic ways, to high-resolution forcing data, is expected to 
lay the groundwork for substantial improvements to existing hydrologic and ecologic models. 
This need is particularly acute in regions where topographic variations lead to substantial 
variations in winter snow precipitation, snow-depth distribution, spring snowmelt, spring and 
summer runoff rates, evaporation, transpiration, and the wide range of associated energy and 
moisture fluxes.  
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The long-term field experiment on aridification and the ordered human 
activity in semi-arid area Tongyu, Northeast China 
Liu Huizh i(1), Tu Gang (2), Dong Wenjie (3), Fu Congbin (2) and Shi Liqing (1) 
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A brief introduction has been give about the long-term field experiment on aridification and 
the ordered human activity in the semi-arid area at Tongyu(N44º25’, E122º52’, 184m a.s.l.), 
Northeast China. This observation station is also one of the reference sites of Coordinate 
Enhanced Observation Period (CEOP). Based on more than one year (Oct., 2002 ~ Dec., 
2003) of the observation over the degraded grassland and the cropland surface, the seasonal 
and diurnal variations of the exchange of the water vapor and CO2 have been investigated. 
According to the soil volumetric water content in the surface soil layer, the wet and dry 
seasons in one year observation are very distinct during the semi-arid area. So we divided the 
annual cycle observation into the two seasons. The wet season is from the beginning of May 
to the end of Sept., while the other is the dry season. The main results are in the following. 
1) The rainfall was strongly influenced by the land cover in the semiarid area and had strong 
heterogeneity in the wet season, especially during the convective weather system in summer. 
2) The latent heat flux is larger over the cropland surface than that over degraded land surface 
in the growing season, while in the dry season their difference is very few. The sensible heat 
flux is the main part of the available energy except that in the dry season in the semi-arid area. 
In the wet season the latent heat flux has the same order with the sensible heat flux. The 
albedo over the cropland surface is less than that over the degraded grassland surface in the 
wet season, while there is no distinct difference over the two land surfaces in the dry season. 
The net radiation flux has seasonal variation, while in winter is less than the half of that in 
summer. The soil heat flux at the ground surface over the cropland surface is smaller than that 
over the degraded grassland surface in the wet season. The available energy over the cropland 
surface is larger than that over the degraded grassland surface in the wet season, while in the 
dry season there is very little difference. 
3) The soil volumetric water content is less than 15% in the surface layer (0-20 cm) in the dry 
season. In the wet season (growing season) the soil volumetric water content has a good 
correlation with the rainfall. The soil volumetric water content has a rapid increase during the 
soil thawing period (from March to April).  
4) The CO2 flux is less than 0.2 mg m-2s-1 over two ecosystems except the growing season. 
During the growing season, the carbon dioxide flux over the cropland ecosystem is a little 
larger than that over the degraded grassland ecosystem. 
[1]Bosilovich, M. G., and R. lawford, 2002,Coordinated Enhanced Observation Period(CEOP) 

international workshop, Bulltin of Amer. Meteorol. Soc., 83(10), 1495-1499. 
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Fig 1.The daily total rainfall over two stations from Oct. 2002 to Dec., 2003. 
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Fig 2.The monthly-average diurnal variation of the energy budget in the surface over the cropland  

Particle fluxes measured by eddy covariance above and within a downtown 
urban canopy 
Ian D. Longley, Martin W. Gallagher 
University of Manchester, UK 
ian.longley@manchester.ac.uk 
Vertical turbulent particle number fluxes have been measured at a height of 90 m in the centre 
of the city of Manchester, UK for a period of 6 weeks in summer 2005. A CPC flux system 
was deployed based upon a TSI 3010, as previously deployed above the city of Edinburgh [1]. 
The sonic anemometer (Gill Instruments Inc) and particle inlet were situated atop a slender 
mast mounted upon the roof of one of Manchester’s tallest buildings. 
Simultaneously, particle fluxes were also measured on the rooftop of a six-floor building 
overlooking a street canyon containing one of Manchester’s most congested traffic routes, less 
than 1 km from the tower site and frequently upwind of the tower. At this site an OPC 
providing particle counts in the range 0.1 – 3.0 µm was deployed, as previously deployed 
within a street canyon in Manchester [2]. Furthermore, ultrafine particle number 
concentrations were measured at street level at a third nearby site. 
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Initial analysis indicates that the particle number fluxes at the tower site exhibit a clear diurnal 
cycle that is closely related to the diurnal sensible heat flux cycle, a similar result to that in 
Edinburgh [1]. There was some dependence of flux upon wind direction – whether this is due 
to inhomogeneities in upwind sources of particles or turbulence, roughness or the effect of the 
tower itself is under investigation. This paper will compare these fluxes with those measured 
at the lower site with the aim of relating canopy fluxes and street-level concentrations to 
meteorological parameters and traffic levels, as well as examining those conditions in which 
flux divergence was occurring between the two levels. 
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Turbulent statistics and spectra over forest with non-uniform fetch 
conditions 
I. Mammarella(1)(2) and N.O. Jensen(3) 
(1) Finnish Meteorological Institute, Helsinki, Finland 
(2) University of Helsinki, Finland 
(3) Risø National Laboratory, Denmark 
e-mail:ivan.mammarella@helsinki.fi 
Turbulent fluxes are the main mechanisms responsible of the exchange of energy, water 
vapour, trace gases (like carbon dioxide (CO2)) and aerosol particles between vegetated land 
surfaces and atmosphere. The horizontal homogeneity and the steady state conditions of 
turbulent flow allow the use of the Monin-Obukhov Similarity Theory (MOST) to describe 
the surface layer structure. But, in the real cases, the non-homogeneity condition is the more 
frequent situation, and the flow dynamics is directly influenced. A classical example of 
heterogeneity is a variation in surface boundary conditions, like roughness, surface 
temperature, leaf area index (LAI) and surface humidity. When boundary layers are advected 
over a surface with different conditions, equilibrium with the underlying surface is perturbed. 
The aim of this work is to discuss some aspects of the problem of inhomogeneous turbulent 
flows above a forest. 
The influence of an internal boundary layer (IBL) and a roughness sublayer (RSL) on  
similarity functions has been considered too little [1]. Moreover the quantity of experimental 
observations available and published is very scarce. 
Analysis of new turbulence data measured in a typical area for the subarctic Northern Finland 
with Scots pine forests has been made. Tower-based turbulence measurements were collected 
above a forest (hc=15 m) at Sodankyla Meteorological Observatory (Finnish Lapland). High-
frequency wind velocity components and sonic temperature are measured using three-
dimensional sonic anemometers at three levels (22, 25 and 47 m). The experimental site is 
rather flat both at small and large scale, so that, in first approximation the effect of topography 
on flow statistics can be neglected. Therefore the landscape is strongly heterogeneous, and the 
fetch conditions change for different direction ranges. Vertical profiles of mean wind velocity 
and turbulent statistics were calculated. The vertical profiles are wind direction dependent, 
showing different characteristics determined by the combined effect of density and fetch 
length of the canopy. In particular the profiles of dimensionless wind shear have been 
calculated for the short fetch and the long fetch sectors. Following [1], we can write: 

 IBLRSLmm φφφφ ⋅⋅=∗  (1) 
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where the left-hand term is the measured dimensionless wind shear, while in the right-hand 
term the RSL and IBL correction functions are added to the stability correction function. 
For neutral condition, the long fetch profiles show values smaller than one in the lower part, 
evidencing the RSL effect on the dimensionless wind shear. For the short fetch sector, the 

RSL is not yet in equilibrium and the ∗
mφ  values are a bit larger than one. Above z ≈ 2hc, the 

RSL correction function can be neglected, and the values larger than one suggest that the flow 
is in the transition sub-layer. 
Here the short fetch profiles show a maximum, corresponding approximately to the matching 
point between the upstream and downstream wind velocity profiles, in the framework of the  
linear model, proposed by [4]. Then, we used this model to estimate the maximum value of 

IBLφ as a function of downstream distance xi/z02 and roughness lengths ratio M. The 
comparison with the measured data is seen to be rather good. 
Finally, we calculated for selected sectors the velocity spectra, which show spectral peak 
shifted to smaller scales, as a response for adjustment to the new rough surface ([2], [5] and 
[3]). 
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Improving representation of light interception and photosynthetic uptake in 
a GCM land surface model 
Mercado, Lina M, Gash, John .H.C., Cox, Peter M., and Huntingford, Chris.  
Centre for Ecology and Hydrology, UK 
lmme@ceh.ac.uk 
Despite enormous progress over the past 20 years, General Circulation Models (GCMs) still 
require a more realistic representation of physical and physiological processes. Accurate 
prediction of changes to the global carbon and hydrological cycles is critically dependent on 
good estimates of CO2 and H20 exchange at the land surface. These exchanges are highly 
dependent on the environmental and physiological controls affecting stomatal opening, 
controls which include canopy structure, plant hydraulic architecture and the canopy physical 
environment [1]. The canopy radiation environment defines the vertical profiles of 
temperature, humidity and photosynthetic capacity, which together influence plant gas 
exchange. Good representation of radiation penetration through canopies should consequently 
lead to better representation of carbon and water exchange within models [1]. Diffuse and 
direct radiation, and the division of photosynthetic capacity between sunlit and shaded leaves, 
may require separate treatment.  
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Here, we present an improved description of light interception and photosynthetic uptake 
within a GCM land surface scheme. A new canopy radiation routine has been implemented 
and evaluated at a single grid cell within the Joint UK Land Environment Simulator (JULES), 
based on the land surface scheme of the Hadley Centre GCM. The new approach uses a “two-
stream” approximation to infer absorption of direct and diffuse radiation at different levels in 
the canopy. This approach has been recently tested [2] for a coniferous forest, although in the 
absence of data, they assumed a uniform vertical distribution of photosynthetic capacity. Here 
we implement the same radiation scheme at a tropical site in the Amazon rainforest. We also 
introduce the further improvement of a more realistic non-uniform vertical distribution of 
photosynthetic capacity, and variations of diffuse irradiance. The model is evaluated against 
direct measurements of vertical profiles of radiation 
through the canopy (using data from the ABRACOS 
project, see [3]) , and also carbon and energy fluxes 
from eddy correlation [4] and leaf carbon isotopic 
fractionation [5]. The use of leaf carbon isotopic ratio 
measurements helps constrain parameterization of 
stomatal conductance.  
The new formulation significantly improves modelled 
light interception, and consequently photosynthetic 
carbon uptake, compared to the standard “big leaf” 
approach used in the original JULES formulation (fig 
1). Comparisons of simulated light interception 
through the canopy against measured vertical profiles 
of light at the studied site are satisfactory. Leaf 
inclination within the rainforest canopy is shown to be 
an important feature which must be represented 
realistically in the model. In conclusion, we improved 
JULES using a ten layer approach for radiation 
interception and for photosynthetic uptake, with carbon 
uptake being much better than surface energy partition, 
the later still being simulated as a big leaf. 
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Fig 1. Light response of GPP. Dots 
correspond to half hour data from 
eddy correlation.  
Lines correspond to GPP averaged 
over 100 W m-2 bins simulated by 
JULES under the big leaf approach 
(squares), simulated by JULES 
under a multilayer approach 
(asterisks) and estimated from eddy 
correlation (diamonds).  
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Dewfall measurement by the eddy covariance technique in a semiarid 
ecosystem of S.E. Spain 
M. José Moro (1), Ana Were (2), Luis Villagarcía (3), Yolanda Cantón (4), Francisco Domingo (2) 

(1) Department of Ecology, University of Alicante, E-03080 Alicante, Spain 
(2) Department of Desertification and Geoecology, Estación Experimental de Zonas Áridas (CSIC), 
General Segura 1, E-04001 Almería, Spain 
(3) Department of Ecology, University of Pablo Olavide, Sevilla, Spain 
(4) Department of Edaphology and Agricultural Chemistry, University of Almería, Spain 
mj.moro@ua.es 
Information regarding dew is scarce in the literature, probably because it is considered as a 
minor component of the water balance and also due to the difficulty of measuring it. Although 
yielding relatively low amounts of water, they might significantly influence local water 
balances in arid and semi-arid environments. Micrometeorological techniques such as Eddy 
Covariance (EC) allow measuring surface energy fluxes (e.g. Latent heat) over relatively 
extensive areas. During nigh time, measured negative values of latent heat can be attributed to 
dewfall. The utilisation of these techniques combined with other quantitative or qualitative 
methods (e.g. wetness sensors, WS) may constitute an alternative approach to dew 
quantification, although it has not been explored yet. The goal of this work is to make a 
preliminary evaluation of the adequacy of micrometeorological techniques (EC) combined 
with qualitative methods (WS) as tools to measure dewfall in semiarid conditions. The EC 
technique is based upon high frequency measurements of the wind vertical velocity (uz) and 
water vapour concentration. Unfortunately, values measured with EC are habitually unstable 
during time intervals of low wind speed. Nevertheless, this condition favours dew 
condensation. As a consequence, an undetermined number of short-time dewfall periods may 
not correspond to coherent λE values from EC. This fact can be verified when EC and WS are 
operating simultaneously and dew data registered by the wetness sensors did not correspond 
to λE negative values. This inconvenience produces incomplete databases of dew values. But 
filtered databases obtained by combining the data from WS and EC, together with 
micrometeorological information, can be used to develop and parameterize theoretical or 
empirical dew deposition models that may be used to fill gaps in the data base or to use them 
for predictive purposes. 

Data base management and filtering 
For the data selection process for subsequent analysis we followed these sequential steps: 
Firstly, values corresponding to any anomalous operation of the instruments (sonic 
anemometer and Kripton hygrometer) were discharged. Secondly, the standard filtering 
protocol was applied to the Eddy Covariance data base to asses the quality of the 
measurements of latent and heat fluxes [1]. Periods with rainfall were eliminated. From the 
resulting data base, we selected those periods with negative λE values and simultaneous 
presence of wet conditions detected by the Wetness Sensors (WS) and applied an empirical 
model to this subset of data to calculate dewfall. Thereafter, comparisons were made between 
the measured and modelled data.  
Application of the Penman-Monteith equation for estimating dew deposition 
In this study we have applied the single-source Penman-Monteith evaporation model [2] 
simplified for water vapour condensation: 
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If the atmosphere is completely saturated (i.e. eδ = 0) or wind speed is sufficiently low (i.e. ag  
= 0), the Penman-Monteith equation can be rearranged as 
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which gives the potential dew. Eq (1) predicts presence of dewfall for 75% of the dew records 
measured by the WS. No significant relationship was found between the negative λE 
measured by EC and λE calculated with eq (1) at a high-resolution temporal scale (30’). 
Moreover, points were largely scattered around the 1:1 line. The model did not clearly 
differentiate between data sets at different wind speed, probably because the range of wind 
speed for the measurement period was not very long, ranging from 0.25-3 m s-1. However, 
cumulative potential dew (Fig 1a and 1b) was significantly correlated with λE as measured by 
EC. Daily potential dewfall amount provided an acceptable estimate for the actual dew 
amount. Moreover, measured and calculated potential dew were significantly correlated. (r2= 
0.64; p<0.001). The relationship improved when data were compared at a monthly basis: (r2 = 
0.98; p < 0.001) (Fig 2b), and data were closer to the 1:1 line. The agreement between 
potential and actual dew amounts suggests that dew condensation in the study area was driven 
mainly by the radiative balance and thus the advective term had a negligible relevance during 
the study period. The above mentioned relationships between potential and measured dewfall 
were applied to recalculate dewfall and to complete gaps in the database. Calculated 
cumulative dewfall was 13.2 mm throughout the study period representing about 12% of 
precipitation. Results show that an accurate filtering and management of data from Eddy 
Covariance measurements combined with the records of the WS, allows generating a data 
base which can be used to develop and parameterize theoretical or empirical dew deposition 
models. 

Fig 1. Relationship between  measured and modelled modelled dew at daily (a) and monthly (b) scales  
using equation (1) for potential dew. The 1:1 line is also shown. 
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Correction of sonic anemometer angle of attack errors and its impact on the 
eddy flux measurements 
Nakai, Taro (1) , Van der Molen,  Michiel K. (2), Gash, John H.C. (3), Kodama, Yuji (4) 
(1) CREST, JST (Hokkaido University, Japan) 
(2) Vrije Universiteit, The Netherlands 
(3) Centre for Ecology and Hydrology, UK 
(4) Hokkaido University, Japan 
taro@pop.lowtem.hokudai.ac.jp 

An improved method of correcting for the angle of attack error resulting from the imperfect 
(co)sine response of ultrasonic anemometers is proposed (Nakai et al., 2006). If the angle of 

attack is calculated as the arctangent of the observed wind vectors, it will contain the angle of 
attack errors in the vectors themselves, and hence this angle is considered `false'. The `true' 

angle of attack should be calculated from the corrected or `true' wind vectors. Building on the 
previous work of van der Molen et al. (2004), we propose an improved method which gives a 
closer representation of their wind tunnel calibration data. The `true' angle of attack is derived 

by solving a nonlinear equation which connects the `false' angle of attack to the `true' one 
using the Steffensen method. Applying this method to the calibration of R2- and R3-type 

Solent ultrasonic anemometers (Gill Instruments, Lymington, UK), we improved the fit of the 
sine response function to the wind tunnel data. The function describing the cosine response, 

which was affected by the position of the ultrasonic transducers, was also improved. 
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Fig 1. Frequency of occurrence of the angle of attack outside the manufacturer’s recommended limit 
of ±20 degrees against atmospheric stability (20 August 2003). 

This correction method was applied to field data from two forests (Birch forest and Mixed 
forest, Moshiri, Hokkaido, Japan). The angles of attack at both sites frequently exceeded the 
manufacturer’s recommended limit of ±20 degrees (Fig. 1), with the frequency of occurrence 
of the angle of attack outside this limit depending on the atmospheric stability. It was large 
under unstable conditions and small under stable conditions. This frequency was also larger in 
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the rougher Mixed forest than in the smoother Birch forest. These results are consistent with 
the suggestion of Gash and Dolman (2003) that the potential for angle of attack errors is 
greater over rough surfaces. 
Application of the proposed method significantly increased the calculated eddy fluxes of 
sensible heat, latent heat and CO2 : by 5.8 ~ 8.8 % in Birch forest and 2.7 ~ 13.1 % in Mixed 
forest (Table 1). As a result, the energy balance closures were also improved (Table 2). These 
results indicate that a large portion of energy imbalance can be accounted for by the 
equipment-related cause — the ultrasonic anemometer angle of attack dependent error. 
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Table 1. The effect of (co)sine error correction on the output of energy and CO2 fluxes as the ratio of 
the corrected flux to the uncorrected one (September 2003).  
 Sensible heat  Latent heat CO2 (downward) CO2 (upward) 
Birch forest 1.088 1.068 1.067 1.058 
Mixed forest 1.131 1.105 1.108 1.027 

Table 2. Comparison of energy balance closure rate in Birch and Mixed forest between uncorrected 
and corrected for (co)sine error correction (September 2003). 
 Birch forest Mixed forest 
Uncorrected 89.8 % 94.4 % 
Corrected 96.8 % 105.5 % 

An assessment of “background” N2O exchange over grassland systems 
Albrecht Neftel (1) , Chris Flechard (1), Christof Ammann (1), Lukas Emmenegger (2), Kerstin  
Zeyer (2), Thomas Szegvary (3) and Franz Conen (3) 
(1) Agroscope FAL Reckenholz, Air Chemistry and Climate Group, CH -8046 Zürich, Switzerland 
(2) Empa, Laboratory for Air Pollution / Environmental Technology, CH – 8600 Dübendorf, 
Switzerland 
(3) University of Basel, Institute of Geoscience, CH -4000 Basel, Switzerland 
Albrecht.Neftel@fal.admin.ch 
It is notorious that N2O emissions from agricultural ecosystems are sporadic and have a high 
spatial variability. Most of the time fluxes are at or below the detection limit of the analytical 
system. Nevertheless this so called “background” flux is determining to a large extent yearly 
cumulated fluxes [1]. Direct and indirect evidence of uptake fluxes are reported in the 
literature [2-4] over a wide range of ecosystems and soil conditions. While consumption 
mechanisms are well understood for anaerobic conditions, a satisfactory explanation or 
description for dry and well aerated soil conditions is still missing. 
Most flux measurements available in the literature have been done with static chambers. They 
have an analytical detection limit in the order of a few ng N m-2s-1, but have principally the 
disadvantage to disturb the underlying soil. Over the last 10 years, with the development of 
fast and precise spectroscopic methods using tunable diode laser systems, N2O flux 
measurements at the field scale using the eddy correlation technique became possible, and 
measurements over longer time period have been published [5,6]. Such systems do have 
detection limits in the order of a few 10 ng N m-2s-1. 
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At our CarboEurope IP grassland field site in Oensingen, Switzerland, we carried out in 
August and September 2005 a measurement campaign to investigate small N2O  fluxes, 
ranging from an analysis of the below ground processes to the regional scale. Soil profiles 
were semi-continuously analysed with the Membrane Tube Technique [7] in conjunction with 
an INNOVA 1312 photoacoustic detector. Surface fluxes were measured with four automated 
chambers. At the field scale N2O  Eddy correlation flux measurements were made using a 
Quantum Cascade Laser system (QCL, Aerodyne)[8]. As a side product the QCL 
measurements yielded a continuous time series of the ambient concentration of N2O with a 
high precision. This time series was used to estimate mean regional fluxes for calm nights 
using the 222Rn tracer technique [9]. 
The combination of all these measurements allows a precise assessment of the background 
fluxes. The analysis of the soil N2O  profiles also points to the presence of consumption 
process in the soil that prevent most of the produced N2O  in the soil from ever reaching the  
atmosphere. 
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Establishing a global in-situ soil moisture network 
Peter J. van Oevelen (1) ,  Jackson, Thomas J. (2), Entakhabi, Dara (3), Robock, Alan (4) 
(1) International GEWEX Project Office, USA 
(2) USDA-ARS Hydrology and Remote Sensing Lab., Greenbelt, MD, USA 
(3) Massachusets Institute of Technology, USA 
(4) Rutgers University, New Jersey, USA 
Peter.vanOevelen@esa.int 
Soil moisture is more and more recognized by the international scientific community as a key 
variable in the description of hydrospheric processes (IGOS-P IGWCO 2004) and is 
recognized by the GCOS community as an emerging essential climatic variable (ECV)  
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(GCOS, 2004). The need for a monitoring system in the terrestrial domain to measure soil 
moisture is therefore of increasing importance. The monitoring from space borne systems will 
enable global coverage but to be of real value these data need to be validated properly over 
large domains and longer time spans. 
Currently no global network exists of in-situ soil moisture measurements and soil moisture is 
only routinely measured in certain basins and areas in the world. The most complete 
collection of in situ soil moisture measurements, mostly gravimetric, is in the Global Soil 
Moisture Data bank (GSMDB) (Robock et al., 2000) and data from this database are 
frequently used for model validation purposes.  The GSMDB data are retrospective in nature 
and new data come available with a time lag. Hence, these data are less usefull for validation 
purposes of new earth observation data. 
To establish a valuable global network the measurements needs to be congruent of nature to 
avoid cross calibration and data interpretation issues. Establishing and maintaining such a 
network needs considerable funding. Organisations that work in the area of hydrology and 
hydrometeorological measurements need to be aware of the importance and value of such 
measurements. 
Within this presentation an overview will be given of the rationale of the global in-situ 
measurement network, the envisaged measurement protocol and the funding opportunities and 
possibilities 
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Biogenic volatile organic compound (BVOC) emissions are important for atmospheric 
oxidation chemistry that involve the formation of ozone and organic aerosols [1].  Emissions 
from a given forest or ecosystem are highly dependent on vegetation type, as well as 
environmental variables.  Some BVOC are highly reactive and therefore, their lifetimes 
within the canopy can be shorter than the transport time into the atmosphere above.  
Measurements of BVOC can be grouped into ambient scale, above-canopy methods and those 
that incorporate individual plants, leaves, or branches within a canopy (enclosure techniques).  
Above canopy measurements require highly precise measurement techniques in order to 
determine variations and differences in ambient concentrations.  This can be problematic 
when trying to distinguish small changes in concentrations between updrafts and downdrafts 
and thus calculate actual fluxes.  Measurements on individual trees or plants are more 
sensitive in measuring shorter lived and low volatility compounds such as sesquiterpenes 
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(SQT).  In addition, these measurements also help to distinguish the various contributors to 
the ecosystem BVOC flux.  It has been proposed that there are more reactive BVOC in and 
below forest canopies than can be accounted for based on above canopy measurements of 
oxidation products [2].  Therefore, in order to capture these species, measurements at the 
branch or leaf level are necessary. 
In order to obtain valid emission data and to accurately scale up to the canopy and landscape 
levels from vegetation enclosures, a number of criteria must be met.  First, placing an 
enclosure around vegetation is a disturbance.  This effect must be minimized so that the 
environment surrounding the leaves simulates natural conditions as closely as possible.  
Second, many BVOC are highly reactive with respect to ozone, so in order to obtain accurate 
measurements, ozone mitigation techniques must be utilized [3].   Emissions change 
drastically between different hours of the day, so measurements must represent this diurnal 
variability.  Finally, it is important to estimate how much of the emissions can quantitatively 
be sampled and sampling losses must be estimated.  This can be achieved by introducing an 
internal standard. 
We have constructed a field deployable sampling system that analyzes two simultaneous air 
samples from a branch enclosure (see Figure 1).  A 0.05mm Teflon bag is placed around a 
branch and suspended so that it does not touch the vegetation.  Air that is scrubbed for 
ambient hydrocarbons as well as ozone is pumped through a water trap to minimize 
greenhouse heating as well as prevent water condensation on the inside of the bag.  A second 
set of pumps continuously flushes sampling tubing (Teflon) so that steady state conditions are 
maintained.  Samples are then pre-concentrated onto a pair of first stage adsorbent traps.    
Next, the analytes are re-focused onto a second pair of adsorbent traps which are cooled to -
10°C.  Both the first and second stage traps are constructed with materials such that they 
quantitatively trap analytes ranging from isoprene to sesquiterpenes (C5 to C15).  The 
analytes are injected onto one of two pairs of capillary chromatography columns from the 2nd 
stage traps.  Detection is achieved using two flame ionization detectors (FID) and a 
quadropole mass spectrometer. 
Two field studies were performed in 2005 using the techniques and instrumentation described 
above.  Tree species (representative of the majority of the overstory biomass) at the 
University of Michigan Biological Station (UMBS; Pellston, MI ; USA) and the Duke Forest 
FACTS-1 (Chapel Hill, North Carolina ; USA) were sampled.  Samples were taken over 2-3 
day periods per enclosure experiment to represent more than one diurnal cycle of light and 
temperature and also to obtain night time emission rates.  By combining biomass distribution 
data (vegetation species, leaf area index and specific leaf area) canopy fluxes of isoprene, 
monoterpenes and sesquiterpenes are estimated.  Since escape efficiency of isoprene is nearly 
unity [4], the scaling technique can directly compared with eddy covariance measurements of 
isoprene which have been taken at the UMBS site for several years [5].  This provides a 
means for evaluating the accuracy of the scaling technique.  We show that in addition to 
isoprene, monoterpene and sesquiterpene fluxes are significant at both locations.  SQT 
emission rates show higher temperature response (b-factor) than both isoprene and 
monoterpenes.  It was found that SQT emissions exceed monoterpene emissions at Duke 
during hot summer days and are estimated to have a significant contribution to secondary 
aerosol formation at this site [6].  Measuring at the branch level is of particular value for 
investigating recently reported discrepancies between leaf level reactive BVOC emission rates 
and above-canopy fluxes. 
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Figure 1:  Schematic of branch enclosure experiment and accompanying field gas chromatograph and 
mass spectrometer. 
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It is widely recognized that the aerodynamic (eddy flux) method of measuring surface 
exchange, that forms the basis of AmeriFlux and the Fluxnet, fails to reflect the correct night-
time respiration at forest sites under stably stratified atmospheric conditions [1].  A prime 
suspect for this discrepancy is drainage flows away from towers [2], which in complex terrain 
are predominantly located on high ground.  To correct this, it has become standard practice to 
abandon the aerodynamic results when a measure of turbulent mixing (usually the friction 
velocity, u*) falls below some threshold and to replace the aerodynamic measurements by a 
biological model.  If this correction is not applied, most flux sites, even in gentle topography, 
record unacceptably high net-ecosystem exchange values as night-time respiration is under-
counted while daytime assimilation is not. There are serious objections to this approach as an 
acceptable long term fix for the night-time problem.  At some sites almost all night-time 
results must be discarded.  Even at towers where the correction is required less frequently, the 
reliability of the aerodynamic approach and its value as a constraint on biological assays and 
large-scale inversions is severely compromised. 
Several international research teams are currently addressing the problem of advection and 
nighttime drainage flows.  The NCAR Program at Niwot Ridge, Colorado (Airborne Carbon 
in the Mountains Experiment, http://swiki.ucar.edu/acme and the Carbon in the Mountains 
Experiment, http://www.atd.ucar.edu/rtf/projects/cme04/) is making detailed field 
measurements in conjunction with the University of Colorado AmeriFlux program.  A 
European Union funded Carbo-Euroflux Program involving teams from Belgium, Italy, 
Holland, Finland and Sweden is also measuring carbon fluxes in complex terrain.  And, a 
Natural Environment Research Council (NERC), UK funded project that involves researchers 
from the Universities of Edinburgh and Oxford, in the UK and from CSIRO, Australia plans 
to use a combination of field measurement, wind tunnel modeling and analytic theory to 
understand carbon exchange in complex environments. This suite of approaches is unlikely to 
constrain the problem sufficiently to allow us to build models suitable for routine site analysis 
and ultimately data assimilation with confidence.  This is because: 1) the expense of field 
measurement together with natural site variability means that the turbulent flow field is never 
completely determined in advective field studies, 2) wind tunnel experiments can access only 
a small part of the parameter space of interest, and 3) analytic models, while physically 
revealing, use simplified turbulence parameterizations. 
We attempt to supplement these approaches by extending our canopy-resolving large-eddy 
simulation (LES) code, which has demonstrated high skill in simulating three-dimensional 
canopy-resolving turbulent flows in neutral and convective conditions [3,4,5] and even with 
chemical reaction [6], to modestly complex terrain. The LES code has recently been adapted 
to a curvilinear coordinate system [7] allowing investigation of two-dimensional hilly terrain. 
These simulations fill in blank areas of the parameter space and provide a basis for guiding 
and testing parameterizations in simpler closure models suitable for routine application at 
complex sites. Furthermore, the turbulence resolving capability of LES allows for natural 
extension to reactive non-CO2 greenhouse gases such as NOx and precursors to biogenic 
aerosols, whose importance in climate feedback is increasingly being recognized. 
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Comparisons with wind tunnel simulations will provide support for the numerical simulations.  
The interplay between pressure drag induced by the hill and that by the vegetation will be 
discussed.  Example results presenting laterally- and time-averaged streamwise velocity and 
velocity standard deviation from flow over canopy covered hills is can be seen in Figs 1 and 
2. 
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Fig 1. Normalized 
laterally- and time-
averaged streamwise 
velocity from an LES 
of turbulent flow 
over a two-
dimentional hill with 
a maximum slope of 
0.2.  Canopy is 20m 
tall with constant 
density, resolved by 
ten vertical grid 
points. 

Fig 2.  Normalized 
laterally- and time-
averaged profiles of 
streamwise velocity 
standard deviation for 
the same case as Fig. 
1 compared to wind 
tunnel measurements 
from [8]. 
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Terrestrial vegetation is an important component of the climate system. Vegetation, through 
its form and functioning, affects the exchange fluxes of energy and mass at the land surface 
and the overlying atmosphere.  It is unique in its ability to adapt to its climatic environment at 
the individual plant scale and through changes in ecosystem composition. This adds many 
degrees of freedom and flexibility to land surface; allowing the exchange fluxes of energy and 
mass to be partitioned in many different ways. This implies that the energy and mass balances 
simply act to constrain possible vegetation activity, but are insufficient to determine the full 
nature of land surface functioning and vegetation-climate interactions.   
We hypothesize that vegetation adapts optimally in such a way that it maximizes its 
productivity thereby leading to to a characteristic partitioning of energy and mass fluxes at the 
land surface. This approach stems from the principle of Maximum Entropy Production 
(MEP), which originates from the theory of statistical mechanics of non-equilibrium 
thermodynamic systems and has been fundamentally derived from information theory [1,2].  
The MEP principle states that the macroscopic steady state of a dissipative process given 
sufficient degrees of freedom is one at which the rate of entropy production is maximized.  
Previous studies [3,4] have applied the MEP principle to vegetation activity and demonstrated 
that a maximization of photosynthetic activity, or gross primary productivity (GPP), leads to a 
maximization in entropy production.  
In this study, we apply the concept of optimal adaptation to the parameterization of several 
vegetation properties in a coupled dynamic vegetation-climate system model [5,6], 
specifically maximum stomatal conductance, root-shoot partitioning, and canopy roughness.  
Optimal values for these parameters at which productivity is maximized should exist because 
all of these vegetation properties affect the relative availability of incoming light versus water 
and carbon required for photosynthesis. As a first step, we confirm the existence of optimal 
values for productivity and determine the limits for optimization using sensitivity simulations. 
For these simulations, we vary the values of a single parameter uniformly across all grid cells 
while maintaining the the other parameter values consistent with the model’s control 
simulation for present day conditions. Next, we optimize one parameter at a time, again 
maintaining the other parameter values consistent with the model’s control simulation. We 
maximize simulated productivity by iteratively optimizing the parameter values at each grid 
cell using the Golden Section Search algorithm [7].   
We compare the partitioning of the land surface fluxes from the simulated climates with 
optimized vegetation parameters to the NCAR/NCEP and ECMWF climate reanalysis 
products [8,9] at the biome scale.  In order to derive biome regions, we run the BIOME 
classification model [10] with the simulated control climate and the climate reanalysis 
products. Then, we average the surface fluxes from the simulated climates with the optimized 
vegetation parameters and the climate reanalysis products over the the different biomes. With 
this comparison, we are able to evaluate the extent to which this optimization approach is 
useful in understanding the nature of land surface functioning in the climate system. 
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Methane (CH4) and nitrous oxide (N2O) are powerful greenhouse gases (GHG) and account 
for 20% and 6% of the anthropogenic radiative forcing of all greenhouse gases (1). Soils are 
the major sources of N2O to the atmosphere while they may act both as sources and sinks for 
CH4. Boreal forest region is the largest forested region in the world and covers approximately 
11% of the total land area (2). The studies available on CH4 and N2O fluxes from boreal 
upland forests and forested peatlands indicate large variation between net sources and sinks 
(3-5). The aim of this study was to quantify N2O and CH4 fluxes from three boreal pine 
forests with distinctively different management history.  
The fluxes of CH4 and N2O were measured with the closed chamber technique in three Scots 
pine forests in south-western Finland: an upland forest in Hyytiälä (61° 51'N, 24° 17'E), an 
afforested peatland with agricultural history, and a forestry-drained Sphagnum fuscum pine 
bog in Alkkia (62°12'N, 22°42'E). During the snow-covered period the fluxes in all the sites 
were measured using the snow gradient method (6). 
The upland forest and the afforested cropland were CH4 sinks whereas the drained S. fuscum 
pine bog was a small source of CH4. The mean CH4 fluxes over one year period were -71, 12 
and -11 µg CH4 m-2 h-1 in the upland forest, forestry-drained S. fuscum pine bog and 
afforested cropland, respectively. All the sites were sources of N2O, however, the source 
strength varied greatly. The mean N2O emissions were 0.3, 1.2 and 96 µg N2O-N m-2 h-1 from 
the upland forest, forestry-drained S. fuscum pine bog and afforested cropland, respectively. 
The emissions from the afforested cropland peaked at 1100 µg N2O-N m-2 h-1 in the spring 
after the snow melt. 
The sum of CH4 and N2O fluxes expressed as CO2-equivalents, calculated using the global 
warming potentials with 100-year time horizon (GWP100, 1), was slightly negative for the 
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upland forest and positive for the forestry-drained S. fuscum pine bog and the afforested 
cropland (Table 1). When taking into account also the CO2 fluxes measured at the sites by 
eddy covariance technique, the upland forest was found to be a significant sink of GHGs, 
whereas the afforested cropland was a significant source. 
Table 1. Mean annual N2O and CH4 fluxes and Global Warming Potentials calculated as 100-year 
time horizon (GWP100). 

 
Mean flux  
[µg m-2 h-1] 

GWP100 CO2-eq.  
[mg m-2 h-1] CO2 flux 

site N2O CH4 N2O CH4 N2O+CH4 [mg CO2 m-2
 h-1] 

Upland forest 0.5 -71 0.2 -1.5 -1.3 -81a 
S. fuscum pine bog 2 12 0.6 0.3 0.9 n.a. 
Afforested cropland 153 -11 47 -0.2 47 5.7 

aSource: T. Suni et al. 2003 
n.a., Not available 
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Comparison of soil CO2 effluxes determined with an automated  chamber 
and soil air CO2 concentration profiles 
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and Pertti Hari (1) 
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INTRODUCTION 
Soil CO2 efflux is usually monitored by various chamber methods. However, soil chambers 
have been shown to disturb the natural soil CO2 concentration gradient [1]. They may also 
change the environmental conditions in the soil, which in turn may affect the biological 
processes underlying soil CO2 efflux. The CO2 concentration in the soil is higher than that in 
the atmosphere resulting in a CO2 efflux out of the soil. Thus, the soil CO2 efflux and the 
respiratory activity of individual soil layers can be calculated directly from concentration 
gradients. In this study, we compared CO2 effluxes determined from automated concentration 
gradient measurements to those measured by automated soil respiration chambers. 

MATERIALS AND METHODS 
All measurements were carried out at SMEAR II station (Station for Measuring Forest 
Ecosystem-Atmosphere Relations) in a 45 year-old boreal coniferous forest stand in Southern 
Finland. Soil CO2 concentrations in the soil profile were monitored by Vaisala GMP343 
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probes (Vaisala Oyj., Vantaa, Finland) installed permanently in the mineral soil at 0, 12, and 
22 cm depths and on the humus layer. The GMP343 probe (55 mm in diameter and 194 mm 
in length) was covered with a cap made of sintered PTFE enabling gas exchange between the 
soil and the probe and protecting the probe from water. Soil temperature and soil water 
content were recorded at respective depths at hourly intervals. Soil CO2 efflux was also 
monitored at hourly intervals with automated open dynamic chamber system [2]. 
Soil CO2 efflux was calculated with a dynamic model [3] where soil is described as a layered 
structure, which is divided into distinct horizons. The CO2 movement between layers and 
from the soil to the atmosphere is mediated by diffusion, which is dependent on the total 
porosity of subsequent soil layers, soil water content, the distance and the concentration 
gradient between the layers. The diffusion coefficient of CO2 in a soil layer is a fraction of the 
diffusion coefficient of CO2 in air according to a model developed by Troeh et al. [4]. The 
diffusion coefficient in soil was dependent on the air filled porosity of soil and temperature 
according to a model by Glinski and Stepniewski [5]. For the temperature response we used a 
non-linear empirical function.  

RESULTS AND DISCUSSION 
There was a vertical gradient in the CO2 concentrations of the soil air, the concentrations 
being highest in the deepest soil horizons and following the diurnal temperature pattern of the 
soil temperature. Based on the CO2 concentrations, most of the CO2 efflux was originating 
from the humus and the first 
mineral soil horizon, A-horizon, 
probably because most of the 
readily decomposable organic 
matter and fine roots were 
concentrated in the surface horizons 
of the soil. The CO2 efflux 
determined from the concentration 
gradients was in good agreement 
with the CO2 efflux measured by 
the chamber method. The gradient 
based efflux was very sensitive to 
the fluctuation in the ambient CO2 
concentration just above the soil 
surface due to the nature of the flux 
calculation. Thus, accurate 
concentration measurements are the 
presupposition for correct flux 
estimates. The spatial variation in 
soil CO2 concentration, soil 
porosity, roots and stones may also 
affect the CO2 efflux just like in the 
chamber measurements. One great 
advantage of the gradient method is 
that it provides a good opportunity 
for studying the processes 
underlying soil CO2 efflux without 
disturbing the processes involved. 
As soon as the system has been 
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Figure 1. (a) Hourly values of soil CO2 efflux 
measured by automated chambers on the soil surface 
and determined from CO2 concentration profiles and 
(b) CO2 concentrations in the air 15 cm above the 
soil surface and at different depths in the soil. 
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stabilized after the installation, the measurement itself does not disturb the CO2 fluxes 
significantly. The CO2 gradient method has also good potential for wintertime measurements, 
because the difficulties related to installation of soil chambers on the snow pack can be 
avoided. 
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Current remote sensing based models of vegetation-atmosphere carbon exchange are complex 
and require a large number of input parameters not all of which can be determined directly 
from remote sensing. Models based entirely on remote sensing data would simplify the 
estimation of vegetation carbon fluxes and potentially reduce errors associated with 
estimation of ground based parameters. We examined the relationship between the enhanced 
vegetation index (EVI) from the MODIS satellite sensor and gross carbon flux measurements 
from 10 eddy covariance towers in a wide range of vegetation types across the contiguous 
United States of America (USA). There was a strong general relationship (r2 = 0.60) between 
EVI and gross flux when all the data were considered together. In fact, this correlation was as 
good as that between the MODIS GPP product and measured gross flux (r2 = 0.54), 
suggesting that EVI could be used as a simple alternative to more complex models.   
Using this relationship we estimated gross primary production (GPP) of the contiguous USA 
for 2001-2004, which included one La Nina year and three moderately El Nino years.  The 
product was a truly per-pixel GPP estimate (named E-GPP) in contrast to the pseudo-
continuous MOD17 - the standard MODIS GPP product.  We compared E-GPP with fine-
scale experimental GPP data and MOD17 estimates from three Bigfoot experimental sites, 
and also with MOD17 estimates from the whole contiguous USA for the above-mentioned 
four years.  For each of the ‘7 by 7’ km Bigfoot experimental sites, E-GPP was able to track 
the primary production activity during the green-up period while MOD17 failed to do so.  The 
E-GPP estimates during peak production season were similar to those from Bigfoot and 
MOD17 for most vegetation types except for the deciduous types, where it was lower.  
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Annual E-GPP of the Bigfoot sites compared well with Bigfoot experimental GPP (r = 0.71) 
and MOD17 (r = 0.78).  But for the contiguous USA for 2001-2004, annual E-GPP showed 
disagreement with MOD17 in both magnitude and seasonal trends for deciduous forests and 
grass lands. 
In this study we explored the reasons for this mismatch between E-GPP and MOD17 and also 
analyzed the uncertainties in the climatic influence on E-GPP across multiple spatial scales.  
Our results show that the E-GPP, based on a simple regression model, can work as a robust 
alternative to MOD17 for large-area annual GPP estimation.  Climatic influences were found 
to affect some ecosystems (such as grasslands and open shrub lands) more than others (such 
as deciduous forests).  We found that the relative advantages of E-GPP are that it is truly per-
pixel, solely dependent on remotely sensed data that is routinely available from NASA, easy 
to compute and has the potential of being used as an operational product. 

Exploring eddy covariance and scintillometer measurements in the Amazon 
rain forest 
Celso von Randow (1,2), Bart Kruijt (1), Bert Holtslag(2) 
(1) Alterra, The Netherlands 
(2) Wageningen University, The Netherlands 
celso.vonrandow@wur.nl 
The eddy covariance technique has been used to measure the energy and carbon fluxes in a 
rain forest area in Central Amazon (the so-called LBA K34 site, located about 60 km north of 
Manaus, Brazil) for several years now. However, just as in several other complex terrains all 
around the world, the flux measurements are still subject to large uncertainties, especially due 
to the heterogeneous aspect of the landscape in that region (terra firme plateau areas dissected 
by valleys with very wet soils). In the same location a large aperture scintillometer (LAS) was 
recently installed and the preliminary results of these measurements will be presented in this 
work. The scintillometer has the advantage of providing more reliable path averaged estimates 
over the undulating terrain and through conditions of intermittent turbulence, however its flux 
estimation have to rely on Monin-Obukhov Similarity Theory. We present here the first 
measurements using the scintillometer technique in the Amazon rain forest, analyzing also the 
applicability of the Monin-Obukhov similarity in that region. Combining with measurements 
of the eddy covariance system, we analyze which method is more reliable under different 
conditions in the area. 

A Bayesian inversion of a simple global terrestrial carbon cycle model using 
eddy covariance observations from multiple sites 
Daniel M. Ricciuto ,  Kenneth J. Davis  
Department of Meteorology, The Pennsylvania State University 
ricciuto@meteo.psu.edu 
Constraining uncertainty about the strength of the present and future global carbon sink is 
crucial for the development of sound carbon management policies.  Currently, coupled 
GCM/carbon cycle models do not agree on the strength or even the sign of global terrestrial 
carbon fluxes in the future [1].  However, these models are complex and have not been 
constrained by the large body of observations of CO2 concentrations and fluxes because of 
limitations on computation.  Recent attempts to assimilate observations into global terrestrial 
models generally have not included eddy covariance data, but instead have used transport 
models to map modelled fluxes to observed CO2 concentrations [2, 3], which generally have a 
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much larger footprint than eddy covariance measurements [4].  Other simple terrestrial 
ecosystem models have been forced with satellite greenness, radiation and climate reanalysis 
data to estimate interannual variability and determine controlling factors of net primary 
productivity [5] and soil respiration [6], but parametric uncertainty was not considered in 
these cases. 
Because eddy covariance towers have a small footprint of about 1 km2, net annual fluxes from 
a single site may not be representative of nearby areas.  Heterogeneity in stand age, vegetation 
type and soil properties results in widely varying annual fluxes, even over small areas with 
similar climate [7].  Despite this, there is growing evidence that these sites respond coherently 
to larger-scale climate variability, for example a reduction of net primary productivity in 
Europe in the summer of 2003 [8].  Therefore, there may be some utility of eddy covariance 
measurements to constrain region- or biome-averaged ecosystem parameters, especially with 
long-term data records in which the effects of interannual climate variability can be explored.   
Some success has been achieved in using data assimilation techniques to optimize parameters 
in terrestrial ecosystem models at single eddy covariance sites [9, 10, 11].  These studies used 
a Bayesian data assimilation technique called Markov Chain Monte Carlo (MCMC), which 
makes no assumptions about the shape of posterior parameter distributions.  This is important 
because the optimization of nonlinear models often results in non-normally distributed 
parameter distributions [2, 12].  These studies generally reproduced short-term variability but 
had difficulties reproducing interannual variability in the record.  Figure 1 demonstrates that 
Ricciuto et al. successfully reproduced seasonal variability in ecosystem respiration measured 
during the nighttime at the WLEF eddy covariance site using soil moisture and temperature as 
forcing in a simple model containing 5 parameters [10].  
The main objective of this study is to produce an independent estimate of climate-driven 
interannual variability of the global terrestrial carbon sink with a statistical estimate of 
uncertainty using the MCMC method.  We use eddy covariance sites in the FLUXNET flux 
tower network to represent a number of biomes, with between 1-4 sites per biome.  We 
employ adapted versions of the simple models used by Nemani [5] and Raich [6] to optimize 
parameters associated with net primary productivity (NPP) and ecosystem respiration, 
respectively for each biome.  Biome-wide parameter estimates of are then combined to 
produce globally aggregated terrestrial fluxes and uncertainties.  Although these diagnostic 
models cannot be used to make  

Figure 1: Comparison of modeled and observed fluxes during the 1997-2001 period in spring, 
summer and autumn for the ecosystem respiration model at the WLEF site (panels a,b,c respectively).  
Error bars indicate 95% confidence intervals of both the modeled and observed values.  A value of R2 
= 0.77 is significant at the 95% level assuming a Gaussian distribution of interannual variability. 
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predictions about the strength of the terrestrial carbon sink in the future, the estimates and 
uncertainties of terrestrial sink strength may be used to constrain prognostic models that do 
make predictions.   
Input data consists of NCEP reanalysis surface temperature, precipitation and radiation, as 
well as the MODIS FPAR (fraction of photosynthetically active radiation absorbed by the 
surface) product.  The respiration and NPP models are jointly constrained using daily 
averaged net ecosystem exchange (NEE) data from the eddy covariance sites.  When 
combined with estimates of ocean flux variability from the inversion-based result of 
Rodenbeck et al. [13], interannual variability of global terrestrial fluxes correlates with the 
pattern of anomalies in the CO2 growth rate, even though this variable is not assimilated into 
the model.  Thus we provide an observationally based estimate of the strength of the 
terrestrial carbon sink that, unlike inversion models, is independent of CO2 concentration 
observations. This estimate and associated uncertainty that can be used as a constraint in 
predictive models. 
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Measurements of methane emissions from a boreal wetland 
Janne Rinne(1), Terhi Riutta(2), Mari Pihlatie(1), Mika Aurela(3), Sami Haapanala(1), Juha-Pekka 
Tuovinen(3), Eeva-Stiina Tuittila(2), Tuomas Laurila(3), Jukka Laine(4) & Timo Vesala(1) 
(1) Department of Physical Sciences, University of Helsinki, Finland 
(2) Department of Forest Ecology, University of Helsinki, Finland 
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(4) Finnish Forest Research Institute, Parkano, Finland 
janne.rinne@helsinki.fi 
Wetlands are one of the main natural sources of methane into the atmosphere. Even though 
they generally are carbon sinks their greenhouse warming potential balance can be positive 
due to the high methane emissions. We have conducted measurements at a boreal wetland site 
using several techniques in order to quantify the annual methane emission from such an 
ecosystem. 
The measurement site, Siikaneva fen, is situated in Ruovesi in South-western Finland. 
Siikaneva is an open fen with vegetation of mostly Spaghnum mosses and sedges. The 
measurement site has an open fetch of about two hundred meters to northern and southern 
direction and several hundreds of meters to eastern and western directions. Methane emissions 
were measured by the eddy covariance and the static chamber techniques and occasionally 
also with snow profiles and relaxed eddy accumulation technique. 
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The eddy covariance flux measurement system consisted of a tunable diode laser (TDL) 
adsorption spectrometer (TGA-100, Campbell Scientific Inc.) and an acoustic anemometer 
(Metek). The acoustic anemometer was situated at the height of three meters, with the sample 
inlet of the the TDL situated just below. The ongoing eddy covariance measurements started 
in the end of February 2005. The static chamber measurements were carried out using 30 cm 
high 60 x 60 cm chamber on 18 permanent collars. Four gas samples were taken within 35 
minutes to be subsequently analyzed by GC-FID. The chamber measurements have been 
conducted weekly or bi-weekly during the growing seasons 2004 and 2005. 
In addition to methane fluxes, fluxes of carbon dioxide and water vapour as well as a set of 
meteorological and environmental parameters are measured continuously at the site. 
The methane emissions from Siikaneva measured by the eddy covariance technique are 
shown in Figure 1. In late winter, the general level of the flux was about 0.1-0.2 mg m-2 h-1. 
During this time the thickness of the frozen layer and ice was between 5 and 30 cm, with 
about 30 cm of snow on top. The spring pulse of the emission in April, while clearly 
detectable, was of minor importance for the total yearly methane emission from this wetland. 
The summer-time daily average methane emissions measured by the eddy covariance 
technique were around 4 mg m-2 h-1. The average summer-time methane emission measured 
by the chamber technique was 5 mg m-2 h-1 in the summer 2004 and 4 mg m-2 h-1 in the 
summer 2005. Cumulative methane emission from Siikaneva fen during the measurement 
period presented here was slightly above 10 g m-2, which has the greenhouse warming 
potential (GWP100) of about 200 CO2 equivivalent g m-2. Compared to the typical annual 
carbon dioxide balances of northern wetlands reported in the literature (1-5), the methane 
emission is a major contributor to the GWP100 balance of the ecosystem. In addition methane 
emission has to be taken into account in the carbon balance of the fen ecosystems. 

 
Fig 1. Methane flux measured above Siikaneva fen by the eddy covariance method. Solid grey line 
represents the half-an-hour flux values, whereas the black dots are daily averages. 
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Partitioning NEE into its component fluxes using model-data fusion: a 
study at Niwot Ridge, Colorado 
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(1) Center for Sustainability and the Global Environment, University of Wisconsin-Madison, Madison, 
Wisconsin, USA 
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Eddy covariance measurements of the net ecosystem exchange of CO2 (NEE) hold great 
promise for increasing our understanding of the controls over terrestrial carbon cycling. NEE, 
however, is the small difference between two large fluxes, gross primary productivity (GPP) 
and ecosystem respiration (RE). Understanding the controls over NEE, therefore, requires an 
accurate partitioning of NEE into these two gross fluxes. Ideally, RE would also be partitioned 
into autotrophic (RA) and heterotrophic (RH) respiration.  
In this study we perform such a flux partitioning using model-data fusion. We optimize the 
parameters of the SIPNET flux model using six years of continuous eddy covariance 
measurements from Niwot Ridge, a subalpine forest in the Colorado Rocky Mountains. 
SIPNET runs at a half-daily time step, and has two vegetation pools, a single aggregated soil 
carbon pool, and a soil moisture sub-model that models both evaporation and transpiration. 
We examine the optimal partitioning of NEE into GPP and RE (Figure 1), as well as the 
optimal partitioning of RE into RA and RH. The optimized model matches the observations 
well on diurnal, seasonal and interannual time scales. The partitioning of NEE into GPP and 
RE seems to be robust, but we are not able to achieve an accurate partitioning of RE into RA 
and RH. To achieve an accurate partitioning of NEE, we find it is necessary to retain the 
diurnal cycle of the observations, separately modeling daytime and nighttime fluxes. When 
the daytime and nighttime observations are averaged, the model predicts an erroneous diurnal 
cycle, and thus an erroneous partitioning of NEE into its component fluxes.  
A number of model-data fusion studies have found an advantage to using multiple constraints 
in the optimization. We hypothesized that including water vapor fluxes as well as CO2 fluxes 
in the optimization would improve the partitioning of NEE into GPP and RE, because water 
vapor fluxes constrain transpiration, which is strongly linked to GPP. We found, however, 
that the inclusion of this additional constraint did not have a significant effect on the model’s 
partitioning of NEE. 
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Figure 1: Optimized breakdown of NEE into its component fluxes, gross photosynthesis (GPP) and 
total ecosystem respiration (RE), using a model-data fusion technique that combines the SIPNET flux 
model with six years of continuous eddy covariance measurements. 

Scaling up of carbon exchange dynamics from AmeriFlux sites to a super-
region in Eastern North America 
Schmid, Hans Peter (1) , Katul, Gabriel (2), Oren, Ram (2), Post, William (3), Rahman, Faiz (4) 
(1) Indiana University, Bloomington, IN, USA 
(2) Duke University, Durham, NC, USA 
(3) Oak Ridge National Laboratory, Oak Ridge, TN, USA 
(4) Texas Tech University, Lubbock, TX, USA 
hschmid@indiana.edu 
We are presenting a strategy to use in-situ observations from about 40 long-term AmeriFlux 
sites in eastern North America to scale up carbon exchange dynamics to a large region of 
North America between ~28° and 50° N, and from ~90° W to the east coast. This region 
contains over 40 carbon flux measurement sites (mostly of the AmeriFlux network) in a 
variety of climatic and landuse settings, from upland forest, agricultural areas, to urban 
development. The core of the scaling strategy uses measured fluxes of CO2, energy, water, 
and other biophysical and biometric parameters to train and calibrate surface-vegetation-
atmosphere models, in conjunction with satellite derived drivers.  
It is a major problem of bottom-up scaling that in-situ flux observations are in general 
spatially limited and disparate.  Thus, to achieve valid regional exchange rates, models must 
be used to interpolate and extrapolate spatial domain covered by these observations.  
Observed and modeled fluxes can only be linked if they represent exchange over the same 
ecosystem.  Because most long-term flux stations are not situated in spatially extensive 
homogeneous locations, this requirement is often a problem, but can be satisfied by selecting 
observation periods whose flux footprints are statistically representative of the type of 
ecosystem identified in the model [1].  The flux footprint function indicates the time-varying 
surface “field-of-view” (or spatial sampling window) of an eddy-flux sensor, oriented mostly 
in upwind direction.  It is determined here by a Lagrangian particle dispersion model based on 
statistical turbulence theory [2], [3] and is dependent on measurement height, surface 
roughness, boundary layer height and measures of turbulence intensity (Figure 1).  For each 
observation period, the modeled flux footprint window is overlaid over a high resolution 
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vegetation index map (derived from Landsat or a better resolution platform), to determine a 
footprint-weighted vegetation index for which the observation is representative.  To achieve 
matching of measured and modeled fluxes, the ecosystem parameters of the models will be 
adjusted to those contained in the dynamically variable flux-tower footprints.  Calibrated 
models are used in conjunction with MODIS data [4], atmospheric re-analysis data, and 
digital land-cover databases to derive ecosystem exchange fluxes over the study domain. 
Meteorological conditions at canopy level and high temporal and spatial resolution are 
coupled to re-analysis data by a one-dimensional boundary-layer slab-model, which is also 
trained and calibrated against LIDAR data at select flux sites. 
To integrate across the large range of spatial scales (from 102 m for a site to several 106 m for 
the domain), and over time scales from hourly fluxes to annual net ecosystem exchange 
(NEE) we follow a multi-tiered and multi-scale nesting approach.  The models used to 
estimate NPP and NEE have disparate levels of aggregation in time, spatial resolution, and in 
their level of biophysical detail. At the shortest time scale and smallest spatial scale, a multi-
layer coupled radiative-ecophysiological turbulent transport model (CANVEG, [5]) is used to 
make the link to turbulent flux observations.  CANVEG results are integrated spatially to a 1 
km resolution and temporally over a month, to give the monthly net carbon uptake (or loss) of 
the ecosystem as an input to lower resolution ecosystem models (3PG [6] or PnET [7]) that 
can allocate the carbon uptake as biomass within the system (Figure 2).  These results feed in 
turn back into the transport model as updated vegetation stand properties. This scheme has the 
advantage that it can be run in prognostic mode as a fully coupled ecosystem-atmosphere 
model.  In our application this capability can be evaluated by updated satellite derived stand 
diagnostics. This scaling strategy provides estimates of regionally distributed values of 
carbon, water and energy exchange over various time periods. As an independent consistency 
check, the integrated evapotranspiration values can be linked to corresponding estimates from 
watershed balance considerations. 
To simulate a future prognostic mode of our strategy, meteorological variables to drive the 
models are derived from standard reanalysis fields. To address the problem of their low 
spatial resolution and unreliability of surface values, we use data from levels higher than 
about 200 mb above the surface elevation.  Canopy level temperatures and other fields are 
derived from these iteratively, by inversion with a mixed layer slab-model [8] and using local 
surface parameters. 
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Fig. 1.  Example of a three dimensional flux 
footprint function or source weight 
distribution. 

Fig.2.  Nesting of fast process and slow process 
models, and their meteorological drivers 
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Information on sugar and water circulation patterns of trees by diurnal 
diameter variation detection 
Sanna Sevanto (1), Teemu Hölttä (2), Anu Riikonen (3), Eero Nikinmaa (3), Teis N. Mikkelsen (4), 
William J. Munger (5), Steven C. Wofsy (5), Timo Vesala (2), N. Michele Holbrook (1) 
(1) Department of Organismic and Evolutionary Biology, Harvard University, USA 
(2) Department of Physical Sciences, University of Helsinki, Finland 
(3) Department of Forest Ecology, University of Helsinki, Finland 
(4) Plant Research Department, Risoe National Laboratory, Denmark 
(5) Department of Earth and Planetary Sciences, Harvard University, USA 
ssevanto@oeb.harvard.edu 
Tree stem diameter varies diurnally due to transpiration induced variations in water tension 
inside the stem [1,2]. The diameter is largest in the morning just before sunrise and smallest in 
the afternoon when transpiration is highest. When measured on the xylem only, diameter 
variations follow transpiration and sap flow pattern very thoroughly. Even the small 
variations in transpiration resulting from changes in irradiation levels (i.e. clouds passing by) 
are visible in the diameter [2]. When measured on the bark (phloem and bark tissue included) 
the pattern resembles that of the xylem, but is larger in amplitude and the small variations in 
transpiration are less pronounced [3].  
We have measured diurnal diameter variations both on the xylem and the whole stem using 
pen-like LVDTs (linear displacement transducer, Solartron AX/5.0/S; Solartron Inc., West 
Sussex, UK) during leaf fall in the autumn. The measurements were carried out on red maple 
(Acer rubrum L.) and paper birch (Betula papyrifera Marshall) at Harvard Forest 
(Massachusetts, USA), on beech (Fagus sylvatica L.) at Soroe Denmark and on alder (Alnus 
glutinosa L.) in Helsinki, Finland.  
Our results show that although transpiration from the leaves ends as they fall, the diurnal 
pattern in diameter does not cease (Fig 1). The amplitude decreases to 10-15% of that of 
summertime, but does not disappear totally. That means that there has to be a driving force for 
water movement other than transpiration. The amplitude of the on-bark measurement, about 
three times that of xylem in these species summertime, reduces to that of xylem or even 
smaller. Smaller amplitude measured on bark than on xylem means that the tissue between 
xylem and bark (phloem) has to swell diurnally (Fig. 2). 
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To interpret these results we have used a sap flow and sugar transport model [4] and 
simulated diameter variation patterns in the presence of different sugar loading and unloading 
patterns without transpiration. The preliminary results of the simulations show that with a 
certain sugar loading pattern we can reproduce the amplitudes and the swelling of phloem. 
Thus the diurnal diameter variation without transpiration is induced by water tensions created 
by sugar transport in the phloem i.e. so called Münch counter flow.  

References 
[1] J. Irvine and J. Grace, 1997, Planta 202, 455-461. 
[2] M. Perämäki, E. Nikinmaa, S. Sevanto, H. Ilvesniemi, E. Siivola, P. Hari and T. Vesala, 2001, 

Tree Physiology 21, 889-897. 
[3] S. Sevanto, T. Vesala, M. Perämäki and E. Nikinmaa, 2002, Plant, Cell and Environment 25, 

1071-1077. 
[4] T. Hölttä, T. Vesala, S. Sevanto, M. Perämäki and E. Nikinmaa, 2005, Tree Physiology (in  
 

Figures 
 

 
Fig 1. Daily amplitude of diurnal stem (phloem and bark included) and xylem diameter variation in 
autumn. Positive values indicate daily shrinkage. The vertical dotted lines mark the beginning and end 
of the period when leaves changed colour and fell (i.e. after the second line there were now leaves in 
the tree). Measurements for birch and maple were conducted in Massachusetts, USA and for beech in 
Soroe, Denmark. 
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Fig 2. A typical diurnal diameter variation pattern during leafless time in autumn (maple October 30, 
2004). The data is adjusted to begin at zero in the beginning of the day. 

 

A review of land surface processes over Sabarmati river basin  
(LASPEX-97) over Indian region 
Shekh A.M. (1), Rao P. Sanjeeva, Kumar Manoj and Pandey Vyas 
B.A. College of Agriculture, Anand Agricultural Univesrity, Anand-388 110 (INDIA) 
(1) Scientist F, ESS Division, Dept. of Science & Technology, New Delhi-110 016 (INDIA) 
Land surface processes (LSP) are those associated with the exchange of mass, momentum and 
energy between the land surface and the atmosphere. These processes have significant impact 
on climate variability at different time scales (Rao, 2001). Till recently land-surface-
atmosphere interactions were parameterized in GCMs by using simple schemes, which treated 
the processes of radiative transfer (albedo), momentum transfer (roughness length), and the 
surface hydrology (sensible and latent heat transfer) as independent and separable entities. 
These three are closely related to each other through characteristics of vegetation, soil, and 
land use at a given location which act as a trigger to the physical processes related to climate 
and its variation. Therefore it was felt that it was necessary to carry out special field 
experiments in areas representative of different types of land surfaces aimed to provide a data 
base such as surface and subsurface hydrology, soil, land surface and atmospheric parameters 
which are needed for testing and incorporate into the general circulation models.  
In order to study of these parameters in detail, the Department of Science and Technology 
(DST), Government of India, conducted a field experiment over Sabarmati river basin area 
lies under semi arid region of India 35 to 125 km apart from each other having relatively 
homogeneous uniform terrain lies between latitudes 22002’ to 23004’N and longitudes 72015’ 
to 73045’E with elevation ranging from 28 to 85m above mean sea level (Sastri et al, 2001).  

INSTRUMENTATION AND DATA COLLECTION 
For conducting the main experiment from January 1997 to February 1998, 10m towers were 
installed at all the stations along with one 30m tower at the central station, Anand. Different 
sensors to measure temperature, humidity, wind speed and direction have been installed at 
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1,2,4 and 8m height. Incoming and outgoing short wave and long wave radiation and net 
radiation sensors were instrumented at approximately 2m heights along with pressure and 
rainfall measuring systems. Soil temperature sensors were measured at the surface and the 
depths of 5,10,20,40 and 100cm. At Anand, all the three components of the wind were 
measured by the Sonic and Metek anemometer. At each station soil moisture by the 
Capacitance and Neutron probe at different depths and the rate of evaporation by 
evaporimeter were measured. Soil moisture measurement was also taken by gravimetric 
method (Shekh et al., 2001). Other than the tower instrumentation, at Anand, for the analysis 
of the thermodynamic diagram for convective instability and thunderstorm forecasting, 
inversion and lapse rate, mixing depths, etc., five RS/RW launches per day (at 0530, 0830, 
1130, 1430 and 1730 IST) during each Intensive Observational Period (IOP) were conducted 
by India Meteorological Department. For the study of diurnal variation of lower troposphere 
winds, and influence of troposphere on low level winds, IMD also conducted Pilot Balloon 
Observation five times daily at each peripheral station. A Doppler SODAR was operated for a 
limited period at central station Anand for the study of the all the three wind components at 
various heights starting from 45m above the surface to 1000m. Lyman-Alpha Hygrometer 
was also procured and observations were taken during February 1998.  
A complete surface and sub-surface atmospheric-hydrological data base against which 
parameterized models for land surface processes i.e., energy exchange, radiative, sensible and 
latent heat fluxes has been tested for improvement and further development. The result shows 
that the values of zo were higher under near neutral condition and varied from 0.03 to 0.6 cm 
during the study period. Under neutral condition the drag is significantly high at low winds 
and decreased linearly with increasing of wind speed.  Under unstable conditions (- 4.0  < Ri 
< - 1.0), Cd are not consistent and varied up to 0.003,0.008,0.03 and 0.01 during May, July, 
September and December respectively (Fig.1). Data obtained during the period was also 
verified by the AVHRR and LISS. Study on variation of momentum flux has also been 
discussed in the paper. 
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Fig. 1: Surface roughness lengths under near neutral condition at Anand 

 
Fig.2: Roughness length image derived from NOAA/AVHRR (February 26, 1997) for Anand and 
surroundings 

Dynamics of the carbon circulation in a high arctic ecosystem - comprising 
atmospheric, terrestrial, fluvial and marine components. 
Henrik Soegaard (1), Soren Rysgaard (2) Lotte Sørensen (3), Søren Larsen (3), Jørgen Bendtsen (4), 
Louse Grøndahl (4), Bo Elberling (1), Thomas Friborg (1), Ole John Nielsen (1) Leif Toudal (5) 
(1) University of Copenhagen, Denmark     
(2) Greenland Nature Institute, Nuuk, Greenland 
(3) Risoe National Laboratory, Denmark 
(4) Denmarks Environmental Research Institute, Roskilde, Denmark  
(5) Denmarks Technical University, Lyngby Denmark  
HS@geogr.ku.dk 
The High Arctic zone is considered one of the most vulnerable areas with respect to the 
impact of climate change. To be able to monitor the short - and long-term dynamics of the   
carbon budget a case study has been conducted at the Zackenberg research  station in NE 
Greenland (74.5 oN, 20.5 oW) and at its marine environment. Short-term dynamics have been 
examined using a suite of techniques including: Eddy covariance and boundary layer 
budgeting for measuring the CO2 exchange over selected vegetation types and the Arctic 
landscape as a whole.  Soil carbon storage and soil CO2 emission have been measured 
together with the fluvial transport of particulate organic carbon and dissolved carbon in river 
and streams. In the coastal and marine environment the atmospheric exchange and the carbon 
sedimentation has been monitored and finally the transcontinental depositions have been 
estimated.  The individual components of the carbon exchange is integrated using a cascade 
system approach   The results show that the high Arctic is an important carbon sink with peak 
CO2 uptake rates found in the wetlands during summer (-3 g C m-2 d-1) whereas on an annual 
basis the Greenlandic sea is a three times larger  carbon sink (42 gC m-2 yr-1). By closing the 
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carbon budget it is possible to estimate the accuracy of the carbon fluxes to be within an error 
limit of   ±10-20 %. 
The long term dynamics is addressed by combining the existing 10-year data record of both 
ground and satellite observations with simulations based on both global and local scale 
modelling. At the local scale it has been possible to model the CO2 exchange for the terrestrial 
ecosystem and the predicted temperature dependency [1] is found to be in encouraging 
agreement with the increasing trend in the fluxes observed over the last year with increasing 
temperatures. The long term dynamics in the carbon budget is examined based on a climate 
change scenario (IS92a) and model results from the coupled ECHAM4/OPYC3 climate 
model in the period 1860 – 2100. It is found that the integrated high arctic ecosystems for the 
coming years can be expected to function through a  feedback where higher temperatures will 
lead to larger carbon uptake. In the presentation it will be discussed to what extent the 
findings can be of general validity for the Arctic. 
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Using an instantaneous puff model to simulate advection of CO2 within a 
canopy during nocturnal drainage flows 
Tara Strand (1), Brian Lamb (1), Russ Monson (2), Andrew Turnipseed (3),  
Gene Allwine (1) 
(1) Washington State University, USA 
(2) University of Colorado, USA  
(3) NCAR-ACD, USA 
strand@mail.wsu.edu 

Vertical fluxes of CO2, and the eddy flux techniques used to quantify it, are influenced by 
large-scale bursts and sweeps, convection from the forest floor, and underlying gravity flows.  
Attempts to quantify CO2 uptake in forests using eddy covariance methods, relative to the 
global carbon budget, have been underway for several years and erroneous measurements can 
result when gravity flows are present [1].  Additionally, a high percentage of United State’s 
CO2 uptake takes place in mountainous terrain [2] where horizontal homogeneity does not 
exist. 
The Niwot Ridge, AmeriFlux site (Figure 1) is located on a broad slope, which leads to the 
development of nocturnal gravity flows.  As a result, horizontal homogeneity cannot be 
assumed and the horizontal advection terms in the net ecosystem exchange (NEE) budget 

must be addressed.  In order to 
estimate the amount of CO2 lost 
through horizontal advection, sulfur 
hexafluoride (SF6) tracer studies were 
conducted at the Niwot site.  These 
studies directly measured nocturnal 
scalar transport and dispersion and 
provided insight to the significance of 
scalar advection to measurements of 
NEE made in complex terrain.  The 
studies consisted of an SF6 point 
source release in 2001 and a line 
source release in 2002.  In both studies, 
vertical SF6 concentration profiles 
were measured alongside CO2 profiles 
at multiple distances downwind using 
an automated CO2 profiler system.  
During the line source release, pure 
SF6 was released steadily and 
continuously from a 200 m line source 

located 0.2 m above the forest floor 
and 50 m upslope (west) from the 
upslope (USGS) tower.  The line 
source was deployed crosswind to the 
nighttime drainage flow and tracer was 
released uniformly along the line.  

Fig 1. Topographic map for the Niwot site; the line 
source can be seen (left) and the stars represent the 
upslope (USGS) and downslope (CU) towers.  Five 
inlets, at various heights, are located on each of these 
towers and 2 inlets are located on each of the satellite 
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We used a simple canopy three-
dimensional Lagrangian instantaneous 
puff dispersion model to simulate scalar 
advection during nocturnal gravity 
flows.  For this study, we used SF6 and 
CO2 data from the 2002 line source 
deployment period to evaluate model 
performance.  The model includes a 
temperature dependant CO2 emission 
algorithm similar to the one presented 
by Jassal et al. [3].   
Simulated SF6 concentrations at the 
upslope tower are encouraging (Figure 
2).  The correlation coefficient between 
observed and simulated concentrations 
is 0.87 and the model simulates the 
vertical SF6 concentrations at all inlet 
locations within a factor of 2 sixty to 
eighty percent of the time.   
The overall goal of this work is to 
improve our understanding and ability 
to model the transport and dispersion of 
gases within a forest canopy and to 
simulate nocturnal CO2 transport in 
gravity flows at the Niwot Ridge, 
AmeriFlux site.  This model can be used 
to assist in the development of a complete carbon budget for complex terrain environments.  
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Soil respiration in a chronosequence of deciduous forests in the Great 
Lakes region of the United States 
Jianwu Tang, Paul V. Bolstad, Jonathan G. Martin 
Department of Forest Resources 
University of Minnesota 
1530 North Cleveland Avenue 
Saint Paul, MN 55108 
Chronosequence analysis of soil respiration during forest succession is important for the 
development of long-term dynamic soil carbon models, and for the assessment of carbon 
sequestration and carbon management. We measured soil respiration across sites with various 
forest types and age classes in the Great Lakes region of the United States in the growing 
seasons of 2004-2005. Our study sites included clear-cut, young aspen, intermediate aspen, 

Fig 2. Results from the simulated line source release 
during known nocturnal gravity flows.  A scatter plot 
of simulated and observed SF6 concentrations (for all 
inlet locations) for the upslope (USGS) tower. 
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mature northern hardwood, and old-growth hardwood stands, covering stand ages from 0 to 
350 years old. Monthly measurements of soil respiration with portable chambers were 
complemented by automated chambers for diurnal patterns. Soil temperature, moisture, soil 
carbon and nitrogen content, leaf area index, and tree diameters were also recorded at all sites 
as potential determinants of soil respiration. We found that soil temperature was the primary 
control for soil respiration at all sites. Baseline soil respiration (at 10°C), soil respiration 
sensitivity to temperature, and soil microclimate varied with stand age, resulting in the 
variation of soil respiration in the chronosequence of forest stands. Soil respiration was the 
highest in the recent clear-cut stands. Soil respiration increased from young stands to mature 
stands, and then declined in old-growth stands.  

Ecophysiological remote sensing of the land ecosystem-atmosphere water 
flux 
Kevin P Tu , Joshua B Fisher 
University of California, Berkeley 
kevintu@berkeley.edu 

Evapotranspiration is traditionally estimated based on thermodynamic considerations of the 
surface-atmosphere system that require explicit and precise characterization of physical 
numerous parameters that are difficult to determine at regional to global scales. We present an 
alternative to this physically based paradigm by considering the biological constraints on 
surface energy partitioning diagnosed using optical vegetation indices (VIs) and 
ecophysiological theory. Consistent with hypotheses of maximum evaporation (Wang et al. 
2004) and maximum entropy production (Kleidon 2004), available energy is partitioned 
between the canopy and soil based on the fractional vegetation cover derived from VIs and is 
dissipated by evaporation at the maximum possible rate for the given plant and soil conditions 
following the approach of Priestley and Taylor (1972). Plant physiological status is inferred 
from VIs combined with a temperature response function to capture changes in physiology 
that are independent of canopy biophysics (e.g., cold temperature inhibition in the winter, 
high temperature inhibition in the summer). Soil moisture limitations are inferred from 
atmospheric humidity deficits in a fashion consistent with the complementary relationship 
hypothesis (Bouchet 1963) in that drought is assumed to increase the sensible heat flux which 
in turn increases the humidity 
deficit of the overlying air. The 
optimal canopy temperature 
(Topt) is estimated as the 
highest temperature during the 
growing season when humidity 
deficits are low, when 
conditions are most favourable 
for stomatal conductance. 
The model was applied and 
evaluated at eight AmeriFlux 
sites spanning a range of 
vegetation and climatic 
conditions (Table 1). VIs 
including the NDVI, EVI, 
SAVI, and the recently 
proposed WDRVI (Gitelson Fig. 1. Comparison of predicted and observed LE. 
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2004) were calculated from MODIS surface reflectances at 1km spatial resolution and the 
only three required variables (radiation, temperature and humidity) were measured at the 
towers. Overall, the model explained 92% of the variability in 8-day means of the latent 
energy flux with a RMSE=14 W m-2 or 17% of the observed mean (Figure 1). Withrespect to 
annual ET, the model accounted for 89% of the variability with a RMSE=53 mm yr-1 or 16% 
of the observed mean. No explicit plant water stress function was used, supporting the notion 
that water stress is captured by VIs (Potter et al. 1993) or that it co-varies with temperature 
stress, or both. All VIs appeared to capture the magnitude and seasonality of physiological 
status except for NDVI which overestimated in evergreen needleleaf sites. Fractional 
vegetation cover was best indicated by NDVI. However, during the winter and early spring at 
evergreen sites with temperatures<0°C, it was necessary to restrict NDVI to the minimum 
value >0°C. In fact, all the VIs appeared too low during the winter and spring at sites with 
temperatures<0°C, perhaps due to the effect of snow or ice on surface reflectances. Routine 
application of the WDRVI is promising as it may be less susceptible than the other VIs to 
view angle/atmospheric effects (A. Gitelson, personal communication) and it appears that its 
one coefficient can be parameterized as the minimum growing season red-reflectance. Finally, 
some sites were not included in this analysis because it was believed that the 1km spatial 
resolution of the MODIS ASCII subset data was too large to accurately characterize the tower 
flux footprint. This problem highlights the importance of careful site selection when 
attempting to validate satellite methods.  
Table 1. Tower eddy covariance sites used in the model evaluation.  
Site Name Vegetation Type Latitude/Longitude Year Site PI 

NSA-OBS Boreal Evergreen Needleleaf 
Forest 55.879620/-98.480810 2001 S. Wofsy 

Niwot Ridge Subalpine Needleleaf Forest 40.032878/-105.546403 2000 R. Monson 

Howland Cold Temperate Evergreen 
Needleleaf Forest 45.204070 /-68.740278 2000 D. Holllinger 

Morgan Monroe Temperate Deciduous Forest 39.323150 /-86.413139 2001 H. Schmid 
Bondville Temperate Soybean Crop 40.006100 /-88.291867 2000 T. Meyers 
Bondville Temperate Maize Crop 40.006100 /-88.291867 2001 T. Meyers 
Tonzi Ranch Mediterranean Savanna 38.431600/-120.965983 2002 D. Baldocchi 
Tapajos 67m Tropical Forest -2.856667 /-54.958889 2002 S. Wofsy 
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Determination of vertical winds and the frictional tensor in equatorial 
regions 
Emel Enrique Vega (1), Volf Abrahamovich Shnaidman (2)  
Universidad Nacional de Colombia-Sede Bogotá, Colombia 
Hydrometeorologycal Institute of Odessa, Ukraine 
eevegar@unal.edu.co 
In the present work we have made an estimation of vertical motions in the lower latitudes and 
tropical regions, together with the turbulent wind friction tensors and heat fluxes, using 
atmospheric boundary layer methodology developed by Shnaidman V.A. (1990); this 
methodology is based on Monin-Kazansky similarity theory and Monin-Obukhov theory. 
Starting from the system of hydrothermodynamic equations, it is assumed that the wind is 
constant in space and time and equal to the gradient baroclinic wind, defined as a wind which 
results as a compensation between the geostrophic wind and the horizontal temperature 
gradient at the equator.  
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where the symbols have the following meanings: u and v are zonal and meridional wind 
components, p is atmosphere pressure, f the Coriolis parameter, k the vertical turbulent 
exchange coefficient, g the gravitational acceleration, Q(z) the turbulent temperature flux, b 
the Balance turbulent kinetic energy, ε  the rate of dissipation of turbulent kinetic energy into 
heat, iα  are coefficients, ρ  is air density, 0θ  is the potential temperature. 

Below we have the horizontal temperature gradient introduced in the uB, vB components of the 
gradient baroclinic wind, with whose help we resolve the geostrophic obstacle in the equator.  
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Furthermore, we determined the external parameters of stratification S, the Rossby number 
Ro, the baroclinic parameters xλ , yλ , the gradient baroclinic coefficient of friction χ , and the 
angle of inclination of the real wind with respect to the gradient baroclinic wind α . 
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ℵ  denotes von Karman constant. 



308 

By means of the integral parameters of the atmospheric boundary layer, as modified by the 
horizontal temperature gradient, we find the height of the boundary layer H, as well as the 
dynamic velocity *v  and the Ekman length Le. 

H=LeHn; Gf
vLe *

+
ℵ

=         (4) 

With the aim to find the vertical velocity, the components uB and vB of the gradient baroclinic 
wind were introduced in the continuity equation. The vertical velocity also depends on the 
height of the boundary layer and the gradient baroclinic coefficient of friction. These two 
parameters are obtained from the external parameter of stratification and the Rossby number 
which involves the surface roughness.  
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(5) 
Finally, the surface roughness z0 was obtained from the cartography of the region depicting 
land uses and soil cover, in order to find out the nondimensional integral parameter boundary 
layer, so as to estimate the components frictional tensors. 
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We compared some preliminary results obtained with the present methodology and those 
from the output of the Mesoscale Model Version 5 (MM5), fed with input data from 
NCEP/NCAR Reanalysis. The comparison shows differences and agreements between both 
models. 
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Overview on surface fluxes  
Timo Vesala  
Department of Physical Sciences, University of Helsinki, Finland 
timo.vesala@helsinki.fi 
Biosphere interacts with the atmosphere and the interaction is revealed in the form of the 
exchange of mass, heat and momentum between those systems. This interaction is mediated 
by atmospheric turbulence within the atmospheric boundary layer and especially within the 
lowest part, the surface layer. The interaction is acting in both directions: for example, the 
surface vegetation substantially affects the microclimate within the plant community and the 
surface layer and, in turn, the microclimate influences the plant community. Present studies of 
biosphere-atmosphere exchange processe are both of a fundamental and applied nature. At its 
best, the research should be based on long-term field observations on various temporal and 
spatial scales combined with sophisticated theories, analysing methods and comprehensive 
models [1]. 
Within this framework of micrometeorology and biosphere-atmosphere interactions, one of 
the important scientific tasks has recently been to establish long-term CO2 and energy flux 
measurements sites in an array of terrestrial biomes and climates world-wide [2]. The primary 
method adopted for CO2 and H2O flux measurements is presently eddy covariance (EC), 
measuring flux densities between biosphere and atmosphere directly, typically from towers. 
However, EC methodology still possesses some critical issues under debate (nighttime 
measurements, advection, mismatches in energy balance, planar fitting, reliable footprint 
models, to mention some). Beside CO2 and H2O, the high-response instruments suitable for 
eddy covariance are also available for, e.g., O3, nitrogen oxides (NOx), nitrous oxide (N2O), 
CH4, NH3 and VOCs. While several long-term EC records of CO2 and H2O fluxes exist for 
forests, wetlands, grasslands and arable lands, the measurements over lakes are scarce [3]. It 
is also advisable that more long-term trunk-space (sub-canopy) measurements would be 
carried out in suitable forest sites [4]. Beside trace gases, air contains particulate contaminants 
in the form of aerosol particles. The sources and role of particles is among the most 
significant unknown issues concerning climate change. While EC technique for (inert) gases 
is relatively well-established and broadly used, the similar measurements for sub-100 nm 
aerosol particles are still scarce. The understanding of deposition of small particles is still 
imperfect and field data on fluxes representing only a narrow size interval is required [5] 
together with estimations of the flux of specific chemical components [6] and chemical 
resolving of individual particles [7]. Beside EC, the relaxed eddy accummulation and disjunct 
eddy sampling techniques may provide the tools to determine surface layer fluxes. One should 
not either forget the traditional gradient (profile) method [8]. Compared to surface layer 
methods, approaches based on mixed boundary layer methods (like tethered balloon or 
aircraft measurements) provide flux estimates on larger scales.  
On smaller scales, fluxes can be monitored by chambers (cuvettes) to be placed over ground, 
water or vegetation. There exist several chamber designs from closed static to closed dynamic 
to open dynamic ones.  Similar to micrometeorological techniques, chamber methodology 
still possesses some critical issues under debate (mixing of air in the chamber, excessive 
turbulence, altered concentration, to mention some). Twenty different chambers for soil CO2 
efflux were recently compared in [9]. Recent developments in the sensor technique enable 
also more reliable and exhaustive measurements of soil concentration profiles. 
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Some of the major research directions are: 
• Methodological and instrumental issues 
• Utilization of long records in analysis of, e.g., phenology, extreme weather events and 

interannual variability 
• Closure of water balance 
• Beside CO2 and H2O, long-term measurements of other gases and aerosol particles 
• Full inclusion of different surface types (e.g. disturbed ecosystems and urban areas) 

and various ecosystem components 
• More extensive simultaneous complementary measurements 
• Development of advanced  process models including reactive gases and aerosol 

deposition 
Let us hope that coherent measurement protocols together with more realistic soil-vegetation-
atmosphere-transfer models and improved understanding on deposition/emission of reactive 
gases and multireactive aerosol particles would lead us to a new vision of biosphere-
atmosphere interactions of the real-world.   
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Flux characteristics in Panjin phragmites swamp in China 
Wang Hongyu (1), Zhou Guangsheng (1,2),  Zhou Li (1,2)  
(1) Institute of Atmospheric Environment, China Meteorological Administration, Shenyang, China 
(2) Laboratory of Quantitative Vegetation Ecology, Institute of Botany, the Chinese Academy of 
Sciences, Beijing, China 
iswhy@sina.com 
What role played by the high-middle latitude terrestrial ecosystem in Northern Hemisphere in 
global carbon cycle and its intensity of source or sink has plentiful debating. Wetland is a 
particular ecosystem, play an important role in global carbon cycle . As a terrestrial ecosystem 
wetland is one of the most important carbon storages such as forest. Especially the high 
latitude wetland storage 1/3 global soil carbon. And China is a country with the biggest area 
of wetland in the world. What is the carbon cycle and dynamic changes in wetland , especially 
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in north China? To research it we established the eco-environment research station in Panjin 
swamp. 
The fluxes of carbon, sensible heat and latent heat in Panjian phragmites swamp were 
analyzed, based on eddy covariance method in eco-environment research station, Institute of 
Atmospheric Environment, Chinese Meteorological Administration (CMA), Shenyang, 
China. The results indicated that the fluxes of carbon, sensible heat and latent heat from late 
May to early October had obvious diurnal pattern. It is single kurtosis and single vale pattern 
that kurtosis style is various during daytime. The maximum fluxes values appeared at noon. 
The absolute fluxes values during daytime are higher than those during the nighttime. Panjin 
phragmites swamp usually was a carbon sink during daytime and a carbon source during 
nighttime. After the growth season, diurnal swing of carbon flux in Panjian phragmites 
swamp was weakened. Panjin phragmites swamp had more carbon sink during the growing 
season, and would change to be a source from the end of September. Daily swing of CO2 flux 
in panjin phragmites swamp are less than those of the forest ecosystem. The diurnal 
cumulative sensible heat flux is from the surface to the sky, and no legible trend from June to 
September except little increasing in late September.  The diurnal cumulative latent heat flux 
showed flat distribution with slightly down trend. The average diurnal latent heat flux are 
positive in nighttime in panjin phragmites swamp meanwhile those are negative in forest 
ecosystem. Sensible heat flux had the same trend as latent heat flux during daytime, their 
ratios are proximately stable. Latent heat flux was dominant during daytime but sensible heat 
flux was dominant during nighttime. The average diurnal Bowen Ratio is 0.22, suggesting 
that diurnal sensible heat flux was proximately 1/5 of diurnal latent heat flux, and the Bowen 
Ratio was stable during the observation time. With the end of growing season, latent heat flux 
decreases quickly, sensible heat flux increase,  as a result Bowen Ratio increases. The Bowen 
Ratio in phragmites swamp is less then those in other ecosystem such as semi-arid grassland 
and spring wheat cropland. The changes of Bowen Ratio in those ecosystem are bigger than 
those in phragmites swamp. 
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Fig 1. The diurnal patterns of carbon dioxide. 
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Characteristics of the atmospheric CO over Beijing during the transition 
period of heating 
Pucai Wang, Gengchen Wang and Hongyi Wu   
Laboratory for Middle Atmosphere and Global Environmental Observation, Institute of Atmospheric 
Physics, Chinese Academy of Sciences, Beijing 100029 
The variation of CO column amount over Beijing has been derived from the measurement 
during the transition period of heating in the fall of 1999, using an infrared grating 
spectrometer of moderate resolution. CO is a very photochemical active trace gas, which is 
closely related to atmospheric pollution. The CO column amount during the heating period is 
larger than that before heating. The daily average of CO before heating is 0.147atm⋅cm, while 
that during the first heating period is larger, for the first 7 days is 0.205 atm⋅cm, and the daily 
variation is larger as well. However, the variation of CO column amount is closely related to 
the meteorological condition, mainly including atmospheric stability, wind speed and wind 
direction. 

Carbon dioxide exchange between the atmosphere and the temperate 
typical steppe ecosystem in Northern China 
Wang Yun-Long (1), Zhou Guang-Sheng (1,2), Wang Yu-Hui (1) 
(1) Institute of Botany, the Chinese Academy of Sciences, P. R. China 
(2) Institute of Atmospheric Environment, China Meteorological Administration, P. R. China  
zhougs@pubilc2.bta.net.cn 
Net ecosystem carbon exchange(NEE) was measured in temperate typical steppe ecosystem 
northeast to Xilinhot city, Inner Mongolia Autonomous Region, P. R. China from September 
2003 using open-path infrared gas analyzer (Li-7500) and 3-D ultrasonic anemometer. This 
steppe, dominated by C3 grass Leymus chinensis and Stipa krylovii, is typical of the grassland 
region in northern China and very vulnerable to global change. It presents a kind of grassland 
typical of continental climate and could serve as a model function type for global arid and 
semi-arid ecosystems. The climate at the site was characterized by limited precipitation and 
low temperature. The mean annual air temperature was 2� and the annual precipitation of 
2004 (290.2mm) being consistent with the average value of 10 years for this site. Based on 
those data, the variations of NEE, GPP and Re at diurnal, seasonal and inter-annual temporal 
scales will be analyzed, and environmental and physiological factors affecting its carbon cycle 
will also be determined. 
To meet the basic theory of eddy covariance technique, ultrasonic anemometer tilt correction 
was executed with the triple rotation at 30 minutes. Missing data due to instrumental 
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malfunction and unsuitable weather condition were filled for continuity and integrality of the 
flux database. Daytime data gaps were fitted half-monthly by the relationship between NEE 
and PAR with a rectangular hyperbola function and night data gaps were fitted with 
exponential expression. 
The results indicated that the peak values of NEE relied on the combination of LAI, PAR, 
water supply and temperature. −0.3 mgCO2m-2s-1 was the maximum NEE, it was far less than 
the corresponding values of tall grass prairie in Kansas, Oklahoma and grassland of Hungary 
and compared to short grass prairie with slight water stress in Canada and to grazed sub-
alpine pasture in Austria. 
In this region the year was divided into two distinct divisions. Approximately from middle 
May to late September is the warm season with most precipitation. As the ecosystem emerged 
from winter dormancy, the daily NEE was ascended with the warmer weather, and accelerated 
after snowmelt. During the burgeon period of early May, the steppe had turned its step to a 
carbon sink, while the immediately extended moisture stress (from early May to middle 
August in 2004, from middle June to late July in 2005) compelled the steppe to breathe out 
carbon gradually and reached the largest daily carbon release 1.30gCm-2 on June 23. For 
remainder of the period in 2004, the heave rainfall on 11 August released grassland from 
serious soil moisture stress. The daily NEE was changed into negative five days after rainfall 
and increased steadily and finally reached its largest daily carbon uptake 2.3gCm-2 on 
September 1. It was lower than lowland grassland at the similar latitude where the maximum 
value was mostly obtained in July. Then the NEE declined during leaf senescence and 
released CO2 after middle October.  

 
Due to the severe droughts, -5.7gCm-2 was uptake in the growing seasons of 2004, and 2.4 
gCm-2 was released from May 1, 2005 to July 25, 2005. Totally 82.7 gCm-2(Fig. 1) was 
returned to atmosphere since January 1, 2004 to July 25, 2005. The similar temporal pattern 
of PAR, net radiation and air temperature in different years could not explain the variation of 
inter-annul carbon flux pattern. Based on 30-year micrometeorological data, the rainfalls of 
June and July were 40±21mm and 88.9±53.3mm respectively, while the corresponding values 
of 2004 were 5.2mm and 53.6mm, and 40.8mm and 30.0mm for 2005. Short of rainfall 
induced the majority of the carbon release of both growing seasons. Besides the effect of soil 
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water content, precipitation is a driving factor to dominate the inter-annual carbon flux pattern 
of the steppe ecosystem. Thus, annual variation of precipitation and its temporal pattern had 
significant impacts on annual NEE, even determined the denotation of carbon flux. 
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Linking CO2 surface fluxes to concentrations in the atmospheric boundary 
layer over complex terrain; observations and mesoscale modeling results 
S.F.J. De Wekker(1), B. Stephens(1), B. Sacks(2), S. Aulenbach(1), T. Vukicevic(3), and D. Schimel(1) 
(1) National Center for Atmospheric Research, Boulder, CO, USA 
(2) university of Wisconsin. Madison, WI, USA 
(3) University of Colorado, Boulder, CO, USA 
dewekker@ucar.edu 
Mountain forests represent a large portion of gross primary productivity within the United 
States and a significant potential net CO2 sink. Therefore, there is a need to develop methods 
to estimate regional fluxes of CO2 in mountainous terrain. We present results from a 
combined modeling and observational study of regional CO2 fluxes in mountainous terrain 
and discuss the major challenges. We use data from the Airborne Carbon in the Mountains 
Experiment (ACME), conducted in May and July of 2004. The NCAR C-130 aircraft few 
over a large region (~350x350 km) of the Colorado Rocky Mountains on ten days, making 
continuous measurements of CO2, CO, O3, and water vapor concentrations among other 
measurements. The flights were conducted according to a combination of experimental 
designs, including morning to afternoon Lagrangian measurements, and morning sampling of 
nocturnally respired CO2. Applying a simple budget method to the aircraft data, we estimated 
CO2 drawdowns of several ppm in the mountain boundary layer, representing significant CO2 
uptake by the forests.  These results agree surprisingly well with local flux measurements at a 
sub-alpine location. To interpret and understand the observations, we use a modeling 
framework consisting of the Regional Atmospheric Modeling System (RAMS) and its adjoint. 
The mesoscale model RAMS is run at very high resolution and comparison with available 
observations shows that the model is able to capture meteorology well under the strongly 
forced conditions in complex terrain. We prescribe various scenarios of a CO2 flux at the 
surface and atmospheric conditions resulting in a variety of spatial and temporal behaviors of 
CO2 concentration in and above the mountain boundary layer. This enables the calculation of 
surface CO2 fluxes using the same approach as in the observations, while comparison with the 
prescribed fluxes allows a detailed investigation of the reliability and applicability of the 
budget approach in mountainous terrain. 
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Modelling spatially aggregated evapotranspiration in semi-arid conditions 
Ana Were (1), Luis Villagarcía (2), Francisco Domingo (1,4), María José Moro (3), Juan 
Puigdefábregas (1) 
(1) Estación Experimental de Zonas Áridas (CSIC), Almería, Spain. 
(2) Departamento de Ciencias Ambientales, Universidad Pablo de Olavide, Sevilla, Spain. 
(3) Departamento de Ecología, Universidad de Alicante, Alicante, Spain. 
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Spatial heterogeneity of an area when modelling the surface energy fluxes is an issue that has 
been very intensively researched. More specifically, it is important to study how the 
heterogeneity at a certain scale can be averaged when modelling the surface fluxes at a higher 
scale. In this work we have work on  modelling the evapotranspiration flux (λE) of a 
heterogeneous area, with patches of different vegetation, by approximating a sparse-
vegetation model [1] into a multi-source model that considers each patch as a source of 
evapotranspiration that interact at a blending height above the vegetation [2]. To do this we 
have calculated the effective resistances of the patches by aggregating the resistances of soil 
and plant of each patch. Therefore we parameterized the different resistances of soil and plant, 
so to calculate them from different meteorological variables, and aggregated them in parallel, 
in series or averaging both, to obtain the effective resistances [3,4]. With the multi-source 
model we estimated the λE of the whole heterogeneous area. These estimates were compared 
with measurements of λE acquired by an eddy correlation system placed in a tower at a height 
to measure the whole area. The results showed that a multi-source model as the one presented 
in this work, using the aggregated effective resistances ( e

sr ), gave rise to estimates of λE of 

a heterogeneous area that differed in 15% from the measured values (Table 1 and Figure 1).   

p
re
s○
e
sr●

e
srp

re
s ,∆

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

λE measured (mm day-1)

λE
es

tim
at

ed
(m

m
da

y-1
)

p
re
s○
e
sr●

e
srp

re
s ,∆

p
re
s○
e
sr●

e
srp

re
s , e

srp
re
s ,∆

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

λE measured (mm day-1)

λE
es

tim
at

ed
(m

m
da

y-1
)

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

λE measured (mm day-1)

λE
es

tim
at

ed
(m

m
da

y-1
)

 
Fig 1. Measured values of daily evapotranspiration compared with the estimated values using 
different aggregated effective surface resistances: surface resistances aggregated in parallel (

p
e
sr ) 

or averaging the aggregated resistances in parallel and in series ( e
sr ). The doted line indicates the 

1:1 line. 
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Table 1. Percentage of differences between measured values of evapotranspiration and estimated ones 
using different aggregated effective surface resistances ( e

sr ). See Figure 1. 

 (λE measured - λE estimated)% 
e
sr  Average ± 

SD 
 

Maximum 
 

Minimum 
Absolute values 
Average ± SD 

p
e
sr  -7.3 ± 19.2 15.5 -51.3 14.7 ± 14 

e
sr  6.4 ± 17.7 35.7 -21.8 15.3 ± 10.2 

p
e
sr , e

sr  3.9 ± 17.8 22.6 -38.1 15.1 ± 9.3 

 
The different methods of aggregating the resistances tested gave rise to very similar estimates 
of λE (Table 1 and Figure 1). The reason for this is that in semi-arid conditions where the 
vegetation fraction-cover is small (as in our field area) the soil resistances always have a more 
preponderant influence on the resultant effective resistances. Therefore this result indicates 
that the method of aggregating the resistances of soil and plant does not significantly affect 
the estimation of evapotranspiration of a small-scale heterogeneous area in semi-arid 
conditions.  
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Modeling net ecosystem exchange (NEE) of temperate typical steppe in 
Inner Mongolia 
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Terrestrial ecosystems play a critical role in modulating the global carbon cycle. Previous 
studies have suggested that tropical Asia is an important source of carbon to the atmosphere, 
ranging from 25% to 31% of the global carbon emissions released from land since the middle 
of the eighteenth century. Recent estimates have indicated that tropical deforestation in South 
and Southeast Asia released from one third since 1980s to more than half of the total carbon 
lost derived from land use changes across the globe. However, more recent analyses based on 
atmospheric transport models and CO2 observations suggested that the northern portion of 
monsoon Asia has acted as a carbon sink. The uncertainty in the magnitude of the carbon 
source or sink strength in monsoon Asia is clearly a key to balancing the global carbon 
budget. To reduce the uncertainty of the carbon budget in monsoon Asia and to improve our 
understanding of the carbon cycle at various spatial and temporal scales, a pilot project of 
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temperate steppe carbon budget integration study was launched in Inner Mongolia from June 
2001 to December 2006. 
Grasslands are one of the most widespread vegetation types worldwide, mostly located in 
temperate region, covering about 30% of the earth’s surface and containing 452.3PgC (about 
25% of the earth’s total amount) in biomass and soil. Temperate grasslands are very sensitive 
to global climate change and make a large contribution to global biogeochemical cycles. 
Temperate steppes in China occupy about 4.1×107hm2, and its carbon storage in vegetation 
and soil was about 4.84Pg C. The experimental site of temperate steppe carbon budget 
integration study is located at Xinlingol typical steppe ecosystem research 
station(44°08′N,116°19′E), Institute of Atmospheric Environment, China Meteorological 
Administration found in 1987. This steppe, dominated by C3 grass Leymus chinensis and 
Stipa krylovii, is typical of the grassland region in northern China and very vulnerable to 
global climate change. The integrated field observation items includes hourly soil CO2 fluxes, 
hourly leaf photosynthetic ecophysiology of dominant species, hourly plant community 
photosynthesis, monthly biomass and NPP, phenological observation of dominant plant 
species, C, N, P, S of dominant plant species, soil property, microclimate gradient observation 
at the heights of 2m and 4m (including air temperature, moisture, wind speed, wind direction, 
Photosynthetic active radiation(PAR), net radiation and solar radiation, soil surface heat flux 
at 5cm depth, soil water contents at the depth of 10, 20, 30, 50cm, soil temperatures at the 
depth of 0,5,10,15,20,40,80cm, rainfall every half hour) and flux measurements at the height 
of 2m by eddy covariance technique consisting of open-path infrared gas analyzer (Li-7500) 
and 3-D ultrasonic anemometer. 
Based on those long-term observation data, the variations of NEE, NPP and soil respiration 
(Rh) at diurnal, seasonal and inter-annual temporal scales and their controlling factors will be 
determined, and an integrated grassland surface process model (IGSPM) coupled biological-
physical-chemical process would be developed. The integrated grassland surface process 
model (IGSPM) could be used to simulate the dynamics of NPP, Rh and NEE, and it consists 
of biogeochemical submodel, canopy submodel, vegetation submodel, soil submodel, 
radiation submodel, and ecological-hydrological submodel. The characteristics of IGSPM 
mainly include five aspects: (1) simulating the effects of chemical process (soil carbon and 
nitrogen) on biological and 
physical processes; (2) 
modifying biochemical process 
model by the effects of soil 
nutrients on plant photosynthetic 
ecophysiology; (3) scaling up 
from leaf to canopy based on the 
combination method of multiple 
layer model and ‘big leaf’ 
model; (4) new water-heat based 
phenological models for 
dominant plant species of 
temperate steppe were 
established, including the effects 
of temperature and precipitation, 
while the existing phenological 
models usually consider only the 

Fig.1 NEE simulation of temperate typical steppe in 
Inner Mongolia by IGSPM 
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effect of temperature; (5) an integrated soil respiration model was develop in temperate 
steppe, considering the comprehensive effects of below ground biomass, temperature and 
moisture. 
The IGSPM was validated based on 14-year continuous grassland NPP observation in this 
station and the data from the pilot project of temperate steppe carbon budget integration study 
from June 2001 to 2005. The results indicated that IGSPM could give better simulation of 
NPP that CENTURY model and IBIS model. The simulation accuracy of IGSPM increased 
by 10% compared with the results from CENTURY model. The correlative coefficient (R) 
between the simulated values and the observed data from IGSPM is about 0.87, and it is more 
than 0.56 from IBIS model. The carbon flux measurements from eddy covariance technique 
also showed the IGSPM could simulate the NEE very well (Fig.1).  

Net ecosystem exchange (NEE) of CO2 between the atmosphere and 
phragmites swamp ecosystem in Panji 
Zhou Li (1,2), Wang Yu-Hui (1), Zhou Guang-Sheng (2) 
(1) Institute of Atmospheric Environment, China Meteorological Administration, Shenyang 110016, 
P.R.China 
(2) Laboratory of Quantitative Vegetation Ecology, Institute of Botany, the Chinese Academy of 
Sciences, Beijing 100093, P. R. China 
jasmine_lz@yahoo.com.cn 
Wetland, located in the terrestrial-aquatic transverse zone, is an important landscape and 
ecosystem. Wetlands have huge environmental functions in maintaining ecological balance 
and regional stability due to their particular characteristics in hydrology, soil, and plant, as 
well as landscape ecological structures. Especially, wetland plays an important role in global 
carbon cycling in terrestrial ecosystems. In order to understand the variations of NEE, net 
primary productivity (NPP), soil respiration (Rh) and their controlling factors at diurnal, 
seasonal and inter-annual temporal scales and to develop a wetland carbon budget evaluation 
model, a pilot project of Panjin wetland ecosystem carbon budget integration study was 
launched from June 2004. 
The experimental site of Panjin wetland ecosystem carbon budget integration study is located 
at Panjin wetland ecosystem research station(121°54’E、41°08’N) , Institute of Atmospheric 
Environment, China Meteorological Administration found in 1980. The dominant plant 
species is Phragmites, and its area spreads about 8hm2. The integrated field observation items 
includes hourly soil CO2 fluxes, hourly leaf photosynthetic ecophysiology of dominant 
species, monthly biomass and NPP, phenological observation of dominant plant species, soil 
property and microbe characteristics, microclimate gradient observation at the heights of 3m 
and5m (including air temperature, air moisture, wind speed, wind direction, Photosynthetic 
active radiation(PAR), net radiation and solar radiation, soil surface heat flux at 5cm depth, 
soil water contents at the depth of 10, 20, 30, 50cm, soil temperatures at the depth of 
0,5,10,15,20,40,80cm, and rainfall every half hour) and flux measurements at 4m by eddy 
covariance technique consisting of open-path infrared gas analyzer (Li-7500) and 3-D 
ultrasonic anemometer. 
In order to understand the characteristics of carbon, sensible heat and latent heat fluxes in 
Panjian phragmites swamp, ultrasonic anemometer tilt correction was executed with the triple 
rotation at 30 minutes. Missing data due to instrumental malfunction and unsuitable weather 
condition were filled for continuity and integrality of the flux database. Daytime data gaps 
were fitted half-monthly by the relationship between NEE and photosynthetic active radiation 
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(PAR) with a rectangular hyperbola function and night data gaps were fitted with exponential 
expression. The results indicated that the fluxes of carbon, sensible heat and latent heat from 
late May to early October had obvious diurnal pattern. It is single kurtosis and single vale 
pattern that kurtosis style is various during daytime. The maximum fluxes appeared at noon. 
The absolute fluxes during daytime are higher than those during the nighttime. Panjian 
phragmites swamp usually was a carbon sink during daytime and a carbon source during 
nighttime. After the growth season, diurnal swing of carbon flux in Panjian phragmites 
swamp was weakened. Panjian phragmites swamp had more carbon sink during the growing 
season, and would change to be a source from the end of September. The diurnal cumulative 
sensible heat flux is from the surface to the sky, and no legible trend from June to September. 
The diurnal cumulative latent heat flux showed flat distribution with slightly down trend. 
Sensible heat flux had the same trend as latent heat flux during daytime, their ratios are 
proximately stable. Latent heat flux was dominant during daytime but sensible heat flux was 
dominant during nighttime. The average diurnal Bowen Ratio is 0.22, suggesting that diurnal 
sensible heat flux was proximately 1/5 of diurnal latent heat flux, and the Bowen Ratio was 
stable during the observation time. The latent heat flux was quickly down because Bowen 
Ratio became increscent at the end of growth season.  

Application of a new multiscale data assimilation: estimation of local 
aerosol fluxes on a two-dimensional atmospheric boundary 
Yu Zou 
Department of Chemical Engineering and Program in Applied and Computational Mathematics 
yzou@princeton.edu 
Sequential data assimilations have been utilized in diverse scientific and engineering fields to 
retrieve model predictions via experimental measurements. However, their applications have 
been so far limited to single-scale problems, where model predictions at one scale were 
retrieved or calibrated only by measurements in that scale. For multiscale systems (e.g., 
atmospheric systems, complex biosystems, chemically reacting systems) for which 
microscopic observations are usually not available, it is expected to utilize measurements in 
macroscopic (e.g., coarse-grained, density-level, largely distanced from a boundary) scales to 
update or estimate microscopic (e.g., agent-based, particle-level, locally concentrated near a 
boundary) model quantities. This therefore requires techniques for multiscale data 
assimilation.   
In this work, a newly proposed multiscale data assimilation technique [1] is used to estimate 
local aerosol fluxes emitted from a two-dimensional atmospheric boundary. Here the local 
aerosol fluxes near the boundary serve as the microscale state and their fluxes at a height 
above the boundary as the macroscale state. Model states in different scales, related through 
an interscale bridging model, are coupled to form an extended state.  An advanced data 
assimilation method, the ensemble Kalman filter (EnKF) [2,3], is applied to update the 
extended model state, from which updated states in different scales can then be extracted. 
This data assimilation approach is appropriate for computationally multiscale systems where 
observables in different scales have the same dimension and can thus be coupled to form a 
meaningful extended state. 
In this paper, we use Wilson's model [4] to simulate intensities of vertical wind velocities, and 
use independent Brownian motions to simulate horizontal wind velocities. Macroscale aerosol 
fluxes can then be predicted from the microscale counterparts via this wind velocity field, thus 
forming an interscale bridging. The study shows that the Bayesian estimates of updated 
microscale aerosol fluxes close to macroscale measurement locations approach true values 
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and their error variances have a tendency to decay. However, estimation of microscale fluxes 
in locations far from the macroscale measurements is poorly performed, which reminds 
importance of layout and quantities of macroscale measurements. This approach is also used 
in this study to estimate diffusion coefficients of Brownian motions of horizontal wind 
velocities.  
[1] Y. Zou and R. Ghanem, 2004, SIAM Journal of Multiscale Modeling and Simulation, 3(1), 131-

150.  
[2] G. Evensen, 1994, J. Geophys. Res., 99, 10143-10162. 
[3] R. Miller, M. Ghil and F. Gauthiez, 1994, J. Atmospheric Sci., 51, 1037-1056.  
[4] J. Wilson, 1981, Boundary Layer Meteorol., 21, 423-441. 

Quantifying particle fluxes above forests 
S.C. Pryor (1,2), S.E. Larsen (2), L.L. Sørensen (2), R.J. Barthelmie (2,1) 
(1) Atmospheric Science Program, Department of Geography, Indiana University, Bloomington, IN 
47405, USA. 
(2) Department of Wind Energy and Atmospheric Physics, Risø National Laboratory, Dk4000 
Roskilde, Denmark 
spryor@indiana.edu 
Ten-Hz measurements of particle concentrations (obtained using a TSI CPC 3010) and the 
wind components (obtained using a Metek sonic) are used to compute particle number fluxes 
to a representative Beech forest in Denmark. We quantify the corrections to, and errors 
associated with, application of eddy covariance to particle data and to compare particle 
number fluxes derived using eddy covariance, relaxed eddy accumulation and spectral 
methods. 
Half-hour average particle number fluxes 
derived using eddy covariance corrected 
using the Webb correction, a correction for 
the attenuation of the CPC response at high 
frequencies and the deliquescence effects 
range from –7*107  # m-2 s-1 (1st percentile) to 
5*107 # m-2 s-1 (99th percentile), and have a 
median value of –1.6*106  # m-2 s-1. The 
particle number fluxes are typically 
downwards during the daytime, but as in 
previous applications of the eddy covariance 
method to particle number fluxes over forests 
a large number of positive (upward) fluxes 
are observed. Even in the absence of upward 
fluxes it is useful to provide a context for all 
flux estimates by considering the associated 
uncertainties. This is conducted here based on 
the work of Wyngaard[1], and the results 
indicate over half of the half-hour average 
particle number fluxes estimated using the 
eddy covariance are not significantly different to zero (i.e. the estimates lie within one 
standard deviation of zero). 
We applied four multiple micro-meteorological methods to estimate particle number fluxes 
using data from 16 June 2004. This day was selected because during the majority of the day 

Figure 1. Cumulative probability distribution 
(1st to 99th percentile) of the half-hour average 
particle number fluxes computed from the 
eddy covariance approach. 
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the wind direction and speed were 
relatively constant and the stability was 
near-neutral. Additionally, this day was 
characterized by a large number of 
periods which have fluxes determined 
by eddy covariance that are statistically 
different from zero in both the positive 
and negative directions (Figure 2). 
Comparison of half-hour average 
particle number fluxes computed from 
eddy covariance, relaxed eddy 
accumulation (REA), the dissipation 
method and the co-spectra method 
(Figure 3) indicates the REA method 
gives comparable flux estimates to those 
from eddy correlation, although they are 
biased to lower absolute flux values (by 
an average of approximately ¼) 
particularly during periods of high 
magnitude fluxes. The agreement between fluxes from the two spectral techniques is better 
than between fluxes from either of the techniques and the eddy covariance approach (Figure 
3), and in contrast to the REA derived fluxes, those from the spectral methods tend to give 
higher magnitude fluxes than those estimated using eddy covariance. The cause/s of the 
bias/es are currently being investigated. 
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Figure 3. Comparison of particle number fluxes on 16 June 2004 computed from the eddy covariance 
(EC) approach with those from the alternative micro-meteorological methods. The error bars on the 
eddy covariance estimates are those shown in Figure 2. Frame (a) shows the comparison with flux 
estimates derived from the REA technique using both bw and bT. Frame (b) shows the comparison with 
flux estimates derived from the spectral approaches. Note the scale used in the two frames differs. 
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Figure 2. Half-hour average particle number 
fluxes (and uncertainty bounds) computed using 
eddy covariance for 16th June 2004.  
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Towards process-based estimates of terrestrial BVOC emissions – 
integrating the direct and indirect effects of atmospheric CO2 
concentration, climate and vegetation dynamics 
Almut Arneth (1) , Ulo Niinemets (2), Annett Wolf (1), Steffen Noe (2), Shelley Pressley (3) 
(1) Lund University, GeoBiosphere Science Centre, Sweden 
Corresponding author: almut.arneth@nateko.lu.se 
(2) University of Tartu, Department of Plant Physiology, Estonia 
(3) Washington State University, Department of Civil and Environmental Engineering, USA 
Plant leaves emit an oddly extensive array of different molecules, summarised as biogenic 
volatile organic compounds (BVOC). Total global BVOC emissions are estimated to be in the 
range of 1000 TgC a-1, and exceed anthropogenic VOC emissions notably1,2. Isoprene may be 
the single-most dominant chemical species, contributing ca. 40% of the global total. Due to 
their reactivity with the OH radical and O3, BVOC constrain the atmospheric growth rate of 
methane, and contribute to the formation of tropospheric ozone and biogenic aerosols, thus 
having a sizeable impact on climate and human health3. 
Global emission estimates are based on algorithms developed since the early-mid 1990s2,4 that 
calculate the production of isoprenoids from a species- or plant functional type-specific 
standardised emission rate (at a leaf temperature of 30oC and a photon flux density of 1000 
µmol m-2s-1) and superimposed variations based on empirical relationships with leaf 
temperature and light. Upscaling to the canopy and landscape level may be done using e.g., 
light transfer and canopy characteristics, information on species composition in a given 
region, and/or assumed seasonal variation of the emission factor to account for instance for 
the observed time-lag between leaf development and onset of photosynthetic activity and 
spring isoprene emission5,6.  
However, this approach does not account for direct effects of atmospheric CO2 on leaf 
BVOC, specifically isoprene, emissions. It has been shown in a range of laboratory studies 
that these decline at increasing atmospheric CO2 concentration, and may increase significantly 
in a low CO2 environment7,8. While not being fully understood yet, the CO2-isorpene 
interactions are related to the chief pathway for isoprene formation via the 1-deoxyxylulose 5-
phosphate (DOXP) in the chloroplast. Glyceraldehyde-3-P, produced during CO2 
assimilation, is one of the main substrates for DOXP and accordingly experimental evidence 
links isoprene synthesis to photosynthetic carbon metabolism9,10. These observations have 
spurred the development of first generation, semi-mechanistic models of isoprene production 
that use photosynthesis –and its widely accepted mathematical expression by Farquhar and 
co-workers11– as a starting point12-14. 
Building on these we develop here a fundamentally novel approach to estimate regional and 
global terrestrial isoprene emissions, that specifically calculates canopy isoprene production 
from carbon assimilation rates12 and that is integrated into the dynamic vegetation/C-cycle 
framework LPJ-GUESS15,16. On leaf-scale, the model reproduces the typically observed 
temperature and light relationships well. But in addition, it mimics the possible effects of CO2 
concentration on isoprene production (Fig. 1). On ecosystem scale, model outputs compare 
well with published flux estimates for boreal, temperate and tropical forest. The model 
provides a tool to disentangle the direct effects of climate and atmospheric CO2 on isoprene 
emissions from indirect effects via assimilation rate, vegetation activity and composition (Fig. 
2). At the iLEAPS conference, global isoprene estimates based on this coupled isoprene-
dynamic vegetation-carbon cycle model will be presented and possible effects of variation in 
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atmospheric CO2 concentration and climate on regional and global estimates will be 
discussed. 
Fig. 1: Short-term response of leaf isoprene production to temperature and photosynthetically active 
radiation (Q), and T and CO2 concentration using a modified leaf isoprene-assimilation model11,12. 
Model output is normalised to unity at standard conditions (T = 30o, and/or Q = 1000 µmol m-2s-1). 

  
Fig. 2: Long-term CO2 effect on terrestrial isoprene emission: daily isoprene production at a mixed 
hardwood (Quercus & Populus) forest for a four-year period calculated by incorporating a modified 
version of the isoprene model into the LPJ-GUESS framework, run with monthly gridded climate 
information (temperature, precipitation and radiation).  

 

Lines are: isoprene production 
at ambient CO2 concentration 
(straight line) and example 
effects at 500 ppm CO2, related 
to (i) increasing canopy gross-
primary production and leaf 
area index (dash-dot line), (ii) 
a decline of leaf isoprene 
production at increasing CO2 
(based on laboratory 
observations; dotted line), and 
(iii) the combination effect of 
(i) & (ii) (dashed line). 
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Cloud base heights determined from satellite and in-situ measurements in a 
montane cloud forest 
Salvi Asefi (1),
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Udaysankar S. Nair (1),  Deepak K. Ray (1), William R. McCarty (1) and Gary Jedlovec(3) 

(1) Department of Atmospheric Science  
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National Space Science and Technology Center 
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(3) National Space Science and Technology Center 
NASA Marshall Space Flight Center 
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asefi@nsstc.uah.edu 
Tropical montane cloud mist forests are among the most biologically rich and diverse 
ecosystems, providing habitats for many of the world’s endangered species. Survival of these 
habitats depends strongly on regular and frequent immersion in orographic clouds.  At the 
Monteverde Cloud Mist Forest Reserve in Costa Rica, the bases of the clouds have shifted 
upslope, leading to anuran population crashes, an increase in the upper elevation of bird 
ranges on the Pacific slope, and longer dry season mist-free intervals.  
Satellite remote sensing techniques have been developed to determine the orographic cloud 
base heights; these are tested for the dry season month of March 2003 over the Monteverde 
cloud forests.  The approach derives MODIS cloud top pressures and then converts them to 
cloud top heights using geopotential height profiles. The NCAR Land Use and Cloud 
Interaction Experiment (LUCIE), consisting of paired mobile radiosonde systems deployed in 
Costa Rica, provided the means for validating the retrievals. Results show that the four 
MODIS CO2 slicing channels do not provide sufficiently accurate cloud top height values, 
although some of the differences are due to a mismatch in the observational periods. In order 
to improve the results, two alternative approaches are examined.  Simulated geopotential 
height profiles from the CSU Regional Atmospheric Modeling System (RAMS) initialized 
with soundings provided superior results.  Another approach investigated the utility of 
multiple combinations of channels in the CO2 slicing technique using Atmospheric Infrared 
Sounder (AIRS) data for cloud height assignment. Using AIRS a more accurate determination 
of cloud top height is achieved. Using the RAMS model the percentage of time immersed in 
cloud was determined as a function of height. 
Cloud thicknesses are estimated using three different approaches: 1) constant liquid water 
content (CLWC); 2) an empirical relationship; and 3) an adiabatic model.  The CLWC 
approach provided the most consistent results. Cloud base heights are computed from 
subtracting cloud thickness from cloud top height.  Orographic cloud base height maps are 
then created.  Cloud base heights derived from the combined MODIS/RAMS approach and 
AIRS were then compared with values observed at the study sites.  Differences between the 
observed and remotely sensed values were on the order of 200-300m for MODIS/RAMS. The 
results suggest that it is possible to monitor global cloud mist forest cloud base heights using 
the combination of MODIS satellite imagery combined with  AIRS and model simulations.  
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The next generation of the simple biosphere model (SiB3): model 
formulation and preliminary results 
Ian T. Baker(1), A.S. Denning(1), N. Hanan(2) J.A. Berry(3), G.J. Collatz(4), K.M. Schaefer(5), A.W. 
Philpott(1),L. Prihodko(1), N.S. Suits(1) 
(1) Colorado State University Department of Atmospheric Science, USA 
(2) Colorado State University Natural Resources Ecology Laboratory, USA 
(3) Carnegie Institute of Washington, USA 
(4) NASA Goddard Space Flight Center, USA 
(5) NOAA Climate Monitoring and Diagnostics Laboratory, USA 
baker@atmos.colostate.edu 
Introduced by P.J. Sellers and coauthors in 1986, the Simple Biosphere Model (SiB) was 
proposed as a physically and biologically realistic model of the terrestrial biosphere that could 
provide fluxes of energy and moisture for atmospheric General Circulation Models 
(GCMs)[1] while providing a level of biophysical realism useful to both meteorologists and 
biologists. The SiB code was revised in 1996 [2], and the ability to generate biophysical 
parameters from satellite data was added [3][4]. We present a new version of SiB and 
describe the primary modifications, including: 

• Prognostic Canopy Air Space (CAS) equations for temperature, water vapor and CO2 
following Vidale and Stockli [5] 

• A high-resolution 1-D soil and snow formulation based on that used in the Community 
Land Model (CLM) [6] 

• Multiple-physiology capability, allowing different physiological types (generally 
C3/C4) to share the same CAS and soil 

• Discrimination of Carbon and Oxygen isotopes 
• Explicit calculation of radiative transfer in sunlit and shaded portions of the canopy 

[7][8] for calculation of both photosynthetic and energetic flux 
• Modification of the respiration formulation to more accurately represent annual cycle 

while retaining carbon balance [9] 
• Adjustment of the interpolation of satellite-derived Normalized Difference Vegetation 

Index (NDVI) used to describe vegetation phenology 
These modifications provide a higher level of biophysical realism and improve the quality of 
fluxes of energy, moisture and trace gases when SiB is coupled to GCMs, mesoscale 
atmospheric models, chemical transport models or when compared to fluxes observed at the 
ever-growing network of flux towers. 
For many years SiB has had a tendency to simulate spring earlier than observed in mid- and 
high latitudes. The result has been early drawdown of CO2 when compared to flask data and 
flux towers. We have found that adjusting the NDVI interpolation scheme and modifying the 
respiration calculation to include a more realistic interpretation of autotrophic respiration 
provides marked improvement to the annual cycle of net ecosystem exchange of CO2 (NEE). 
The change from a big-leaf radiative scheme [10] to an explicit treatment of sunlit and shaded 
fractions of the canopy results in much more realistic simulation of Bowen Ratio for many 
biome types. Inclusion of a prognostic CAS, calculation of isotopic discrimination, and the 
multiple-physiology scheme allow more detailed biophysical analysis and the teasing out of 
subtle properties effecting fluxes of mass, energy and trace gases on multiple temporal and 
spatial scales. 
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Modeling chemistry-climate interactions 
Guy P. Brasseur 
National Center for Atmospheric Research 
brasseur@ucar.edu 
Earth-System Models must include the important processes that determine the fluxes of 
chemical compounds (gas phase and aerosols) and their transformation through the 
atmosphere, land and ocean. These compounds contribute to climate forcing and the 
concentration of several of them is affected by human activities. On the other hand, processes 
such as surface emissions and deposition, multi-scale transport and chemical reactions are 
perturbed by changes in the physical climate system.  
The presentation will discuss how the complex interactions between climate, chemistry and 
the biosphere can be accounted for in modern Earth-System Models. 

Validation of spaw model for soil moisture and evapotranspiration under 
wheat crop at Anand 
Ganesh  B. Chaudhari,  Vyas  Pandey And A. M. Shekh  
Department of Agricultural Meteorology, B.  A. College of Agriculture 
Anand Agricultural University, Anand – 388 110 
gbcha@rediffmail.com 

The physically based Soil Plant Air Water (SPAW) model (Saxton et al., 1974) overcomes many 
of the limitation of the empirically based models. The SPAW model has been tested on numerous 
agricultural crops such as corn and soybean (Sudar et al.,1981) and wheat (Saxton et al., 1992, 
Singh et al.,1992). In this study the SPAW model (Saxton, 1989) has been used to simulate the 
soil moisture profiles in the sandy loam soil of Anand under wheat crop grown over three years. 
Soil Plant Atmosphere Water (SPAW) model was used to simulate the dynamic soil moisture 
content under irrigated wheat crop grown at Anand, India (Latitude 22° 35’N Longitude 72° 55’ 
E and Altitude 45.1m ) during three seasons (2001-02 to 2003-04). Simulated soil moisture values 
were compared with gravimetrically observed data for three years for different soil layers viz; 00-
15cm, 15-30cm, 30-45cm and 45-60cm. The crop was sown on 30th November in each year and 
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irrigated 6-7 times during the growth period with the fixed amount of 50 mm. The simulated soil 
moisture had highly significant correlation (r=0.79** to 0.86**) with the measured values for 
different layers.  The data pooled over depth and years revealed highly significant correlations 
(r=.71**) with RMSE of ±1.77 only, confirms the validity of model for predicting soil moisture. 
The differences between measured and simulated actual evapotranspiration were found to be less 
than (9%) of the measured values. 

Results and discussion 
Soil moisture 
Simulated daily soil moisture by SPAW model in four different layers (00-15cm, 15-30cm, 30-
45cm and 45-60cm) was compared with weekly measured data. The fluctuations in the observed 
as well as simulated soil moisture were maximum in the upper layer (00-15 cm) of soil profile, 
and minimum in lower layer (45-60cm).The trend was more or less similar in all the three years. 
The correlation worked out between simulated and observed soil moisture for each layer revealed 
highly significant association (r =0.79** to 0.86**) (Table 1). The model’s performance in terms 
of R2 was better in upper layers (R2 = 0.74) than the lower layers (R2 = 0.62 to 0.67). The root 
mean square error (RMSE) values less than 1.87 signifies the reliability of the SPAW model in 
accurate prediction of soil moisture at various depths in the wheat crop at Anand. 
The overall pooled analysis gave R2 of 0.71** with RMSE values of ±1.77. The simulated versus 
observed soil moisture pooled over depth and year revealed good agreement between the two. 
Thus the results revealed that the model can be used to predict soil moisture under wheat crop 
accurately. 
Evapotranspiration 
Various parameters related to soil water balance for three seasons of wheat crop are summarized 
in Table 2. The pan evaporation was maximum (585.0mm) in year 2003-04, where as the actual 
evapotranspiration (AET) was maximum (367.2mm) in year 2002-03. Measured AET values 
were between 52 to 70.4 % of the pan evaporation. As per SPAW model output, the computed 
AET ranged between 277.7 to 339.5 mm over the years. The differences between measured and 
computed AET of wheat were less than 9% of the measured AET values (Table 2). The 
transpiration component of AET of wheat crop ranged between 175.0 to 192.5mm. Thus the 
transpiration accounted for 54 to 63 % of the actual evapotranspiration.  
The study found that the SPAW model can be used for predicting the moisture content of the soil 
profile quite accurately under irrigated wheat crop. This can also be useful in deciding the 
irrigation scheduling. 
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Table 1 : Correlation and regression analysis of simulated and observed soil moisture along with 
RMSE values 
Particulars Regression Equations Correlation 

Coefficients (r) 
R2 RMSE 

  (±) 
Year 
2001-02 
2002-03 
2003-04 

 
Y = 1.5490 + 0.8686 X 
Y = 4.1365 + 0.6994 X 
Y = 1.8827 + 0.7669 X 

 
0.87** 
0.75** 
0.88** 

 
0.76** 
0.66** 
0.78** 

 
1.70 
2.10 
1.44 

Soil Depth 
00-15cm 
15-30cm 
30-45cm 
45-60cm 

 
Y = 1.7019 + 0.8317 X 
Y = 2.0045 + 0.8232 X 
Y = 1.8471 + 0.8533 X 
Y = 2.5973 + 0.7774 X 

 
0.86** 
0.86** 
0.82** 
0.79** 

 
0.74** 
0.74** 
0.67** 
0.62** 

 
1.77 
1.75 
1.87 
1.64 

Pooled Y = 2.0303 + 0.8213 X 0.84** 0.71** 1.77 
X=Simulated Soil moisture(%)   **Significant at P=0.01; Y=Observed Soil moisture(%). 
Table 2 : Measured and computed (SPAW model) ET and related parameters  
Parameters 2001-02 2002-03 2003-04 
Rainfall 
Irrigation 
Pan Evaporation 
Measured Evapotranspiration 

    0.0 
400.0 
512.0 
354.7 

  23.3 
350.0 
520.0 
367.2 

    0.0 
350.0 
585.0 
304.7 

Computed Parameters 
Actual Evapotranspiration 
Soil Evaporation 
Transpiration 

322.7 
147.7 
175.0 

339.5 
144.5 
192.5 

277.7 
102.5 
175.5 

Global-scale effects of anthropogenic land-cover change in past and future 
climate 
Martin Claussen (1,2) 
(1) Meteorological Institute, University of Hamburg, Germany 
(2) Max Planck Insitute for Meteorology, Hamburg, Germany 
claussen@dkrz.de 
At present, about 1/3 to ½ of the Earth’s land surface is directly affected by anthropogenic 
land-cover change [1]. According to a number of model estimates, the biogeophysical effects 
of anthropogenic land-cover change (mainly via directly modifying the surface energy 
budget) have presumably led to a global-scale cooling of some 0.1 K to 0.3 K over the last 
millennium [2]. This cooling can be attributed to a decline in annual evaporation and change 
in snow-covered albedo over temperate forests. Biogeochemical effects due to an increase of 
atmospheric CO2 concentration caused by deforestation tend to compensate, in some models 
to slightly overcompensate, the biogeophysical cooling. For the second half of the 19th 
century, cooling is supposed to have dominated such that the Little Ice Age was prolongated 
to some extent [3]. 
Human-induced land-cover change probably began as early as some 8000 years ago with the 
development with a slash-and-burn agriculture. Ruddiman [4] suggested that this early 
anthropogenic land-cover change caused atmospheric concentrations of CO2 and CH4 to 
deviate from their natural declining trends some 8000 and 5000 years ago, respectively. Here, 
it will be shown that the increase in atmospheric greenhouse gases in the middle and late 
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Holocene could have been of natural origin. However, uncertainties in our knowledge, mainly 
in oceanic biogeochemistry, are still to large to fully explained the Holocene trends in 
greenhouse gases [5]. 
Potential future effects of anthropogenic land-cover change on global climate strongly depend 
on the land use scenario. With strong deforestation, global warming due to greenhouse gas 
emissions will be exacerbated mainly because of biogeochemical effects. In a green scenario 
with large-scale re-cultivation and reforestation a similar, albeit smaller warming can be seen 
in climate-system models largely because of biogeophysical effects [6]. 
A final issue concerns the indirect effects of human activities on land-cover which, in turn, 
affect climate such as a possible reduction of Sahara and a possible decay of Amazonian rain 
forest [7,8]. Both regions appear to be “hot spots” in the Earth system, i.e., regions on Earth in 
which a subtle forcing could lead to a strong, disproportional response. 
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The surface energy, water and carbon flux exchange between biosphere-
atmosphere in a two-way coupled model 
Li Dan, Jinjun Ji, Yinpeng Li 
START Regional Center for Temperate East Asia, Institute of Atmospheric Physics, Chinese 
Academy of Sciences, Beijing, 100029, P.R.China 
danli@tea.ac.cn  
The two-way coupling between biosphere and atmosphere has been realized in this paper. 
Both the physical and biological processes of the land surface model AVIM were linked with 
climate in the GOALS GCM. The vegetation with interannual variation was incorporated at 
the land surface of the coupled model. The energy, water and carbon exchange between land 
and air is studied in the coupled model.  
The global sensible heat flux and latent heat flux agrees well the ECMWF reanalysis in the 
spatial pattern. But the maximum surface heat flux is lower than that of the reanalysis, with 
discrepancy magnitude more than 20 w/m2 in some regions. The soil moisture shows the 
general consistency between the simulations and observations in china. The seasonal cycle of 
soil moisture is roughly consistent with the observed data, which is a good calibration for the 
ground simulation capacity of the Atmosphere-Vegetation Interaction Model (AVIM) with 
respect to this tough problem for land surface models. The important variable net primary 
production (NPP) which reflects the annual carbon flux exchange between biosphere and 
atmosphere shows the agreement to the global NPP from the Potsdam NPP Model 
Intercomparison. The highest NPP (>1000 gC m-2yr-1) is found in the humid tropics 
(Amazonia, Central Africa, South-east Asia), and temperate regions have an intermediate 
NPP (500-700 gCm-2yr-1), while the lowest NPP (<200gCm-2yr-1) is found in cold or arid 
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regions where either temperature or precipitation is limiting. The simulation of global 
terrestrial NPP, 53.4 PgC/yr (1PgC=1015gC), is close to the averaged result of the Potsdam 
NPP Model Intercomparison (54.9 PgC/yr) and that reported in other literatures such as 57 
PgC/yr by Cao and Woodward (1998), and within the modeled range of 39.9-80.5 PgC/yr 
(Cramer et al., 1999). 

Fig1. Annual mean net primary production (ANPP), (a) the simulation in the coupled model, (b) the 
ensemble average of the PIK model intercomparison, units: gCm-2yr-1. 

The two-way coupled 
model represents the good 
performance in simulating 
the surface fields for 
physical and carbon 
fluxes, which provides a 
platform to carry out 
researches on the two-way 
interaction between land 
and atmosphere. 
Key words: two-way 
coupled model, AVIM, 
GOALS, surface heat flux, 
soil moisture, NPP  
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Fig.2 The total (above and belowground) NPP from the 
Ecosystem Model/Data Intercomparison (EMDI) results. Class 
B sites represent more numerous "extensive" sites with less 
documentation and site-specific information available. The 
points on the solid line mean the simulation equal to the 
measured NPP. Closer to the straight line, better the simulation.  
Units: gC/m2. 
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NO emissions from soils: a neural network approach. 
Claire Delon(1),  Dominique Serça(1), Richard Dupont(1), Patricia Laville(2), Patricia De Rosnay 
(3), Christophe Boissard(4), Robert Delmas(1) 
(1) Laboratoire d’Aerologie, Toulouse, France 
(2) INRA, EGC, Thiverval-Grignon, France  
(3) CESBIO, Toulouse, France 
(4) LISA, Créteil, France 
delc@aero.obs-mip.fr 
Nitric oxide (NO) emissions from soils represent an important part of total NO emissions 
(around 40%, an amount comparable to fossil fuel combustions, [5]) 
NO emissions from soils have been shown to be influenced by soil water content and soil 
temperature. Indeed, most studies of NO emissions use parameterizations elaborated with 
these two variables, associated with the rate of fertilization [1] or nitrogen content [2], [3]. 
Other factors have been identified as major controllers in field measurements worldwide (pH, 
soil texture, associated vegetation), but are not yet considered together into emission models 
because of their highly non linear relations, as well as their high variability in time and space. 
This study presents a new method of parameterization linking NO emissions and their 
influential parameters (classical variables + new parameters detailed below) in a non linear 
way using a neural network technique. The neural network calculation is optimized through a 
learning process carried out on specific and appropriate databases. In order to be 
representative of different situations, the neural network needs to be developed upon data 
issued from diverse types of climates, soils and ecosystems. We first present the databases 
(locations, contents, specificities). Secondly, we present the results obtained by our network 
step by step: each time a variable is introduced in the calculation, we evaluate the network 
performance by comparing several selection criteria (in order to improve the network 
performance), and we justify the use of this variable with literature references. NO fluxes 
were found to be described using 7 variables, namely: soil surface temperature, surface 
WFPS, soil temperature at depth 20-30 cm, fertilization rate, sand percentage in the soil, pH, 
and wind speed. The resulting equation is then introduced in the SVAT (Surface Vegetation 
Atmosphere Transfer) model, ISBA-Ags [4]. Modeled results are compared with 
experimental measurements collected in Hombori (Mali) during the AMMA campaign (see 
Figure 1). Estimated fluxes agree quite well with experimental fluxes, showing the capability 
of the SVAT to reproduce a slight increase in NO emission after the rain (moisture 
stimulation). 
This equation will be introduced in a 3D Chemistry Transport model (Meso-NH-Chemistry) 
coupled to ISBA, and preliminary results of NO biogenic emissions impact on tropospheric 
ozone formation and NOx concentrations in the Gourma region (Mali) may be presented if 
available. 
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Fig 1. NO flux measurements (in black) collected in Hombori from 30 June to 15 July 2005, compared 
to NO flux simulations obtained using a SVAT model (grey plot) for the same period. Rain events are 
shown in grey dashed line.  
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Simulation of nitrogen balance in soil and water 
Alaa El-Sadek 
K.U.Leuven, Hydraulics laboratory, Faculty of Engineering, W. de Croylaan 2, B-3001 Heverlee, 
Belgium 
Denitrification is the process by which nitrate-nitrogen is converted to nitrogen gas by soil 
microorganisms when soil oxygen is low or absent. The process of denitrification is important 
in preventing high agriculture-source nitrate loads from entering and polluting rivers. The aim 
of the research was to examine if the NO3-N concentration in drain water of agricultural fields 
can be kept below the EU limit of 11.3 mg l-1 by controlling the denitrification process 
through management of the water table level. As such the research focused on the 
determination of the exact denitrification amount to achieve both, limitation of the NO3-N 



335 

leaching and optimisation of the nitrogen-nitrate uptake by the crop. The method used in this 
study is based on the nitrogen version of DRAINMOD model. This model was used to 
simulate the performance of the drainage system using two drainage strategies (conventional 
and controlled) at the Hooibeekhoeve experiment, situated in the sandy region of the Kempen 
(Belgium), and this for a 14-year (1985-1998) period. In the analysis a continuous cropping 
with maize was assumed. Daily NO3-N losses were predicted for a range of drain spacings. 
The study illustrated that the denitrification process has a very strong impact on the amount of 
nitrate that can be leached to ground and surface waters. The results have also shown that if 
the water table elevation is properly controlled, one should be able to strike the delicate 
balance between our need for maximum yield production and a minimum hazard to our 
environment.  

Biogenic contributions to methane trends from 1990 to 2003 
Arlene M. Fiore (1) ,  Larry W. Horowitz (1), Ed J. Dlugokencky (2),  J. Jason West (3) 
(1) NOAA Geophysical Fluid Dynamics Laboratory, Princeton, NJ 
(2) NOAA Climate Monitoring and Diagnostics Laboratory, Boulder, CO 
(3) Program in Atmospheric and Oceanic Sciences, Princeton University, Princeton NJ 
Arlene.Fiore@noaa.gov 
Recent work indicates that CH4 emission controls are a cost-effective strategy for abating 
global surface ozone pollution, while simultaneously slowing greenhouse warming (1). 
Effective implementation of CH4 emission controls demands a thorough understanding of the 
atmospheric CH4 cycle.  Sources of CH4 include wetland, anthropogenic (ruminants, energy, 
rice, landfills, wastewater), and biomass burning emissions; the major CH4 sink is reaction 
with the hydroxyl radical.  Future scenarios project growth in anthropogenic CH4 emissions, 
and wetland emissions may increase in a warmer, wetter climate.   
We conduct transient full chemistry simulations with the MOZART-2 global tropospheric 
chemistry model (2), driven by NCEP meteorology from 1990-2003 and different estimates of 
CH4 emissions.  The model includes feedbacks between CH4 and the hydroxyl radical and is 
unconstrained by observations, enabling a quantitative evaluation with surface observations 
(e.g., 3).  Results are presented for three simulations: (i) constant 1990 emissions (STD), (ii) 
annually-varying anthropogenic (ANTH), and (iii) annually-varying anthropogenic plus 
biogenic emissions (ANTH+BIO).  The STD simulation includes 308, 35, and 214 Tg CH4 yr-

1 for anthropogenic (4), biomass burning (2), and biogenic ((2) scaled to (5)) emissions, 
respectively.  The ANTH simulation uses 1990 and 1995 EDGAR v.3.2 (6) and 2000 “FAST-
TRACK” (FT2000) (7) emissions.  In the ANTH+BIO simulation, we add annually-varying 
wetland emissions for 1990-1998 (5) and the mean 1990-1998 climatology for later years; 
wetland emissions are minimum in 1992 (205 Tg CH4 yr-1) and maximum in 1998 (266 Tg 
CH4 yr-1).  Wetland emissions in the ANTH+BIO simulation shift from the high northern 
latitudes towards the tropics relative to STD and ANTH (Figure 1a), consistent with inverse 
model results (e.g., 8).      
The observations show distinct seasonal cycles that are largely captured by the STD 
simulation, except for the severe overestimate at high northern latitude sites (Figure 2).  Much 
of the observed rise in CH4 during the early 1990s is reproduced in the STD simulation 
(Figure 2), and we attribute most of this trend to meteorologically-driven changes in the CH4 
sink (not shown).  Both the simulated interhemispheric gradient and the correlation with 
observations improve considerably in the ANTH+BIO case (Figures 1b and 2).  This 
simulation, however, underestimates CH4 at northern low to mid-latitude sites (e.g. Guam in 
Figure 2), suggesting that the original MOZART-2 wetland emissions may be more accurate 
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at these latitudes.  Large ANTH+BIO wetland emissions in 1998 increase the simulated CH4 
concentrations in ensuing years, particularly at far southern sites (Figure 2).  This result is 
consistent with prior work attributing the observed 1998 CH4 anomaly to unusually large 
wetland emissions in response to the warm temperatures and high precipitation during the 
transition from a strong El Nino to La Nina (3, 8).  We conclude that observed CH4 
concentrations are highly sensitive to the spatial and temporal distribution of wetland 
emissions.  Studies projecting future radiative forcing and air quality should consider changes 
in CH4 emissions from wetlands.   
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Figure 1:  (a) Latitudinal distribution of total 1990 CH4 emissions applied in MOZART-2, and (b) 
annual mean 1995 CH4 concentrations at NOAA CMDL stations, for the STD (plus sign), ANTH 
(triangle), and ANTH+BIO (crosses) simulations, and observations (circles). 

 
Figure 2: Monthly mean CH4 (ppbv) at selected NOAA/CMDL sites: observed (lines and circles) and 
MOZART-2 STD (+), ANTH (triangles) and ANTH+BIO (X; ends in 1999 as simulation is in 
progress). Model mean bias (b) and correlation coefficient (r) are also shown.   
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Soil moisture – atmosphere interactions during the 2003 European summer 
heatwave 
Erich Fischer, Sonia Seneviratne, Daniel Luethi, and Christoph Schaer 
Institute for Atmospheric and Climate Science, ETH Zürich, Switzerland 
erich.fischer@env.ethz.ch 
A record-breaking heatwave affected the European continent in summer 2003, causing 
between 22,000 and 35,000 deaths and large financial losses due to crop shortfall and forest 
fires [1,2,3]. The physical processes and the sequence of feedbacks during the formation of 
heatwaves involve substantial uncertainties. 
Here we use the regional climate model CHRM to identify key processes and feedbacks that 
contributed to the occurrence and persistence of this heatwave. In particular, we investigate 
the role of the synoptic-scale circulation and soil hydrology and their interaction and feedback 
processes. Sensitivity experiments are performed by perturbing spring soil water in order to 
determine its influence on the formation of the heatwave. A multi-year regional climate 
simulation for 1970–2000 using the same model set-up is used as reference and validation 
period. The simulations are driven by lateral boundary conditions and sea-surface 
temperatures from the ECMWF operational analysis and reanalysis (ERA-40), thereby 
prescribing the large-scale circulation. 
The exceptionally high temperatures in summer 2003 were initiated by anticyclonic 
atmospheric circulations that enabled a dominance of the local heat balance over Europe [4]. 
Strong positive radiative anomalies and a large precipitation deficit in the months preceding 
the extreme summer event contributed to a rapid loss of soil water, which exceeded the multi-
year average by far. The lack of moisture resulted in strongly reduced evapotranspiration and 
latent cooling during the 2003 heatwave. The evaluation of the experiments with perturbed 
spring soil water shows that this quantity is an important parameter for the evolution of the 
European summer climate. Simulations indicate that moderate spring soil water anomalies 
may account for more than 2°C surface temperature differences during summer 2003. 
Moreover, negative soil water anomalies are revealed to influence the tropospheric circulation 
by forcing a surface heat low and strengthening the positive height anomaly in the mid-
troposphere, pointing towards a positive feedback mechanism between surface conditions and 
atmospheric circulation. 
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Assessing the seasonal cycle of simulated photosynthesis using carbonyl 
sulfide (COS) at a continental mixed forest site 
 Sheri L. Conner Gausepohl(1), A. Scott Denning(1), Joe Berry(2), Stephen A. Montzka(3), Ian 
Baker(1), John Kleist(1) 
(1) Colorado State University, United States of America 
(2) Carnegie Institution of Washington, Stanford, California, United States of America 
(3) NOAA Climate Monitoring and Diagnostics Laboratory, United States of America 
sheri@atmos.colostate.edu 
Simulated hourly global atmospheric CO2 for the years 2000 and 2001 exhibit a systematic 
error in the seasonal cycle of simulated Net Ecosystem Exchange (NEE) in the Northern 
Hemisphere mid-latitudes, characterized by early spring drawdown of CO2 relative to the 
observations.  We have evaluated the simulation of carbonyl sulfide (COS) in SiB3, a land-
surface model, at a continental mixed-forest site to separately assess seasonal variations in 
simulated photosynthesis and ecosystem respiration. Preliminary results of our simulation at 
the WLEF tall tower in Wisconsin, US show that the calculation of photosynthesis (rather 
than ecosystem respiration) is the primary cause of the systematic error in the simulated 
seasonal cycle of atmospheric CO2. 
The seasonal cycle of NEE, as simulated by Colorado State University’s Simple Biosphere 
Model v. 3.0 (SiB3) [Sellers et al., 1996, Baker et al., 2003], a land-surface parameterization 
using satellite vegetation, with improved treatment of soil hydrology and soil and snow-pack 
thermal properties, as well as prognostic canopy temperature, moisture, CO2 and isotopes, is 
shifted by several weeks compared with the observed seasonal cycle at many Northern 
Hemisphere mid-latitude sites.  Identifying the mechanisms causing this shift is difficult as 
sources of CO2 in the biosphere (autotrophic (plant) and heterotrophic (microbial) respiration) 
are convolved with sinks (photosynthesis) due to their similar dependencies on temperature 
and moisture.   
COS is consumed in plant tissues by a reaction catalyzed by carbonic anhydrase, an enzyme 
that catalyzes the decomposition of COS into CO2 and H2S in leaf mesophyll cells.  
Kesselmeier [Sandoval-Soto et al., 2005] has shown that COS uptake by vegetation follows a 
pathway through the stomata of leaves similar to that of CO2 in photosynthesizing plants; 
however, there appears to be no corresponding source of COS in leaves. Thus, COS behaves 
as a tracer of stomatal conductance and gross photosynthesis over land surfaces. In addition, 
recent work by Montzka and Tans [2004] has shown that the amplitude of the seasonal cycles 
of COS and CO2 are strongly correlated in the Northern Hemisphere mid- and high-latitudes. 
Thus, the ratio of COS uptake to CO2 uptake should provide a sensitive indicator of the ratio 
of photosynthesis to respiration. 
Also, studies by Montzka and others indicate that the background concentration of COS in the 
atmosphere is fairly stable (circa 500 parts per trillion) and that it should be possible to 
integrate a model of the biogeochemical cycle of COS with that of CO2. 
Based on this research, we have performed a case study simulating COS at a well-observed 
temperate continental site (the WLEF tall tower in Wisconsin, US) using SiB3 to evaluate the 
simulated timing of spring (i.e., the seasonal change in the difference between the [COS] in 
the free troposphere and the mixed layer) versus the observed, using flask data for 2000 - 
2005.  In this pilot study, we are simulating the primary sink of COS (i.e., plant uptake) in a 
location far removed from its primary source (i.e., oxidation of marine biomass) [Andreae and 
Crutzen, 1997].   
As shown in Figure 1, simulated surface exchanges of COS systematically led those derived 
from observations by several weeks in the spring, indicating that the simulated initiation of 



339 

photosynthesis, rather than the timing of ecosystem respiration, is the primary cause of the 
systematic error in the simulated seasonal cycle of the flux of CO2.  Preliminary investigation 
into the difference in the magnitudes of the calculated seasonal cycles of COS in 2000 versus 
2001 indicate that they may be attributed to stronger/deeper mixing in the boundary layer 
and/or processes not represented in the model. 
The results of this work indicate that measurement and modeling of COS could provide a new 
window on the carbon cycle by providing insight into the terrestrial biosphere sinks of CO2 
and an additional constraint on the mechanisms that control these sinks. 
 

Fig 1.  Calculated (solid line) versus simulated (dashed line) COS fluxes at the WLEF tall tower in 
Wisconsin, US for the years 2000 and 2001. 
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Comparison of land surface temperature from moderate-resolution 
imaging spectroradiometer (MODIS) and regional atmospheric modeling 
system (RAMS) in East Africa 
J. Ge, N. Moore, J. Andresen, N. Torbick, J. Qi 
Department of Geography, Michigan State University, East Lansing 
Land surface temperature is an important climate variable related to surface energy balance and the 
integrated thermal state of the atmosphere within the planetary boundary layer (PBL). This paper 
compares by land cover type temporal and spatial variations of MODIS land surface temperature 
(LST) with that from the Regional Atmospheric Modeling System (RAMS) in the wet season of East 
Africa. RAMS LST is constructed by temperatures of three surface components in the model: canopy, 
bare soil and water, according to their fractional areas in a grid cell. On average, the model is capable 
to capture the spatial pattern of LST: vegetated area is much cooler than non-vegetated and sparsely 
vegetated areas. Soil moister has a predominant role on LST. RAMS predicts LST well at the 
beginning of wet season but overestimates LST as soil moisture increases with precipitation. The 
impact of land cover datasets on LST is also examined by comparing simulations using default land 
cover and newly developed MODIS land cover and Global Land Cover 2000 (GLC2000).  The effect 
of land cover classification on LST is primarily decided by type-based biophysical parameters defined 
in BATS. For land cover types having similar biophysical values, the simulated LSTs are close. But 
for land cover types with large differences in biophysical parameters, such as grassland and open 
shrubland, their LSTs are significantly different. As a result, GLC2000 predicts LST much better than 
the other two in areas south to the Lake Victoria. 

Assimilative land surface modeling: an integration of prognostic simulation 
and data assimilation 
Lianhong Gu (1), David Schimel (2) 
(1) Environmental Sciences Division, Oak Ridge National Laboratory, Oak Ridge, TN 
(2) National Center for Atmospheric Research, Boulder, CO 
During the last two decades or so, land surface modeling has been focusing on improvement 
of mathematical representation of important physical and biological processes governing mass 
and energy flux exchanges with the atmosphere. These efforts have led to development of 
sophisticated land surface models. One of the major limitations to the application of current 
land surface models is the unavailability of necessary land surface state and process 
parameters. Without these parameters, land surface models cannot accurately predict land 
surface fluxes even if they have perfect representation of all underlying physical and 
biological processes. However, these parameters are often difficult or costly to measure and 
may change with time and space. The development of eddy covariance flux networks over the 
world offers a potential to overcome this bottleneck through what we call Assimilative Land 
Surface Modeling (ALSM) approach. The assimilative land surface modeling approach is an 
integration of prognostic simulation and data assimilation. In an ALSM model, necessary land 
surface parameters are estimated from observed fluxes through optimization and used as 
inputs to forward model run. Parameters are continuously updated as long as observations 
with sufficient information content are available; otherwise the model conducts prognostic 
runs with existing information. With such a framework, normal meteorological variables and 
any observation that contains information about land surface states and processes can all be 
viewed as forcing to the model. We will use results from recently developed flux assimilation 
models to demonstrate how this concept can be implemented and how to represent 
observations in ALSM models. 



341 

Parameter estimation in a land-surface model using atmospheric data 
assimilation: finding distributions for use in an ensemble prediction system 
Joshua P. Hacker (1) and Mariusz Pagowski (2) 
(1) National Center for Atmospheric Research, Research Applications Laboratory, Boulder, CO, USA 
(2) National Oceanographic and Atmospheric Administration, Forecast Systems Laboratory, and 
Colorado State University, Cooperative Institute for Research in the Atmosphere, Boulder, CO, USA 
hacker@ucar.edu 
To account for uncertainty in parameters of a land-surface model (such as surface albedo, surface 
emissivity, soil volumeric heat capacity) this study constructs and interprets distributions of these 
parameters in land-surface parameterization schemes in a column model that is assimilating near-
surface atmospheric observations. The goals are to determine which parameters are most sensitive to 
observations and whether they demonstrate distributions that could be exploited in an ensemble 
forecasting system.  TKE-based and bulk boundary layer schemes, and a simple land surface model, 
are implemented in a column model to simulate the behavior of a mesoscale NWP model.  
Observations from the Atmospheric Radiation Measurement (ARM) program Southern Great Plains 
Central Facility near Lamont, OK, are assimilated with an ensemble filter.  Parameters in the scheme 
are treated as stochastic variables, and their distributions are estimated by including them in the state 
vector during assimilation.  The combined assimilation/column system has different sensitivities than 
a free-running column system.  Some of those distributions can be easily characterized and sampled to 
form a stochastic-dynamic ensemble forecasting system, while others are not easily established and 
may prove more effective when fixed. 

Land-atmosphere interactions exhibited by coupled carbon-cycle climate 
models 
Forrest Hoffman (1), Peter Thornton (2), Inez Fung (3), W. Mac Post (1) 
(1) Oak Ridge National Laboratory, Oak Ridge, TN 37831-6016 USA 
(2) National Center for Atmospheric Research, Boulder, CO 80305 USA 
(3) University of California, Berkeley, Berkeley, CA 94720-4767 USA 
forrest@climate.ornl.gov 
Two terrestrial biogeochemistry modules—CN by Thornton and CASA' by Fung, et al.--have 
been coupled to the Community Land Model Version 3 (CLM3), the land component model 
contained in the Community Climate System Model Version 3 (CCSM3).  A third terrestrial 
biogeochemistry module called IBIS (the Integrated Biosphere Simulator) by Foley, et al., is 
presently being coupled to CLM3 to further explore land-atmosphere interactions specific to 
the global carbon cycle within the CCSM framework.  A detailed model intercomparison 
project has been undertaken by the CCSM Biogeochemistry Working Group to elucidate the 
differences among these biogeochemistry modules in an effort to understand the terrestrial 
processes important to modeling the carbon cycle in a fully coupled Earth system model.  It is 
expected that  this project will result in a terrestrial model for use in future IPCC simulations.  
Presented will be early results from offline and partially coupled simulations of these 
terrestrial biogeochemistry modules with and without land cover change, fossil fuel 
emissions, and ocean carbon flux forcings over the 19th and 20th centuries. 
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Importance of land-atmosphere coupling in the occurrence of dry spells in 
Europe 
Bart van den Hurk  
Royal Netherland Meteorological Institute KNMI, PO Box 201, 3730 AE  De Bilt, Netherlands 
hurkvd@knmi.nl 
It is argued that the onset of anomalously dry spells in Europe are triggered by anomalies in 
the atmospheric circulation pattern, but that the extent and intensity of the dry anomaly is 
governed by land-atmosphere feedback processes. This study uses a model framework in 
which the hydrological coupling between land and atmosphere is represented in a simple 
conceptual scheme, along the lines of Entekhabi et al (1992) and others. In this scheme 
precipitation is treated as a process acting in response to available water: a combination of 
large scale advection and local evaporation, depending on available radiation and soil 
moisture. A stochastic differential equation is used to construct probability distributions of 
anomalously dry episodes.  
In this study it is explored how this probability distribution depends on the formulation of 
various dependencies, including the relation between soil moisture and evaporation and 
between precipitation and available water. The system is calibrated to Central-European 
climatologies of advection, radiation and soil water content, derived from multi-year 
simulations with a regional climate model system. It is argued that the shape of the prescribed 
dependencies has a major influence on the likelihood to enter a persistent dry spell. Better 
understanding of these dependencies may affect our view on the effect of climate change on 
the likelihood of extreme dry conditions in Europe. 
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Model estimation of soil exchange of trace greenhouse gases in a cool-
temperate deciduous broad-leaved forest in Japan 
Motoko Inatomi (1) , Akihiko Ito (1), Shigenobu Toda(2), Hiroki Kaneko(2), Hiroshi Koizumi(3) 
(1) Frontier Research Center for Global Change, Japan 
(2) Shinsyu University, Japan 
(3) Gifu University, Japan 
inatomi@jamstec.go.jp 
Evaluating atmosphere-ecosystem exchange of trace greenhouse gases except carbon dioxide 
(i.e. methane and nitrous oxide) is an important task for model researchers, because these 
gases play a substantial role in the climate system due to their strong radiative forcing effect. 
Only few studies have addressed the combined greenhouse effects by carbon dioxide (CO2), 
methane (CH4), and nitrous oxide (N2O), in Japanese forest areas. In this study, a process-
based model simulating atmosphere-forest exchanges of CO2, CH4 and N2O were developed 
and applied to a cool-temperate deciduous broad-leaved forest in Takayama, central Japan 
(36°08'N, 137°25'E, 1420m ASL). Models of CH4 oxidation and N2O emission [2, 3] were 
introduced into to a revised terrestrial ecosystem model Sim-CYCLE, which is a simple box-
type carbon cycle model simulating net ecosystem CO2 exchange on the basis of 
ecophysiological relationships (Fig. 1). Using the model, photosynthetic and respiratory CO2 
fluxes were simulated during the periods from 1948 to 2004 at daily step using time-series 
climate data. The rates of CH4 oxidation and N2O emission by nitrification and denitrification 
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were assumed to be functions of temperature and moisture conditions, as well as substrate 
availability [2, 3].  
 

 
Fig. 1 Concept of Sim-CYCLE including CH4 and nitrogen cycle. 

The rates of CH4 oxidation and N2O emission at the Takayama site were simulated, on 
average, 1.69 g CH4 m–2 yr–1and 0.04 g N2O m-2 yr-1, respectively (Fig. 2). The moderate rate 
of CH4 oxidation and very low N2O emission rates were consistent with a few observations. 
When these were multiplied by CO2-equivalent greenhouse effect, or global warming 
potential (GWP, 23 for CH4 and 296 for N2O, for 100 years), CH4 oxidation and N2O 
emission were converted to 38.9 g CO2 m–2 yr–1 of net sink and 13.2 g CO2 m-2 yr-1 of net 
source. Thus, because this forest was estimated as a net CO2 sink of 770 g CO2 m–2 yr–1 by the 
flux measurement [4], the estimated CH4 oxidation increased by 1.4% and N2O emission 
decreased by 1.7% the net greenhouse effect by the forest. Although the contributions by CH4 
and N2O fluxes seems small at the Takayama site, it is needed at broad scales to include the 
budgets of these gases for discussing about forest sink activities related to the Kyoto Protocol 
and will be required for performing climate projection with high accuracy. In forthcoming 
studies, we will improve the model so as to include full nitrogen cycle processes and 
methanogenesis, and apply the model to other forests and biomes. 

Fig. 2 Result of CH4 oxidation and N2O emission in model simulation. 
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Simulation of CO2, sensible and latent heat fluxes exchange between land 
surface and atmosphere over cropland and grassland in semi-arid region 
Jifeng Jiang(1), Xiaodong Yan(1), Yao Huang(2), Weidong Guo(1), Huizhi Liu(2) 
(1) Key Laboratory of Regional Climate-Environment for Temperate East Asia, Institute of 
Atmospheric Physics, Chinese Academy of Sciences; START Regional Center for Temperate East 
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The Integrated Biosphere Simulator (IBIS) is one of the most sophisticated models in 
simulating terrestrial biosphere processes based on dynamic vegetation schemes [1-2]. For the 
purpose of validating IBIS in semi-arid region and eventually improving the model’s 
capability for specific land cover types in China [3-4], a simulation for the whole 2003 year was 
conducted over cropland and degraded grassland underlying surfaces in Tongyu field 
observation station(44°25′N, 122°52′E) in Jilin Province of China, which is one of the 
reference sites of international Coordinated Enhanced Observing Period(CEOP). Model 
inputs include the site ecosystem characteristics and main meteorological variables. 
Comparisons between simulated land surface fluxes and observed eddy covariance(EC) 
measurements(Fig.1-3) show that the model is capable of reproducing CO2, sensible and 
latent heat fluxes indicated by correlation coefficients exceeding the significant level of 0.05 
(Table1). In general, CO2 flux and sensible heat flux have obvious diurnal and seasonal 
variation both at the grassland and the cropland, while the latent heat flux, which is related to 
evapotranspiration, only has diurnal variation during the growing season. Meanwhile, all 
fluxes at the cropland are larger than those at the degraded grassland, especially in the 
growing season, and one of possible reasons for these is that crops grow much better than 
degraded grass. The model generally estimates greater annual CO2 (overestimating 23.31% in 
the grassland and 21.33% in the cropland) and sensible heat flux (with corresponding percents 
9.39% and 9.98%), and lower annual latent heat flux (underestimating 5.76% and 4.53%, 
respectively) than measured by EC. And the simulations for the cropland are better than those 
for the grassland, with more reasonable model-measurement agreements (Table1). 
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Which physical processes cause the enhanced land warming in equilibrium 
global warming scenarios? 
Manoj Joshi (1), Jonathan Gregory (2), Tim Johns (1), David Sexton (1), Mark Webb (1) 
(1) Hadley Centre for Climate Prediction and Research, Met Office, UK 
(2) Centre for Global Atmospheric Modelling, University of Reading, UK  
manoj.joshi@metoffice.gov.uk 
Simulations of equilibrium climate change using atmospheric models coupled to mixed-layer 
oceans show the land warming by a factor of 1.5-2 times more than the ocean, thus increasing 
the climate sensitivity of the whole globe by 15-30%. The phenomenon is different to the 
enhanced land warming displayed by fully coupled ocean atmosphere models, which is a 
result of the relatively low thermal inertia of the land compared to the ocean. The 
phenomenon occurs at both high and low latitudes, indicating that causes other than the snow-
albedo feedback are responsible. It also appears to be independent of the size of the climate 
perturbation imposed [1]. We have conducted simulations and analysis using two general 
circulation models in order to examine which physical processes are most important in 
determining the strength of the enhanced land warming. 
We have conducted an analysis of an ensemble of HadSM3 model runs in which poorly 
constrained model parameters are varied one at a time [2] to examine which parameter 
perturbations have the largest effect on the land temperature increase. Parameters that affect 
soil moisture and boundary layer humidity and cloud are found to have the largest effect on 
the enhanced land warming. 
We have also analysed simulations of the new Hadley centre atmosphere-only model 
HadGAM1 in which SSTs are raised by 4K everywhere- there is no explicit radiative forcing 
of any kind. The average temperature increase of the land surface is 5.8K, showing that the 
global-scale horizontal transport of moisture and heat is at least as important a contributor to 
the land/sea contrast as local feedbacks over land. We present the outline of a mechanism that 
might explain the enhanced land warming in the context of the experiments conducted above. 
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Interaction of soil biota, vegetation in managed ecosystem and their 
potential role in carbon sequestration 
Asha A. Juwarkar, Sukumar Devotta and G. Phani Kumar 
National Environmental Engineering Research Institute (NEERI), 
Nehru Marg, Nagpur – 440020 (INDIA) 
Tel No. +91 – 0712 – 2249764  
Fax No. +91 – 0712 – 2249900   
aajuwarkar@rediffmail.com 
Carbon sequestration can be defined as the net removal of CO2 from the atmosphere into long 
lived pools of carbon.  Pools are storage of carbon in the vegetation cover, such as above and 
below ground biomass; organic and inorganic carbon in soil; and deeper subsurface 
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environments. Each pool contains a quantity of C that is referred to as the ‘stock’.  The 
terrestrial carbon cycle is dependent on several interrelationships between plants, microbes 
and soil.  
The ability of vegetation/crop/forest to store and sequester atmospheric carbon is well known 
and established. Indeed, forests represent the largest global terrestrial store of carbon, 
containing approximately 39% of global soil carbon and 77% of global vegetation carbon. 
However there is potential of managed forests to mitigate carbon emissions by carbon 
sequestration or expanding the storage of C.  
The terrestrial forest biomass in managed ecosystems can be increased through integration of 
beneficial microorganisms with the tree species and management of soil fertility.  It directly 
increases the plant biomass as well as organic carbon of vegetation. In mine/heavy metal 
contaminated areas, low frequency of natural vegetation usually present. In such highly 
contaminated sites, vesicular arbascular micorrhyza (VAM) and some microorganisms like 
Rhizobium, Azotobacter can enhance vegetation with high vigor and large biomass, through 
managed ecosystems. It means microbial enhanced plantations will have large potential for 
carbon sequestration.  Studies carried out at NEERI, Nagpur, India has demonstrated the 
above facts.   
It is evident that forests, soil biota and land-use play an important role in the global carbon 
cycle and climate change.  A clear understanding of this role is vital to understand the 
interactions in the system. However, with reforestation and restoring carbon-to-carbon 
depleted wastelands and adopting suitable measures for ecological rehabilitation of these 
degraded lands, it is possible to increase carbon levels of wastelands. In India, available 
wastelands are around 3.5 m ha. Reforestation of these wastelands with suitable tree, grass 
species and microbial strains can sequester 0.84 and 1.06 P g of carbon in vegetation and soil 
respectively. Present paper focuses the comparative capacity of natural CO2 sequestration and 
soil microbe enhanced terrestrial carbon sequestration in managed forest system. 

Three-dimensional distribution of photosymthetically active radiation and 
its effect on forest canopy photosynthesis 
Hideki Kobayashi (1) ,  Dennis G. Dye (1) 
Ecosystem Change Research Program, Frontier Research Center for Global Change,  
Japan Agency for Marine-Earth Science and Technology, Japan 
Corresponding author: Hideki Kobayashi (hkoba@jamstec.go.jp) 
Recently flux observation and modeling studies have suggested that the increase in diffuse 
photosynthetically active radiation (PAR) enhances forest canopy photosynthesis (e.g. [1], 
[2], [3]). The mechanism of this effect can be explained that incident diffuse PAR is 
efficiently distributed throughout the whole canopy leaves and therefore many leaves can 
contribute to the canopy-scale photosynthesis. On the other hand, direct PAR is inefficiently 
concentrated on only a small portion of canopy leaves where light saturation can reduce the 
canopy-scale photosynthesis and light-use efficiency. Cohan et al. (2002) [3] investigated this 
issue in various atmospheric aerosol optical thickness (AOT) and cloud optical thickness 
(COT) conditions. However they did not consider angular dependency of incident PAR 
distribution in their simulation. In the low or medium-level AOT cases, most of diffuse PAR 
is concentrated around the solar disc. In such conditions, the effect of photosynthesis 
enhancement may be less significant than the case of uniformly distributed diffuse PAR 
Moreover change in spectral composition of diffuse PAR may affect the canopy 
photosynthesis because aerosols and clouds scatter more photons at long wavelengths (red 
region) than molecular scattering, and the photon energy of longer wavelength radiation (red) 
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is smaller than shorter wavelength (blue). This 
phenomenon suggests that in addition to causing 
an efficient spatial distribution of photons within 
the canopy, scattering by clouds and aerosols 
also enhances canopy photosynthesis by 
delivering additional photons pπer unit of 
energy in the diffuse PAR flux [4]. 
In this study, we examine the PAR regime and 
canopy photosynthesis relationship using a 
three-dimensional canopy radiative transfer 
model.  We based on a Monte Carlo method. 
The canopy, branch and stem components were 
expressed by geometrical objects such as 
cylinders, cones, and ellipsoids. In the forest 
scene, photon intensity was sampled in each 
scattering event within the canopy object and 
then photosynthesis was calculated. Figure 1 
shows the results of spatial variations in 
absorbed PAR (APAR) in the canopy. Model 
parameters used in this simulation are 
summarized in Table 1. Figure 1 (b) and (c) 
show the APAR variations in different angular 
distribution in incident PAR condition. In case 
of Figure 1 (b), APAR variation in the canopy is 
more homogeneous than that in Figure 1 (c). 
These results demonstrated that spatial APAR 
distribution depends on the hemispherical distribution characteristics of atmospheric PAR 
regime even though the fraction of diffuse PAR does not vary. These results suggest the 
detailed knowledge of relationship between AOT/COT and APAR/canopy photosynthesis 
may be necessary for the reliable modeling of the forest canopy photosynthesis. 
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Table 1. Forest canopy and geometric parameters used in this study. 
Parameter Value 
Tree height 5-20m 
Crown radius 0.5-2.0m 
Crown shape Ellipsoid 
Tree density 2200 tree/ha 
Leaf area density 0.75 m2/m3 
Leaf reflectance 0.8 
Leaf transmittance 0.5 
Solar elevation 30 degree 
Diffuse PAR ratio 0.0, 0.5 

Figure 1. Spatial variations in absorbed 
photosynthetically active radiation in 14-
15m layer. Solar elevation is 30o, (a) 
diffuse PAR=0%, (b) diffuse PAR=50%, 
diffuse PAR is uniformly distributed, (c) 
diffuse PAR=50%, diffuse PAR is 
concentrated within 30o of solar 
direction.
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Evapotranspiration models by different methods over semi arid region of 
India 
Kumar Manoj and Pandey Vyas 
B.A. College of Agriculture, Anand Agricultural University, Anand – 388 110 (INDIA) 
Msinha_09@yahoo.com 
Estimation of evapotranspiration (ETo) is of great importance for the management of present 
and future water resources, for solving many theoretical problems in the field of hydrology 
and meteorology. To provide adequate irrigation water to the crops through growing media 
(soil), with minimum water loss and maximum water use efficiency are needed to be 
monitored properly. Hence, computation of reference evapotranspiration with available 
climatic data is the immediate tools for irrigation planners, researcher to design storage 
reservoir which can give maximum benefit. As per estimate of United Nations and World 
Bank (Anonymous 2000), 70% of the world food demand towards 2025 has to be provided 
through irrigated area. Campbell (1977) and Eageson (1978) have provided good description 
of the primary variables determining evapotranspiration. There are many methods reported by 
Doorenboss and Pruitt (1977), Hargreaves and Samani (1985), have compared different 
evapotranspiration model. Keeping in view the complexity, accuracy and data requirements 
prediction methods an attempt has been made to develop a regional model for estimation of 
Reference Evapotranspiration (ETo) for semi arid region of Gujarat, India. The basic climatic 
data was collected from Meteorological Observatory, Anand agricultural University, Anand 
(Lat.22°35’N, Long.72°55’E, Alt. 45.1m AMSL) for the year 1958-2004. It comes under the 
semi arid climate. 
Selection of methods for estimation of reference evapotranspiration 
The primary choice for selection of particular method for estimation of ETo depends on 
degree of accuracy needed, physics of parameters used in the method, availability of 
meteorological parameters and last but not least simplicity of the calculation procedure. Based 
on above criteria nine methods have been selected for the estimation of ET estimates. The 
methods selected for estimation of evapotranspiration includes Blaney-Criddle, Radiation, 
modified Penman, pan evaporation, Penman-Monteith, Christiansen, Turc, and Thornthwaite, 
Makkinks, and Hergreaves methods. 
Estimation of reference evapotranspiration 
Nine standard methods as mentioned above were used to estimate ETo. After giving due 
consideration to the merits and applicability of different methods, normal ETo were obtained 
for the study area . The normal ETo (as standard value) were then used to develop regional 
model of ETo for semi arid zone of  Gujarat. 
Monthly and Daily ETo  
Mean monthly daily ETo observed by the pan evaporation was 4.6 mmday-1. The ETo 
computed by Makkink & Fao 24 Radiation Methods (1957 & 1977) was underestimated (3.0 
and 2.9 mmday-1 respectively), whereas overestimated in Thornthwaite (5.0 mmday-1), 
Hergreaves (5.1 mmday-1), Modified Penman (6.4mmday-1), Modified Chritiansen 
(8.8mmday-1), and Turc (9.8 mmday-1) methods, respectively. ETo computed by water 
balance method was accurate and was found 4.6 mmday-1. During rainy season due to high 
relative humidity and lower temperature, the daily as well as monthly ETo lowered down and 
during these months i.e. during June, July, August and September. During these months high 
degree of relative humidity, minimum day/night temperature difference and very low wind 
speed (1.4-1.6 ms-1) caused low evaporation rate. Similar situation was observed in the month 
of November, December and January (Fig.1). 
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Fig. 1 : Comparison of normal daily and monthly potential evapotranspiration by different methods  
at Anand  

Sensitivity of different methods with actual potential evapotranspiration has been shown in  
Table.1, which is self explanatory.  
 
Table.1: Regression coefficients of daily ETo between Pan ETo and other methods 
ETo method Intercept Slope R2 (%) 
Modified Christiansen - 1.0228 2.1388 97.5 
Hergreaves 1.8555 0.7077 96.5 
Water Balance 0.276 0.9383 95.0 
Modified Penman 3.1524 0.6939 82.3 
Makkink & Fao 24 
Radiation  

0.8349 0.4698 65.8 

Blaney Criddle 3.9431 0.8211 62.7 
Thornthwaite -0.7479 1.2437 53.5 
Turc 7.485 0.5078 29.4 
 
Sensitivity of meteorological parameter for developed model 
Each individual meteorological parameter has its own contribution towards 
evapotranspiration. So the effect of individual climate parameter was also studied in 
insolation and other combination, and different sets of equations have been developed for 
estimation of ETo. 
The individual meteorological parameters RH, VP & BSS are not affect evapotranspiration 
directly as indicated by their multiple ‘r’ values i.e. -0.37, -0.17 and 0.43 respectively. Mean 
temperature wind speed governing factors in arid areas to determine the evapotranspiration. 
Combinations of temperature and wind velocity; temperature, wind velocity and insolation; 
wind speed, temperature, humidity and insolation; are the good governing factors for 
determining the evapotranspiration. 
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The soil moisture – precipitation feedback and the diurnal cycle 
David Lawrence 
NCAR, Climate and Global Analysis, Boulder, CO, USA 
dlawren@ucar.edu 
Global climate models are often employed to investigate whether and how soil moisture 
anomalies affect weather and climate both in the current and in a potentially different future 
climate. A recent model intercomparison (Global Land-Atmosphere Coupling Experiment, 
GLACE) demonstrated that the degree of land-atmosphere interaction varies widely between 
current state-of-the-art AGCMs. Experiments using models with diverse inherent coupling 
strengths may generate differing conclusions about the contribution of land cover change, for 
example, to climate change.  
Land-atmosphere coupling strength, or the extent to which a precipitation-induced soil 
moisture anomaly influences the overlying atmosphere and thereby the evolution of weather 
and the generation of precipitation, is reasonably strong in the NCAR Community 
Atmosphere Model (CAM3/CLM3) but is very weak in the Hadley Centre modeling system 
(HadAM3/MOSES2).   
Through direct comparison of the coupling mechanism in these two models, we can evaluate 
what aspects of the model control the degree of land-atmosphere coupling.  Key aspects of the 
indirect soil moisture-precipitation feedback are evaluated and compared.  It is found that 
differences in the simulation of the diurnal cycle, and related differences in precipitation 
frequency and soil moisture variability, appear to be able to explain the large differences in 
coupling strength.  In particular, the simulation of the diurnal evolution of boundary layer 
moist static energy and its relationship to moist convection are crucial factors that govern the 
strength of the soil moisture-precipitation feedback.  In CAM3/CLM3, over wet soils 
boundary layer moist static energy grows steadily during the day, fed by strong evaporation 
into a only slowly deepening boundary layer, leading to heavy convective precipitation.  In 
contrast in HadAM3/MOSES2, soil moisture exerts virtually no control on boundary layer 
moist static energy and henceforth convection is essentially unaffected by soil moisture and 
land-atmosphere coupling strength is low.   



351 

The effects of changes temperature on phenological phases of some main 
crops in Veneto region -Italy 
Maurizio Borin , Alessandra Bonamano  
Dipartimento di Agronomia Ambientale e Produzioni Vegetali, University of Legnaro, Padua; Italy. 
maurizio.borin@unipd.it 
alessandra.bonamano@unipd.it 
Understanding and predicting crop phenology is important for many reason, including 
improving the efficacy of management practises and the accuracy of simulation models and 
decision support system. 
This study was undertaken to determine the influence of temperature on some main crops in 
Veneto region 
Veneto is a region located in the North of Italy, in the Mediterraneo area. 
For the purpose of this research, field observation conducted during 1963-2004 period at the 
experimental field of the University of Padua, Italy, were used minimum and maximun air 
temperature. 
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Fig 1. Average of daily temperature 1963-2004. 

In particular we used: fortyfive 
years series of monthly 
temperature measured at 
Legnaro meteorological station 
(45° 12’N11 25’E) and fortyfive 
phenological data set of 
principal crops i.g. corn and 
wheat. 
The study has been evaluated 
using the calculate of the GDD 
(Growing Degree Days)   at 0°C 
and 8°C (Fig. 1) and the 
dynamic trend of temperature 
(Fig.2). 
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Fig. 2 Storical series of GDD 0° C based on average of daily 
temperature 1963-2004 
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In this way it was possible 
analyze the effects of this 
storical trend on the 
phenological phases and at 
the same time it was  
possible develop a future 
climate scenario in this 
Region with Climak. Climak 
is a stochastic model of 
climate. The parameters of 
the weather generator 
derived from the observed 
series are used to generate 
weather series representity the future climate. This weather generator can estimate climatic 
parameters from historical data and generate consistent series of minimum and maximum air 
temperature. 
An important next step in growth stages prediction will be the introduction and 
parameterisation of crop models to simulate crop phenology and yield in Veneto Region and 
to be used as a tool for optimizing various management practises.  
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Modeling changes in energy budget variability and distribution due to land 
cover parameterization in East Africa 
Nathan Moore (1) , Brent Lofgren (2), Nathan Torbick(1), Jing Wang(1), Jeff Andresen(1) 
(1) Michigan State University, East Lansing, Michigan 
(2) Great Lakes Environmental Research Laboratory, Ann Arbor, Michigan 
moorena@msu.edu 
The Climate-Land Interactions Project (CLIP) is studying regional climate dynamics coupled 
to land use/land cover (LULC) change in East Africa. Accompanying dramatic shifts in 
population and economic drivers of LULC in East Africa are changes in phenology and 
vegetation cover for East Africa. LULC in relation to socioeconomic drivers appears to be 
altering the surface energy balance, thereby influencing climate. These climate shifts are 
expected to influence patterns and practices in agriculture that will feed back to LULC.  
Projecting these changes into the future requires using a regional climate model (we use the 
Regional Atmospheric Modeling System, RAMS).  
In addition, east Africa is unique among equatorial regions in having widespread 
grasslands and savanna as the dominant cover; standard latitudinal indices of fractional cover 
and LAI cannot be applied, but are very important to the surface energy budget [1]. LAI and 
precipitation in East Africa exhibit a distinct bimodal signal (the “long rains” and the “short 
rains”), and accurate simulations of climate must reflect this phenology.   This approach 
offers an expression of regional scale characteristics that could be integrated into the large 
scale.  Here we present preliminary validation results from regional climate model simulations 
using an improved land cover hybrid, called CLIPcover, and spatially dependent spline 
functions (Figure 1) constructed from remotely sensed LAI and fractional cover. 
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Fig 1. Annual LAI comparisons for the “Open to Very Open Trees” class at three different latitudes 
obtained MODIS and RAMS/LEAF2, along with differences over time. 
Light grey= Equator; medium grey= 5 °S; black= 5 °N.  
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Simulation of carbon exchange using a regional model 
Herbert Ter Maat, Ronald Hutjes 
Alterra, Wageningen, The Netherlands 
herbert.termaat@wur.nl 
In the EU funded RECAB project the aim was to understand the main controlling factors 
determining carbon dioxide content in the atmospheric boundary layer at the mesoscale within 
representative areas in Europe, using a combination of experimental, forward and inverse 
modelling tools. Here we present results of the forward modelling tools performed within this 
project for an area in the middle of The Netherlands. 
Within RECAB a forward modelling system was developed consisting of a mesoscale 
atmospheric model transporting also CO2 (RAMS [1]), coupled to a land surface model 
simulating fluxes of CO2, sensible and latent heat as a function of vegetation and soil (-
moisture) (SWAPS-C, [2],[3]). This combination is complemented by a submodel simulating 
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anthropogenic emissions [4] disaggregated to high spatial and temporal resolutions, as well as 
a marine surface scheme simulating fluxes of heat and CO2 from prescribed SSTs and δpCO2 
fields [5]. 
The model is validated using various observations which were collected during an intensive 
measurement campaign held in the summer of 2002 in The Netherlands. Observations have 
been made of exchange fluxes of CO2, heat and momentum between land and atmosphere 
using eddy-correlation towers as well as a low-flying eddy-correlation flux aircraft. Also CO2 
concentration measurements have been taken deploying flask-sampling from aircraft and from 
Cabauw-tower. 
The first step in model validation is to compare the model results with observations at site 
level. An important part in this is to calibrate the parametrizations of sites off-line with tower 
fluxes. The comparison of CO2-fluxes between model and observations for the various sites 
seems to be reasonable. The energy fluxes for all sites seem to be estimated reasonably well, 
but only when the shortwave radiation is well simulated. A cloud cover is simulated by the 
model which transmits much less radiation to the ground than in reality. 
Comparing spatially explicit simulated and observed fluxes shows that in general simulated 
sensible heat fluxes are high and latent heat fluxes low relative to observed heat fluxes. Also 
observed CO2 sinks are stronger in reality than simulated. The only landscape feature that is 
rather consistently resolved in both model and observations and in both heat and CO2 fluxes is 
the large forest area of the Veluwe. The distribution of CO2 fluxes over The Netherlands can 
be seen in the left panel of figure 1, which shows different graphs of the simulated CO2 fluxes 
for various hours of the day. 

 
Figure 1: Left panel: simulated CO2-flux (umol m-2 s-1) for 4 different times at 27 July 2002 (green: 
7:30, black: 8:30, red: 12:15, blue: 13:20). Right panel: simulated CO2-profiles (ppm) with the same 
colour coding as the left panel 

Diurnal boundary layer dynamics seem to be reasonably well simulated (right panel of figure 
1). However, entrainment is poorly simulated by the Mellor-Yamada routine in RAMS which 
leads to underestimation of the boundary layer height. This has also its effects on the 
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distribution of CO2 throughout the boundary layer profile. Temperature and humidity are 
simulated fairly well in the lower boundary layer, but higher up in the boundary layer they are 
also influenced by the lower boundary layer height as discussed before. 
The ultimate goal of this study is to provide regional estimates of carbon dioxide using 
constraints from different observational and modelling techniques. Estimates of regional 
fluxes as given by the various methods (models and observations) will be compared. 
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Biosphere-atmosphere interactions in Amazonia 
Carlos A  Nobre, Paulo Artaxo and Pavel Kabat 
nobre@cptec.inpe.br 
The Amazon Basin contains the largest, contiguous extent of tropical forest on Earth, almost 
5.8 million km2. Over the past 30 years almost 600,000 km2 have been deforested in Brazil 
alone due to the rapid development of Amazonia, making the region one of ‘hot spots’ of the 
planet. Field studies carried out over the last 20 years clearly showed local changes in the 
water, energy, carbon, and nutrient cycling, and in the atmospheric composition caused by 
deforestation, forest fragmentation and biomass burning. More recently, research of the Large 
Scale Biosphere-Atmosphere Experiment in Amazonia (LBA) is uncovering novel features of 
the interaction of vegetation and the atmosphere in many spatial and temporal scales. The 
LBA Experiment is producing new knowledge on the physical, chemical and biological 
functioning of Amazonia, its role for our planet and the impacts in that functioning due to 
changes in climate and land use.  
There are observational evidences of sub-regional changes in surface energy budget and 
boundary layer cloudiness and regional changes in the lower troposphere radiative transfer 
due to biomass burning aerosol loadings. There is strong reduction of solar radiation at the 
surface in excess of 30 W/m2 over several months during the dry season due to biomass 
burning aerosol absorption and scattering. At the surface, a small amount of cooling is 
observed. Throughout the boundary layer black carbon absorbs solar radiation and heats up 
the atmosphere. That may have implications to the stability of the boundary layer, implying 
reduced rainfall. Larger number of CCN due to biomass burning has led to the speculation of 
their possible direct and indirect role in cloud formation and rainfall. During the rainy season, 
in contrast, there are very few amounts of CCN of biogenic origin and the Amazonian clouds 
show characteristics of oceanic clouds.  
Carbon cycle studies of the Large Scale Biosphere-Atmosphere Experiment (LBA) indicate 
still a large uncertainty for the carbon balance of the Amazonian undisturbed forest: most flux 
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tower sites and inventory studies suggest it to be a small sink of carbon of about 0 to 300 
Mton C/year, roughly balancing CO2 emissions due to deforestation, biomass burning, and 
forest fragmentation of about 300 Mton C/year. On the other hand, at least one site in Central 
Amazonia shows the undisturbed forest to be losing carbon, highlighting the extremely high 
spatial variability of carbon flux. It is safe to say that the effect of deforestation and forest 
fragmentation is increasing the susceptibility of the forest to fires, with increased carbon 
losses. 
Observational evidence of changes in the hydrological cycle due to land use change is 
inconclusive at present, though observations have shown reductions of streamflow and no 
change of rainfall for a large sub-basin (Tocantins river basin), highlighting the effect of 
deforestation on streamflows. Modeling studies of large-scale deforestation indicate a likely 
drier and warmer post-deforestation climate. Reductions of regional rainfall might lead to 
atmospheric teleconnections affecting the climate of remote regions. On the other hand, there 
have been modeling studies of realistic, present-day, patterns of deforestation and in some of 
them the simulated local rainfall over deforested areas increased due to the so-called forest-
breeze effect. The short duration of in situ precipitation observations over deforested areas 
preclude any firm conclusions whether this mechanism is validated by observations.  

Development of a crop-climate model 
Tom Osborne (1), David Lawrence (2), Andrew Challinor (1), Julia Slingo (1), Tim Wheeler (3) 
(1) Centre for Global Atmospheric Modelling, The University of Reading, UK 
(2) Climate and Global Dynamics Division, National Center for Atmospheric Research, USA 
(3) Department of Agriculture, The University of Reading, UK 
t.m.osborne@reading.ac.uk 
The rates of crop growth and development are sensitive to the state of the environment 
(atmosphere and soil) the crop experiences during its growing season. It follows that crop 
production is inherently vulnerable to variability in weather and climate. Many crop impacts 
studies examine these relationships using crop simulation models integrated with prescribed 
atmospheric boundary conditions, based on observations or climate model output, and hence 
do not consider the possibility of the crop influencing its own environment. 
Alternatively, in recent decades the role of the land surface in the determination of local 
weather and climate has been increasingly recognised. As a consequence, general circulation 
models (GCMs) now include sophisticated parameterisations of the Earth’s land surface and 
its interaction with the overlying atmosphere. Despite occupying approximately 10% of the 
land surface [1], the representation of croplands in GCMs is almost non-existent. Instead 
significant cultivated areas are commonly represented by grasslands with either constant or 
prescribed annual cycles of vegetation coverage and do not yet consider the impacts of 
growing vegetation on the surface climate. 
This paper describes the development and assessment of a coupled crop-climate model which 
will enable the examination of the two-way interactions of crops and climate. Crop growth 
and development routines of the General Large Area Model for annual crops (GLAM, [2]) 
were incorporated into the Met Office Surface Exchange Scheme (MOSES, [3]); the land 
surface scheme of the Hadley Centre atmospheric GCM, HadAM3. In the new version of the 
model, the crop grows in accordance with the simulated weather of HadAM3, thus altering 
the surface characteristics such as leaf area and canopy height, which may in turn influence 
the state of the overlying atmosphere and hydrology through land surface process. 
Initially, the groundnut version of GLAM has been incorporated as an example of a tropical 
annual crop. Further development of the model will include the representation of other crops 



357 

following their parameterisation and validation within the offline version of GLAM. When 
forced with observed sea surface temperatures from 1979 to 1995 the coupled model 
simulates interannual variations in both crop growing season frequency and crop size. For 
India, where the GLAM crop model was originally developed, the magnitudes of the 
simulated yield interannual variability and multi-year mean are in good agreement with 
observations (Figure 1). The coupled model can now be used to determine where growing 
crops influence their environment and whether this interaction is important for the estimation 
of crop productivity. 
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Figures 

 
Fig 1. Mean yield from the coupled model averaged over Indian grid points (solid line) compared to 
the de-trended Food and Agriculture Organisation country-wide yield statistics (dashed line). Gray 
shading represents the spatial variability within India in the model (mean +/- standard deviation). 
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Modeling the role of plants in interlinking soil, atmosphere and vegetation 
exchange processes: an Indian case study 
Jai Shanker Pandey and Sukumar Devotta  
National Environmental Engineering Research Institute  
Nagpur – 440 020, India 
jaispandey@rediffmail.com 
True environmental and ecological management depends very much on the mechanistic 
understanding of how hydrology interacts with biological processes and, thus, controls 
species composition, their distribution and ecological functioning.  Evapo-transpiration 
happens to be one of the most important ecological links (through vegetation) between soil 
and atmosphere. Different ecosystems (forests, wetlands, mangroves etc.) have different 
evapotranspiration rates, depending on the species composition and distribution in those 
ecosystems.  Apart from the parameters like plant available water capcity and leaf area index 
(LAI), the evapotranspiration-rate also depends on the associated environmental and 
meteorological factors. Notwithstanding the complications involved in studying soil–
vegetation–atmosphere interactions, the most important factors which control mean annual 
evapotranspiration are annual rainfall, potential evapotranspiration, and the type of vegetation 
present in the area. Rooting depth and stomatal control are the main factors controlling 
evapotranspiration of terrestrial ecosystems. This Indian Case study, presents a model-
application for computing evapotranspiration-dependent environmental water demands 
[Pandey and Devotta, 2005] for some selected forest-zones  of  Sabarmati  river-basin in India 
{Figure 1].  
In yet another exercise connected with atmosphere-vegetation interaction, a model-application 
has been carried out for computing plant-specific uptake for 2,3,7,8-TCDD 
(Tetrachlorodibenzodioxin), which is released to the environment primarily through emissions 
from the incineration of municipal and chemical wastes, in exhaust from automobiles using 
leaded gasoline, and from the improper disposal of certain chlorinated chemical wastes. Once 
released to the atmosphere, TCDD may be removed from air by wet or dry deposition. In 
terms of dry deposition, the role of plants becomes quite important. Therefore, variation with 
respect to stomatal conductance of three Indian species viz. Eugenia jambolana (Jamun),  
Azadirachta indica (Neem), Ficus religiosa (Peepal)  has also been studied. Notwithstanding 
the importance of many interrelated meteorological, biochemical and physiological 
parameters, stomatal conductance happens to be  a very important parameter with a major role 
to play in the process of atmosphere-vegetation exchange. Values of stomatal conductance for 
these species have been computed on the basis of their respective stomatal features.  These 
values have then been used for computing plant-specific uptake (Figure 2). This exercise  will 
be useful  in mitigating adverse  impacts  due  to   various  environmental  contaminants.  
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Fig. 1 : Environmental Water Demands in Different Zones of Sabarmati River Basin   
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Global surface albedo and par radiation: CERES data products from the 
synthesis of terra satellite data, GMAO reanalysis, NOAA snow/ice 
products and NCAR-MATCH chemical transport model 
David A. Rutan (1), Thomas Charlock (2), Fred Rose (1), Seiji Kato (3), Bill Collins (4), Wenying Su 
(3), Colleen Mikovitz (1), Nitchie-Manalo Smith (1) 
(1) Analytical Services & Materials Inc. Hampton, VA 
(2) NASA Langley Research Center, Hampton, VA 
(3) Hampton University, Hampton, VA 
(4) NCAR, Boulder CO 
(d.a.rutan@larc.nasa.gov) 
NASA’s Terra and Aqua satellites provide a wealth of new data for study of the global 
ecosystem.  Clouds and the Earth’s Radiant Energy System (CERES) broadband instruments 
(on both Terra and Aqua) provide global maps of top-of atmosphere (TOA) radiation. CERES 
also integrates observations (or more popularly use “data fusion”) from multiple instruments 
to derive enhanced data products. We here present gridded monthly mean broadband surface 
albedos, over the entire globe for three years (Mar 2000 through Mar 2003, based on the 
integration of TOA observations with radiation transfer calculations from a host of data 
sources. Other data sets, such as Photo-synthetically active (PAR) radiation, will be 
illustrated.  These products are systematically validated with independent ground-based 
observations at ~50 sites around the globe. (See http://www-cave.larc.nasa.gov/cave/ for 
details on validation and data products.) 
A number of input data streams are needed to produce the CERES land surface albedo. 
Higher resolution, narrowband Moderate resolution Infrared Spectrometer (MODIS) pixels 
are collocated within the larger broadband CERES footprints. Cloud properties are derived 
which are consistent with the broadband radiation. Global Modeling and Assimilation Office 
(GMAO) Goddard Earth Observing System (GEOS) GEOS-4 supply atmospheric profiles; 
global ozone is from National Centers for Environmental Prediction (NCEP); and microwave 
based snow and ice maps are from National Snow and Ice Data Center. For aerosols, we use 
MODIS aerosol optical depth data along with the Model for Atmosphere and Chemistry 
(MATCH) data to supply aerosol constituent types and their vertical distribution. A surface 
model based on International Geosphere and Biosphere Programme (IGBP) scene types is 
used to supply underlying spectral shapes for both albedo and emissivity. Initial broadband 
surface albedo is either retrieved directly from clear sky footprints or taken from a history 
map of pre-processed clear sky data for cloudy skies. Over ice-free ocean, a validated coupled 
ocean atmosphere radiation transfer model is used to specify the surface albedo. Fast, 2-
stream radiative transfer calculations are done for each footprint; and compared with CERES 
TOA observations. 
While we use narrowband measurements like MODIS for guidance, our radiative transfer 
calculations for land albedo are anchored to direct CERES measurements at TOA which are 
spectrally integrated (the same, solar broadband envelope that heats the earth). Data is 
collected over each month at satellite observation time (~1030 LST for Terra and ~1330 LST 
for Aqua) and spatially averaged within 1-degree equal angle grid boxes. These data are 
subsequently averaged in time providing a monthly mean. An example is shown in Figure 1. 
We supply a diurnal model based on a single “d-value” (following Dickinson’s theory, which 
we assign as a function of IGBP type); this gives the albedo for any sun angle or sky 
condition. We will present examples of the albedo data product along with validation efforts 
and “on-line” radiation transfer models that allow for quick comparison of current results with 
theory.  
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Figure 1. Surface albedo map for March 2000 from CERES/SARB Terra processing. 

The GEWEX Surface Radiation Budget (SRB) effort at NASA Langley Research Center has 
also produced global, gridded data products for more nearly a decade. They have computed 
albedo, from 1992-2001 data using GEOS4 giving some overlap with the CERES Terra time 
frame. Comparisons will be made with their product. Differences can arise due to their use of 
International Satellite Cloud Climatology Project (ISCCP) product, which is based on 
narrowband radiometers on operational weather satellites. 

Observational validation of an extended mosaic technique for the land-
atmosphere coupling 
Haydee Salmun (1),  Andrea Molod (2), Andreea Ira(1), Fernanda Santos(1) 
(1) Hunter College, City University of New York, USA 
(2) Massachusetts Institute of Technology, USA  
hsalmun@geo.hunter.cuny.edu 
A technique called ‘Extended Mosaic’ (EM) was presented in [1] and was designed to allow 
the subgrid scale interactions between the land surface and the atmosphere to extend 
vertically. The EM technique extends the standard mosaic (M) technique by computing 
energy and moisture transfers in the turbulent layer separately for each ‘tile’ in a grid box. EM 
addresses a limitation of previously existing techniques, and has been shown in [2] to have an 
important impact on the simulated climate in global models. Two 10-year long simulations 
were performed with the GEOS-3 GCM to evaluate the impact on the resulting climate of 
using the EM technique rather than the M technique. The results of these side-by-side 
simulations showed statistically significant differences on local and global scales. The most 
apparent impact of EM on the general circulation was a strengthening of the stationary wave 
pattern in the northern Pacific.  
The present work focuses on an observational validation of the climate characteristics of the 
GCM using EM. The validation includes an assessment of the moisture and heat budgets in 
the atmosphere and at the land surface. For the validation of the water budget we evaluate 
evaporation, precipitation and total precipitable water. Estimates of total precipitation were 
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used from the Huffman data [3]. For the validation of the energy budget we evaluate the top 
of the atmosphere and surface fluxes. Estimates of the various terms of the surface energy 
budget, surface wind stresses and other surface fields over the tropical and extratropical 
oceans were derived from the COADS [4]. Verification data for top of atmosphere radiative 
fluxes were from the ERBE products [5]. The SRB calculations [6] were used as verification 
for the surface radiative fluxes. Atmospheric mean winds and temperature from NCEP/NCAR 
reanalysis data and the vertical structure of the clouds from ISCCP-D2 are used to help 
explain differences between experiments and observations.  

 
Fig 1. DJF mean temperature at 850 mb field (in K) difference between simulations and data from 
NCEP/NCAR reanalysis over a northern Pacific area: (a) (top) Reanalysis-EM, and (b) (bottom) 
Reanalysis-M. Contour levels are indicated in the grey-scale bar below each panel, the same shade of 
grey represents the same interval in both panels.   

Local impacts of changes in global circulation generated by the difference in modeling 
technique were documented in [2]. In particular, a pattern of large EM-M differences in 
canopy temperature in DJF over the north-western U.S. and western Canada was presented. 
The EM simulation produced canopy temperatures that were warmer (up to 1.5-2.0 K) than 
those in the M simulation, and this was found to be consistent with the strengthening of the 
stationary wave pattern over the northern Pacific that resulted when using EM.  The 
connection between the increased amplitude of the Pacific North American pattern and 
warmer canopy temperatures in western Canada has been described using observations [7]. 
Figure 1 shows a result from the present validation study that illustrates the improvement in 
the climate simulation due to the implementation of EM. The figure shows that the 850 mb 
winter temperature field in the EM simulation (which is warmer than in the M simulation) 
agrees more closely with the NCEP/NCAR reanalysis data than does the 850 mb temperature 
in the M simulation. This is seen in the smaller Reanalysis-EM difference, panel (a), relative 

(b) 

(a) 
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to the Reanalysis-M difference, panel (b). Another potential are of improvement in the EM 
simulation was found in the excursion of the Australian monsoon over the land surface.  
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SEIB-DGVM: a new dynamic global vegetation model using a spatially 
explicit individual-based approach 
Hisashi SATO (1) , Akihiko ITOH (1), Takashi KOHYAMA (1,2) 
(1) Frontier Research Center for Global Change, Japan Agency for Marine-Earth Science and 
Technology, JAPAN 
(2) Hokkaido University, JAPAN 
hsato@jamstec.go.jp 

We report the development of a new Spatially Explicit Individual-Based Dynamic Global 
Vegetation Model (SEIB–DGVM), the first DGVM that can simulate the local interactions 
among individual trees within a spatially explicit virtual forest (Fig 1, ref 1). In the model, a 
sample plot is placed at each grid box, and then the growth, competition, and decay of each 
individual tree within each 
plot is calculated by 
considering the 
environmental conditions for 
that tree as it relates to the 
trees that surround it (Fig 2). 
 
Based on these parameters 
only, the model simulated 
time lags between climate 
change and vegetation 
change. The model also 
successfully reconstructed 
the –3/2 power law in dense 
forest, suggesting that the 
spatially explicit individual-
based representation is appropriate. Moreover, on a local scale, the model reproduced climate 
zone-specific patterns of succession, carbon dynamics (Fig 3), and water flux, although on a 
global scale, simulations were not always in agreement with observations. 
SEIB is also being incorporated into the Kyousei2 Integrated Synergetic System Model of the 
Earth (KISSME) (ref 2), which is being used to analyze complex interactions among various 
processes in the earth’s troposphere. Finally, because the SEIB–DGVM was formulated to the 

Fig 1.Input, output, and basic composition of the SEIB-DGVM. 
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scale at which field biologists work, the measurements of relevant parameters and data 
comparisons are relatively straightforward, and the model should enable more robust 
modelling of terrestrial ecosystems. 
[1] H. Sato, A. Itoh, and T. Kohyama, submitted to Ecological modelling. 
[2] M. Kawamiya et al., submitted to Journal of Earth Simurator 
Fig 2. Representation of individual trees, and a snapshot of the simulated forest stand of the SEIB-
DGVM (30m×30m of temperate mixed-forest). 

        
Fig 3. Changes in LAI and terrestrial carbon pool during 200 years simulation after fire in three 
climatic zone. 
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Croplands sensitivity to the 1976 and 2003 European drought events: 
analysis using an advanced agro-DGVM (ORCHIDEE-STICS) 
Pascalle Christine Smith (1) , Nicolas Viovy (1), Nathalie de Noblet (1), Philippe Ciais (1), Yann 
Meurdesoif (1), Bernard Seguin (2) and Alberte Bondeau (3) 
(1) Laboratoire des Sciences du Climat et de l’Environnement (LSCE), CEA-saclay, 91191 Gif-sur-
Yvette, France, part of Institut Pierre-Simon Laplace (IPSL), Paris, France 
(2) Institut National de Recherche Agronomique (INRA), Agroparc, 84000 Avignon, France 
(3) Potsdam Institute for Climate Impact Research, 14492 Potsdam, Germany 
pascalle.smith@cea.fr 

The development of agriculture responding to increasing demand for food raises the question 
of the role of cultivated land in relation to carbon sources and sinks and biophysical feedbacks 
to the atmosphere, their spatial patterns and temporal variability. Previous simulation studies 
of the terrestrial biosphere relied mainly on undisturbed ecosystems. A new generation of 
global biosphere models now includes realistic parameterizations of croplands and land 
management, to address the specific questions related to human impact on terrestrial 
ecosystems. For example, irrigation, fertilization and harvest operations imply changes in 
soil-vegetation-atmosphere fluxes as well as in soil properties. Thus there is a crucial need to 
account for the effect of the extent, functioning and management of agro-ecosystems on the 
carbon, water and energy budgets. Only few ecosystem modelling studies have started to 
investigate this effect at global and regional scale [1] [2]. 
The global terrestrial biosphere 
model ORCHIDEE [3] (itself part of 
the IPSL Earth System Model) used 
to represent croplands with two 
herbaceous Plant Functional Types 
(PFTs) characterized by a longer 
seasonal cycle and lower 
productivity than actual croplands. 
In addition, they did not respond to 
management practices. These 
limitations lead to the choice of 
coupling ORCHIDEE to a generic 
crop model, STICS [6], for 
quantitative studies of the impact of 
agriculture on biogeochemical 
cycles as well as biophysical 
properties and their contribution to 
regional climate change. We 
developed a new flexible and 
efficient coupling scheme presently 
operational for a C4 photosynthetic 
pathway PFT (e.g. corn), a winter-
type and a summer-type C3 (e.g. 
wheat and soybean), resulting in 
improved modelled ecosystem 
productivity and fluxes seasonality 
[4] [5]. Different variables either 
poorly simulated by ORCHIDEE for 

Fig. 1 1976 simulated drought effect in Beauce Region, 
France, 48N-1E 
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crops (Leaf Area Index (LAI), vegetation height, root profile) or specific to STICS (nitrogen 
limitation index, irrigation) are assimilated into ORCHIDEE and integrate information such 
as sowing and harvest dates as well as hybrid selection. 
ORCHIDEE-STICS, driven by gridded climate, soil and vegetation forcings, is run for the 
northern hemisphere temperate crops over the last 35-year period at 0.5° resolution. The 
simulated carbon, water and energy fluxes strongly respond to the climate interannual 
variability associated with severe productivity drops for the 1976 and 2003 European drought 
events. The analysis of a set of model simulations (with or without croplands, variable 
management etc.) driven by climate reconstructions combining CRU climatology and NCEP 
reanalyses, show a strong crop Net Primary Productivity (NPP) reduction in the extreme years 
as compared respectively to the reference periods 1972-1979 and 1994-2003. The related 
seasonal cycle of LAI, transpiration and soil water content undergo heavy changes in terms of 
amplitude and timing. Wheat and maize respond quite differently to this climate anomaly 
according to their specific phenology and water-use efficiency leading to different impacts on 
carbon and water budgets. See example for a highly agricultural French region in Fig. 1. 
We analyse the spatial pattern and temporal development of these 1976 and 2003 anomalies, 
compare the two drought events with each other and quantify the impact of these extreme 
climate conditions on carbon sequestration, energy partitioning and water availability in 
temperate agricultural ecosystems. We discuss the overall negative Net Ecosystem Exchange 
(NEE) anomaly in the drought years as compared to normal years. A dampening in the 
variability, attributed to adaptive practices (irrigation) is found as compared to the case where 
croplands are modelled as natural grasslands. Modelled interannual NPP and NEE variability 
is compared with national and sub-national level reports of yield, inverse atmospheric 
estimates and results from other bottom-up approaches and radiation interception with 
satellite biophysical observations. 
[1] A. Bondeau & P.C. Smith, in prep. 
[2] C.J. Kucharik & K.R. Brye, 2003, Journal of Environmental Quality, 32, 247-267. 
[3] G Krinner et al., 2005, Global Biogeochemical Cycles, 19, GB1015, doi:10.1029/2003GB002199. 
[4] S. Gervois et al., 2004, Earth Interactions, 8, 16. 
[5] N. De Noblet-Ducoudré et al., 2004, Agronomie, 24, 397-407, doi:310.1051/agro:2004038 
[6] N. Brisson et al., 2002, European Journal of Agronomy, 18, 309-332. 

Impact of scale and aggregation on the terrestrial water exchange: 
integrating land surface models and rhone catchment observations 
Reto Stöckli (1), Pier Luigi Vidale (2), Aaron Boone (3), Christoph Schär (1) 
(1) ETH Institute for Atmospheric and Climate Science, Zürich Switzerland 
(2) Centres d'Etudes Spatiales de la Biosphère, Toulouse, France 
(3) Department of Meteorology, University of Reading, UK 
stockli@env.ethz.ch 
Land surface models (LSMs) used in climate modeling include detailed above-ground 
biophysics but usually lack a good representation of runoff. Both processes are closely linked 
through soil moisture. It however has a high spatial variability which is unresolved at climate 
model grid-scales. Physically-based vertical and horizontal aggregation methods exist to 
account for this scaling problem. The effect of scaling and aggregation has been evaluated by 
performing catchment-scale LSM simulations for Rhone. It is found that magnitude of runoff 
is closer to observations by increasing vertical resolution of soil moisture. Including 
topography-driven horizontal soil moisture variability significantly enhances timing of runoff 
on the daily time-scale (response to rainfall events) and magnitude of summer runoff 
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(baseflow from groundwater). Evapotranspiration is not sensitive to aggregation method but 
shows moderate scale-dependency for the semi-arid part of Rhone. Snow-melt runoff from the 
Alpine part of Rhone is very sensitive to scale and reveals that a subgrid-scale snow 
parameterization is needed to simulate runoff there.  

On the dependence of atmospheric chemistry on rainfall interception 
simulated with the Earth System Model ECHAM5/MESSy 
Meryem Tanarhte, Laurens Ganzeveld, Jos Lelieveld, and the MESSy team 
Max Planck Institute for Chemistry, Mainz, Germany 
meryemta@mpch-mainz.mpg.de 
The Earth System model ECHAM5/MESSy explicitly simulates atmospheric chemistry-
climate interactions, including the dependence of surface-atmosphere trace gas exchanges on 
the local energy and water budgets. Neglecting the spatial variability in convective rainfall 
results in an underestimation of canopy throughfall and an overestimation of the wet-skin 
evaporation, the so-called interception loss, and potentially, an underestimation of the 
Planetary Boundary Layer (PBL) height. We have studied the impact of the spatial variability 
in convective rainfall interception on the hydrological cycle and atmospheric chemistry by 
implementating a parameterization that accounts for sub-grid scale throughfall and 
interception losses. The sensitivity is not limited to land surface energy and water budgets but 
is also evident in the global atmospheric water vapour burden, precipitation patterns and 
atmospheric chemistry through changes in surface exchanges, PBL dynamics and long-range 
transport. We present an analysis of the long-term effects of the modified rainfall interception 
on the water vapour fields and moisture transport. Furthermore we assess the impact on dry 
deposition, emissions, scavenging, transport and the oxidizing capacity of the atmosphere. 

Change in emissions from global biomass burning since the last glacial 
maximum 
Kirsten Thonicke, Sandy P. Harrison 
School of Geographical Sciences, University of Bristol, UK 
Sandy.Harrison@bris.ac.uk 
Changes in the inter-hemispheric gradient of CH4, reconstructed from CH4 records in the 
polar ice cores, suggest there have been significant changes in the distribution of methane 
sources through time, The lack of significant differences between Greenland and Antarctic 
records during cold, glacial periods (e.g. the last glacial maximum: LGM, ca 21,000 years 
ago), indicates that tropical sources were equally important as high-latitude sources in the 
global methane budget. During warm, interglacial periods (e.g. the mid-Holocene: MH ca 
6000 years ago), there is a discrepancy of between 20-50 ppbv between the Antarctic and 
Greenland CH4 records, implying that high-latitude sources were more important than tropical 
sources. Wetlands are the most important natural sources of CH4 and changes in wetland 
distribution since the LGM may have contributed to the changes in the inter-hemispheric 
gradient of CH4. Here we explore the potential contribution of changes in fire regimes and in 
pyrogenic emissions for changes in both the CH4 sources and, through emissions of NOx and 
other trace gases, the atmospheric sink for methane. We use palaeoclimate scenarios from a 
suite of coupled ocean-atmosphere simulations of LGM and MH climates made by the 
Palaeoclimate Modelling Intercomparison Project (PMIP) to drive the fire model SPITFIRE 
(SPread and Intensity of FIRE). SPITFIRE is embedded in the LPJ dynamic global vegetation 
model (DGVM). These analyses allow us to quantify the relative contribution of high-latitude 
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and tropical fires to pyrogenic emissions of trace gases and aerosols during glacial and 
interglacial intervals.  

Variability in global biomass burning versus area burnt – a data-model 
comparison with the global burnt surface product 
Kirsten Thonicke (1), Sandy P. Harrison (1), Cézar Carmona-Moreno (2), Alan Belward (2) & I. 
Colin Prentice (3) 
(1) School of Geographical Sciences, University of Bristol, UK 
(2) Joint Research Centre, Ispra, Italy 

(3) QUEST, Earth System Science, University of Bristol, UK 
Kirsten.Thonicke@bris.ac.uk 
Carbon emissions from biomass burning are estimated to be only slightly smaller than current 
fossil fuel emissions. This emphasizes the importance of being able to predict future changes 
in biomass burning, consequent on climatic changes and changes in management practices. 
Although considerable progress has been made in estimating the magnitude of biomass 
burning for specific years or decades, and in documenting changes in spatial distribution and 
interannual variability of fires, mechanistic fire models are required to predict likely future 
changes in fire regimes. In this study we use a new global fire model (SPITFIRE: Spread and 
Intensity of FIRE), which is embedded in the LPJ dynamic global vegetation model (DGVM) 
[1]. The LPJ DGVM simulates vegetation composition and dynamics as a function of climate 
and soil conditions. SPITFIRE simulates climatic fire danger, ignition sources, fire spread and 
the effects of fire on vegetation dynamics at the global scale. SPITFIRE uses live and dead 
fuel classes as simulated by the LPJ DGVM and its simulated fire behaviour and post-fire 
mortality then feed back to litter decomposition and vegetation establishment. The model has 
been run using the CRU historical climatology. We assess the reliability of SPITFIRE by 
comparing simulated fire regimes for the interval 1982 to 2000 with the monthly observations 
over the same interval used to create the Global Burnt Surface product, focussing on regional 
and temporal changes in frequency and seasonality of burning. We also analyse the changing 
relationships between burnt area and biomass burnt. 

References 
[1] S. Sitch et al., 2003, Global Change Biology, 9, 161-185. 

On the representation of tropospheric chemistry for gas-particle dynamics 
and cloud interactions in an interactive GCM 
Sunita Verma (1), O. P. Sharma, H. C. Upadhyaya (1) and Olivier Boucher (2) 
(1) Centre for Atmospheric Sciences, Indian Institute of Technology, Hauz Khas, New Delhi-110016, 
INDIA 
(2) Laboratoire d'Optique Atmosphérique, CNRS/ Universite des Sciences et Technologies de Lille, 
France 
verma.sunita@gmail.com 
Atmospheric chemistry plays a crucial role in climate by controlling the abundance and 
distribution of natural and anthropogenic agents such as greenhouse gases, aerosols, and 
clouds, which influence incoming and/or outgoing radiation, temperature and precipitation. 
The study of such a complex system requires the use of numerical/global models. The coupled 
chemistry-atmosphere models have proved as important tools of climate research (Lawrence 
et al. 1999, Rasch et al. 2000, Boucher et al. 2002) in order to simulate sulfur compounds and 
their variations as well as the phenomena such as direct and indirect radiative forcing (where 
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clouds-aerosol interaction plays an important role), still there exist areas of uncertainties. The 
estimated net sulfate distribution and associated radiative effects varies widely between 
models.  
To reasonably represent the tropospheric chemistry in the global models require a throughput 
consideration of multi-phase processes such as sulfate aerosols formation, the incorporation of 
a heterogeneous reaction system of aerosols (both gas phase and aqueous phase, 
predominating in cloud water), their subsequent transformation, dispersion and the 
mechanism for their eventual removal from the atmosphere. The current atmospheric 
chemistry models usually do not resolve the chemical species within the model domain and 
therefore neglect the effects associated with evolution of short-lived chemical species 
concentration with the evolving meteorology. .This study in above perspective is a focused 
effort to incorporate tropospheric sulfate chemistry with internally resolved short-lived 
species in a three dimensional global circulation model LMD-GCM (Sadourny and Laval, 
1984).  The model provides a size-segregated, two-moment distribution of aerosols which 
undergo processes like nucleation, condensation, coagulation and interaction with clouds. The 
paper presents in details the development and some important preliminary results of this 
online chemistry module, its subsequent incorporation and coupling with LMD-GCM.  
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Numerical study of the influence of urbanization on air quality in dry fall 
over the Pearl River delta, China 
Wang Xuemei (1), Wenshi Lin (2), Yang Limin (3), Deng Ruru (4) 
(1) Department of Environmental Science, Sun Yat-sen University, P.R.China  
(2) Department of Atmospheric Science, Sun Yat-sen University, P.R.China 
(3) Yuen Yuen Research Centre for Satellite Remote Sensing, Joint Laboratory for GeoInformation 
Science, the Chinese University of Hong Kong, Hong Kong 
(4) School of Geographical Science and Planning, Sun Yat-sen University, P.R.China 
Corresponding author: Wenshi Lin, eeslws@zsu.edu.cn 
The Pearl River Delta (PRD), situated on the coastal area of South China, has experienced 
remarkable economic development and urbanization in the past two decades. Figure 1 show 
the urban expansion during last two decades. This famous economic development zone 
includes the mega-cities Hong Kong, Guangzhou, and Shenzhen, as well as several mid-size 
cities. These cities are interspersed with small towns and farms, so we call the PRD city 
cluster. Land use change plays an essential role on regional environment and local and 
regional climate(Meyer and Turner 1994; IPCC 2001, http://www.gdepb.gov). The climate 
data also indicates that, comparing to the long-term average, the mean winter temperature of 
southern China increased by approximately 0.326 degrees per decade since the past 37 
years(Liang and Wu, 1999). High O3 episodes and poor visibility happened more often 
throughout this region (Wang et.al 2001a; Lee and Sequeira, 2001). Ambient NOx 
concentrations in this region have been the highest in China since 1985. Currently O3 and 
particle matter (PM) are the air pollutants of most concern (http://www.gdepb.gov). Land use 
changes the thermal stratification of the atmosphere above the city, the local heat balance, and 
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hydrologic cycle, as well as local-scale circulation patterns (Changnon and Huff, 1986) and 
then change the transport of trace gases. To answer questions about how urbanization in the 
PRD affects the regional climate, the fifth-generation Pennsylvania State University-National 
Center for Atmospheric Research (NCAR) non-hydrostatic Mesoscale Model (MM5) is 
employed for this study in different land cover shown in figure 1 (Dudhia, 1996; Grell et al., 
1994). October 2004 was chosen for simulation due to no precipitation in the PRD 
corresponding to drought conditions. The simulation of one month was performed in order to 
assess the extent to which urbanization in the PRD may have affected month-averaged 
climate, such as variations in temperature, humidity, turbulent heat fluxes, and PBL height. 
Under the different urban types, regional chemical transport model, STEM2K1, driven by 
MM5 will be applied to study the regional air quality. The results from chemical transport 
analysis using the STEM model will also be presented and discussed. 
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Modelling methane emissions from boreal ombrotrophic peatlands 
Rita Wania, I. Colin Prentice 
University of Bristol, United Kingdom 
rita.wania@bristol.ac.uk 
Natural wetlands are not only the single largest natural methane source, but also the most 
uncertain [1]. However, the processes leading to methane emission are reasonably well 
understood and lend themselves to numerical modelling. Methane emissions depend on the 
depths of the anaerobic and aerobic soil layers, soil temperature, and the availability of 
substrate for methanogenesis. Climate has direct effects on methane emissions via 
temperature and precipitation, and indirect effects through vegetation composition and plant 
productivity. The type of vegetation influences the amount of primary production and the 
quality of the substrate, and also the escape pathway for methane through the aerenchymatous 
tissue of vascular plants. We are developing a model, which takes these various processes into 
account and will allow us to explore the sensitivities of methane emissions to vegetation 
structure and climate, and to project methane emissions under climate change. 
The core modelling approach adopted is that of the Lund-Potsdam-Jena Dynamic Global 
Vegetation Model (LPJ) [2]. Our current focus is on northern ombrotrophic peatlands. We 
have made the following amendments to LPJ. A distinctive wetland hydrology has been 
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introduced for organic soils [3]. This scheme predicts water table position and water content 
in each unsaturated layer of the soil column. A permafrost module [4] calculates temperatures 
in each soil layer and allows for the influence of the vertical temperature profile on hydrology 
and vegetation. Four new plant functional types (PFTs) have been added:  boreal deciduous 
and evergreen dwarf shrubs, cold graminoids, and peat mosses. The distributions of these 
PFTs and the NPP they generate are being evaluated by comparing model results with 
distribution maps and field measurements. NPP and the temperature and water content in each 
soil layer provide input to a methane emissions model [5], which explicitly simulates the 
production of methane in anaerobic soils, its partial oxidation in the aerobic layers, and its 
emission to the atmosphere through the alternative pathways of diffusion, ebullition and 
transport through aerenchyma. The coupled model system will provide simulations of 
methane flux time series for comparison with observational data. 
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Climate and land-surface systems interaction centre 
Weedon, Graham Peter (1) , Los, S.O. (1), Alton, P. (1), Ellis, R.J. (2), Grey, W.M.F. (1), Jupp, T.E. 
(3), Mercado, L. (2), North, P.R.J. (1), Taylor, C.M. (2), S.D. Twiss (4) and members of CLASSIC 
(1) Dept. of Geography, School of the Environment and Society, University of Wales, Swansea, 
Singleton Park, Swansea, SA2 8PP, UK. 
(2) Centre for Ecology and Hydrology, Wallingford, Maclean Building, Crowmarsh Gifford, 
Wallingford, Oxfordshire, OX10 8BB, UK 
(3) Centre for Ecology and Hydrology, Monks Wood, Abbots Ripton, Huntingdon, Cambridgeshire, 
PE28 2LS, UK 
(4) School of Biological and Biomedical Sciences, University of Durham, South Road, Durham, DH1 
3LE. 
g.p.weedon@swansea.ac.uk 
The Climate and Land-Surface Systems Interaction Centre (CLASSIC) is funded by the 
Natural Environment Research Council (NERC) in the UK, as part of the Earth Observation 
(EO) Centres of Excellence programme. Our goal is to develop and sustain a world-class 
centre for research on the interactions between the land surface and the atmosphere in the 
context of the global climate system. This objective is being met by improving the way in 
which the land surface is represented in Global and Regional Climate Models. Thus we seek 
ways to account for the spatial heterogeneity and temporal variability of the land surface, and 
the feedback mechanisms that exist between those properties and those of the Earth’s 
atmosphere. Our aim is to improve the ‘skill’ of climate model predictions and, hence, the 
assessment of the actual, and potential, effects of climate change. Critically, our work is 
informed and sustained by data derived from a range of EO sources as used to estimate 
various biophysical properties of the land surface and for driving and testing various models 
of the Earth’s climate system. At its core, CLASSIC is intimately concerned with improving 
the Joint UK Land Environment Simulator (JULES), which is the community-owned version 
of MOSES (the MetOffice Surface Exchange Scheme) and TRIFFID (the Top-down 
Representation of Interactive Foliage and Flora Including Dynamics) which are the land 
surface modules of HadGEM (Hadley Centre Global Environment Model). 
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In addition to involvement with existing field work campaigns (e.g. with the African 
Monsoon Multidisciplinary Analysis, AMMA) recent CLASSIC work includes the following: 
Heterogeneity: Climate models are constrained by the computational cost of simulating the 
atmosphere to run at a grid box scale on the order of 100 km. Spatial information at finer 
scales is discarded and only gridbox averages are retained. Thus grid boxes with entirely 
different spatial organisation, but with similar averages, would be regarded as identical by 
current climate models. In JULES, as originally implemented, adjacent points on the land 
surface behave independently, and soil moisture is calculated at the grid box scale. However, 
in SAMOSAS – a modified form of JULES - adjacent points are coupled by a diffusive lateral 
energy flux designed to represent the sub-grid scale effect of atmospheric transport, and soil 
moisture is calculated at the pixel scale. SAMOSAS will be used as a tool for investigating 
the conditions under which surface fluxes are sensitive to the spatial arrangement of surface 
types within a grid box (i.e. sensitivity to heterogeneity). 
It is not known whether different biomes show systematic variation at the scale of their 
landscape pattern or how these patterns influence the interaction of the land surface with the 
atmosphere. We are developing and implementing means to characterise spatial heterogeneity 
in land-surface patterns using EO data sets. These pattern indices can be used to identify the 
effects of measurement scale in different biomes. 
Soil moisture feedbacks: The Sahel is an ideal region to study feedbacks between cloud 
formation and soil moisture because squall lines, which are the dominant sources of 
precipitation, result in short-lived convective events that produce heterogeneous surface soil 
moisture at a range of spatial scales. Moreover, ample high spatial- and temporal-resolution 
data are available from METEOSAT and the Tropical Rainfall Monitoring Mission (TRMM). 
Early morning cloud cover over most wet patches of scales 75 to 140 km, have reduced cloud 
cover in the afternoon. Thus wet patches of sufficiently large size help to set up a mesoscale 
atmospheric circulation in the afternoon, reducing day-time cloudiness and the likelihood of 
rain (see talk by R. Ellis in Topic 3). 
Aerosols: Aerosols are a key parameter influencing climate change via: direct radiative 
forcing and link with cloud formation; influence on the directionality of surface downwelling 
radiation; and possible feedbacks with rainfall. We have developed a lookup table approach to 
retrieve aerosol properties from (Advanced) Along Track Scanning Radiometer data at global-
scales on a routine basis using relatively modest computational resources. Outputs include 
aerosol optical depth, an estimate of aerosol type and surface reflectance. The method works 
well over areas of very high surface reflectivity (e.g. deserts). 
Radiation in land-surface models: Existing global models employ a simplistic treatment of 
the interaction of radiation with the vegetated land surface. We aim to develop the capability 
of land-surface models to utilise new EO data on downwelling radiation and on vegetation 
canopy structure, and to develop improved understanding of the role of atmospheric aerosols 
in land surface/climate interactions. In particular, we have improved treatment of three 
dimensional canopy structure within JULES. In contrast to the simple radiative transfer 
schemes adopted in many land-surface models, our simulation calculates explicitly the leaf 
irradiance at different heights within the canopy and thus produces an accurate scale-up from 
leaf to canopy-level photosynthesis. Additionally, we have improved treatment of the canopy 
diffuse light regime and photosynthesis in tropical forest. Carbon assimilation rate was 
predicted for a Scots Pine (Pinus sylvestris) stand located in Zotino, Siberia where the carbon 
exchange has been monitored extensively using multiple eddy covariance devices. 
Observationally a light use efficiency (LUE) of only 10% was detected when the proportion 
of diffuse sky radiance is 75% rather than 25%. The corresponding enhancement predicted by 



373 

our simulations is 10% to 20%. With such small increases in LUE, our site will not assimilate 
more carbon on overcast days compared to seasonally-equivalent sunny days. These results 
stand in contrast to the factor of two enhancement recorded for the Harvard broadleaf forest, 
USA, on cloudy days [1]. 
A new approach to light interception (called ‘light-mod’) within closed canopies has been 
implemented and evaluated using JULES. The ‘light-mod’ takes into account the division of 
sunlit and shaded leaves, but also diffuse- and direct-light separately. This leads to a major 
improvement of light interception and consequently photosynthesis compared to the ‘big-leaf’ 
approach. Simulations compared to Amazon measurements of photosynthetically active 
radiation suggest canopy architecture (vertical distribution of leaf area index and leaf 
inclination) is a major constraint for realistic representation of light absorption. EO is a 
promising tool for parameterisation of canopy architecture (see poster by L. Mercado in Topic 
4). 

References 
[1] L. Gu et al., 2002, J. Geophys. Res., 107, 101,029-101042. 

Modeling the bi-directional exchanges of ammonia between the atmosphere 
and terrestrial biosphere 
Yihua Wu (1), John Walker (2), Donna Schwede (3), Christa Peters-Lidard (1) 
(1) NASA/GSFC, Hydrological Sciences Branch, Code 974.1, NASA, Goddard Space Flight Center, 
Greenbelt, Maryland, 20771, USA 
(2) USEPA/NRMRL 
(3) USEPA/AMSD 
The biosphere-atmosphere ammonia exchanges have significant impacts on atmospheric 
chemistry, acidification of ecosystems, biodiversity of terrestrial ecosystems, regional 
atmospheric pollution and climate change.   A new process-oriented model was developed to 
investigate the bi-directional exchanges.  The new model is based on the Multi-Layer 
BioChemical deposition (MLBC) model (Wu et al, 2003) with the addition of a leaf ammonia 
compensation point parameterization which considers the effects of leaf temperature, 
apoplastic concentrations of +

4NH  and H+ as well as their dynamics corresponding to 
depositions and emissions.  The MLBC model considers some biochemical processes, such as 
photosynthesis, respiration, and membrane passive transport of cuticle.  The model was tested 
using field measurements in a soybean field in Duplin County, North Carolina in the summer 
of 2002.  The model was run with a time interval of 30 minutes.  Model results agree 
reasonably well with the measurements. 
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Isoprene chemistry in a future atmosphere 
Paul J. Young, Guang Zeng, John A. Pyle 
Centre for Atmospheric Science, University of Cambridge, United Kingdom 
paul.young@atm.ch.cam.ac.uk 
The biosphere-atmosphere flux of isoprene (C5H8) has a great potential to affect the trace gas 
composition of the atmosphere, through the synergy of high chemical reactivity and the 
magnitude of the emission (ca. 500 Tg C/yr 1). Isoprene emission is sensitive to temperature 
and the species of plant amongst other factors2. Thus, any future change in temperature or 
plant species distribution, through natural and anthropogenic factors, would be expected to 
alter the magnitude and spatial distribution of isoprene emissions and hence impact on 
atmospheric chemistry.  Isoprene-induced changes in the abundances and distribution of the 
key atmospheric oxidants OH and ozone (O3) will modulate the tropospheric oxidation 
capacity, which will have important climatic ramifications through changes in the lifetimes of 
greenhouse gases, such as methane (CH4).  
Using the UK Met Office Unified Model with an added chemistry module (UM_CAM3), we 
investigate sensitivities in the atmospheric oxidation capacity arising through changes in the 
isoprene emission field. Isoprene emission scenarios are developed for changes in temperature 
and land-use through offline manipulation of the GEIA isoprene emission dataset1; the 
emissions of other species are as specified by the IPCC A2 scenario. It is also possible to 
examine the effects of climate change on atmospheric chemistry using the UM_CAM model. 
We will show that the atmospheric effects resulting from changes in the magnitude and spatial 
distribution of isoprene emissions are dependent on the emission level of the other chemically 
relevant species (NOx, CH4, and non-methane hydrocarbons).  
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Cross-biome modeling of daily light use efficiency based on eddy covariance 
flux data 
Wenping Yuan (1), Guangsheng Zhou (1), Shuguang Liu (2) 
(1) Laboratory of Quantitative Vegetation Ecology, Institute of Botany, Chinese Academy of 
Sciences, Beijing 100093, China 
(2)USGS National Center for Earth Resources Observation and Science (EROS), Sioux Falls, SD 
57198,USA 
highyuan@ibcas.ac.cn 
The variations of gross primary production and ecosystem respiration determine net 
ecosystem exchange of CO2 between the atmosphere and ecosystems. In the past decades, 
researchers in ecosystem science have focused on GPP and autotrophic respiration of 
ecosystem which are sensitive to climate change, yet a clear understanding of this process is 
lacking (Canadell et al., 2000). Light use efficiency(LUE) model, based on the positive 
relationship between GPP or NPP and absorbed photosynthetically active radiation (APAR), 
has been a valuable method to calculate gross primary production of ecosystem. Light use 
efficiency coefficient, which is expressed as the amount of carbon produced per unit of 
absorbed photosynthetically active radiation, is the most important concept in the LUE model. 
In the recent years, the eddy covariance technique provides more detailed examination of net 
ecosystem exchange of CO2, between the atmosphere and terrestrial ecosystem respiration, 
and gross primary production at a variety of CO2 eddy flux tower sites.  
The objective of this study was to examine the relationship of daily LUE to temperature and 
soil moisture over the growing season at five flux tower sites (Table 1) representing different 
biomes, and results were considered in relation to design of algorithms for satellite-based 
monitoring global GPP.  
Calculation of daily LUEεg(gC MJ-1) requires estimates of GPP and of APAR. 
εg(gC MJ-1) = GPP/APAR 
where GPP is gross primary production(gC m-2 d-1) and APAR is absorbed PAR(MJ m-2 d-1). 
GPP estimates were derived form micrometeorolgical flux measurements of net ecosystem 
exchange (NEE) at each site. APAR is multiple of PAR and the fraction of PAR absorbed 
(FAPAR) by chloroplasts. In this study, FAPAR has been estimated as a greenness-related 
vegetation index, the Normalized Difference Vegetation Index(NDVI). 
In most LUE model, maximum light use efficiency was supposed at the condition without 
temperature and water stress. Actually, daily LUE is affected by temperature and water: 
εg =ε0 × Ts × Ws 
where ε0 is the maximum light use efficiency, and TS and Ws are the downward-regulation 
scalars for the effects of temperature and water on light use efficiency of vegetation, 
respectively.  
In this study, Ts is estimated based on the equation developed for the Terrestrial Ecosystem 
Model(TEM)(Raich et al., 1991): 
Ts= ((T-Tmin)*(T-Tmax))/((T-Tmin)*T-Tmax)-(T-Topt)2) 
where Tmin, Tmax and Topt are minimum, maxinum and optical temperature for photosynthetic 
activities, respectively. In this study, T min, Tmax and Topt equal 0, 40 and 25°C. If air 
temperature falls below Tmin or increases beyond Tmax, Ts is set to be zero. 
We use a simply method to calculate the ratio of the actual and potential transpiration in order 
to account for the effect of water on LUE (Venturini et al, 2004): 
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    Ws = LE/(LE+H) 
where Ws is evaporative fraction, LE is the latent heat flux, H is sensible heat flux. 
The predicted LUE values agreed reasonably well with observed LUE of various 
ecosystems(Table2), and temperature and soil moisture play a stronger role in determining 
daily LUE. This study suggest that maximum light use efficiency changes with ecosystem 
type. 
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Table 1 Name, location, dominant vegetation, year of eddy covariance observations 
Site Lat./Long. Dominant vegetation Year 
Howland 45.20°N, 68.74°W Evergreen needleleaf 

forest 
2001 

Sylvania 46.24°N, 89.35°W Mixed forest 2002 
Willowcreek 45.91°N, 90.08°W Deciduous broadleaf 

forest 
2000 

Walnut 51.52°N, 96.85°W Grassland 2003 
VairaRanch 38.40°N, 120.95°W Savannas 2003 

Table 2 Site-specific predicted daily LUE and maximum LUE 

Site Regression Equation Pearson coefficient  ε0(gC MJ-1) 
Howland εg= 1.01 * Ts * Ws 0.80*** 1.01 
Sylvania εg= 0.88 * Ts * Ws 0.81*** 0.88 
Willowcreek εg= 0.91 * Ts * Ws 0.86*** 0.91 
Walnut εg= 0.76 * Ts * Ws 0.83*** 0.76 
VairaRanch εg= 0.85 * Ts * Ws 0.82*** 0.85 
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