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Atmosphere – Biosphere interactions

Bonan, 2008. Science

Biogeochemical cycles: 

• Carbon flux (Net Ecosystem Exchange)

NEE = Reco – GPP

Biogeophysical cycles: 

• Latent heat (LE) – Transpiration, energy transfer 
through change of phase of water

• Sensible heat (H) – Convection, mass transfer 
from lower to upper atmosphere

• Net radiation (Rn)
Rn = (1-α) St + Ld – Lu

Radiative fluxes must be balanced by non-radiative 
fluxes:

Rn = H + LE + G



The importance of studying semi-arid regions

• Semi-arid regions cover 18% of the Earth’s surface (40% if arid is considered). This area is 
predicted to increase due to climate change.



Mobile laboratory

• Fully operational eddy flux system
• Mast height up to 28 m

• Lab conditions for auxiliary equipment 
• Independent power and communication



Methods

Eddy covariance

Radiation sensors:

• Solar radiation (short-wave)
• Thermal radiation (long-wave)
• PAR (Photosynthetic Active Radiation)

Carbonyl sulfide (COS) as a proxy 
for GPP

NEE = Reco – GPP

F = ρ w′q′

FCO2 = NEE (Net Ecosystem Exchange)



Measurements – Vegetation mosaic
Annual average precipitation: 403 mm (Dec-Mar)
Mean annual temperature: 20.8 °C

Wheat field

Shrubland

Oaks

Pines

1 km



Albedo
Data for 10:00 – 14:00 hrs

Rn: 300 - 700 W m-2



Albedo

Data for 10:00 – 14:00 hrs

Rn: 300 - 700 W m-2



Energy budget - Autumn

Not measured Not measured



Energy budget - Winter



Energy budget - Spring



Energy budget - Summer

Not measured Not measured



Carbon flux

NEE = Net Ecosystem Exchange



Conclusions

Land use changes in semi-arid areas have strongly influence the balance 
between the biogeochemical and biogeophysical effects.

Here we provided preliminary quantifications of such effect 

• Non-forest ecosystems present higher albedo than forests

• Albedo is typically higher in the winter

• LE is kept similar among different ecosystems and seasons

• Rn is predominantly dissipated through large H fluxes (specially in the Pines ecosystem)

• Net CO2 uptake occurs only during the wet seasons - winter and spring in this region

• NEE is similar in both forest ecosystems, and stronger in the non-forest ecosystems (during their 
respective growing seasons)



Thank you



Carbon flux



Carbon flux







Objectives
Hypothesis: 

Land cover change, under the same climatic conditions, has a significant impact on the biosphere-atmosphere 
biogeophysical and biogeochemical effects.

Specific objectives:

• Determine to what extent the differences in surface roughness and canopy aerodynamic resistance among different 
land cover types are translated into changes in the sensible and latent heat fluxes and its ratio (seasonal variations in 
the Bowen ratio).

• Investigate to what extent the large sensible heat flux identified in semi-arid pine forest (“convector effect”) is 
maintained in other vegetation types, considering ecosystem scale parameters such as canopy structure, tree height 
and stand density.

• Test whether the difference in albedo between pine to oak ecosystems could modify the radiative and non-radiative 
fluxes and the overall ecosystem climatic effect.

• To investigate whether carbon sequestration efficiency and phenological adaptations to dry conditions identified in 
the pine forest are also observed in oaks, including early morning gas exchange in the summer and peak activity in 
early spring.



Bowen ratio - Autumn



Bowen ratio - winter



Bowen ratio - spring



Plan of operation
• 1) Identifying and surveying field sites: Survey of soil type and characteristics, and vegetation composition and characteristics will be 

completed during the first year of research.

• 2) Season cycle in ecosystem activities: Measurements should be taken in each of the vegetation types during each season (autumn, 
winter, spring and summer). The operation schedule will attempt to capture peak activity periods in spring, minimum activity periods 
in winter (temperature limited) and end of summer (water limited).

• 3) Quantifying and comparing Biophysical vs. Biogeochemical processes: The biogeophysical effects considered by this study will be 
the albedo, sensible heat flux, and latent heat flux. The biogeochemical effect considered by this study will be the NEE (calculated by 
the carbon flux). NEE and CO2 uptake will be converted to radiative forcing units (W m-2) for the comparison with the radiative effects 
based on the standard equations.

• 4) Assessing the Convector Effect: Focusing on the biogeophysical aspects we will assess the extent of the development of the 
Convector Effect, and its importance in heat removal in the different ecosystems. 

• 5) Partitioning NEE: NEE will be partitioned into GPP and Reco to better asses controlling factors on ecosystem productivity. This will 
be carried out both by conventional estimative using night-time measurements (only Reco) and temperature corrections, and by the 
newly developed approach based on COS measurements.

• 6) Comparative assessment of the stress and resilient properties: We will use the comparative measurements in 4 vegetation types in 
our semi-arid regions to obtain information on sensitivity to seasonal stress effects (annual summer drought of nearly six months), 
and recovery in fall and winter. Combined, these data will allow a comparative assessment of the ecosystem resilience (extent of
recovery to pre-stress activities). 



Methods

Eddy covariance

Radiation sensors
(SWR; LWR; PAR; NDVI)

Carbonyl sulfide (COS) as a proxy 
for GPP

Unlike for the CO2, the COS hydrolysis is a one-way 
reaction providing a potentially powerful tracer of the 
one-way photosynthetic uptake flux of CO2, from 
which GPP can be estimated 

NEE = Reco – GPP

F = ρ w′q′

FCO2 = NEE
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