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Background & Objectives
•
•

Carbon sequestration is the process involved in carbon capture and the long-term
storage of atmospheric CO2 (Sedjo, Roger; Sohngen, Brent, 2012).
Grassland ecosystems play a critical role in regulating CO2 sequestration from
atmosphere (Michael A. et al., 2009, FAO) .
GPP-Gross Primary Production NPP-Net Primary Production
NEP-Net Ecosystem Production NBP-Net Biome Production

Livestock
Grazing

Climate
Change

NPP -Carbon

NEP -Carbon

NBP -Carbon

sequestrated
by vegetation
(Short-term)

sequestrated by
ecosystems
(Medium-term)

sequestrated
by biosphere
(Long-term)

• In this study, we try to develop an ecosystem-grazing model to evaluate both
spatial and temporal dynamics of CO2 sequestration by terrestrial ecosystems
under the influence of both climate change and livestock grazing.
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Diagram of the ecosystem-grazing model to evaluate the CO2 sequestration

Description of Case Study Area

• Mongolia is a large inland country with a territory of 1.56 million km2
• About 72% of territory is grassland supporting over 170,000 herder families
• Major ecosystems: Forest, forest steppe, tundra, meadows, steppe & desert

Description of Case Study Area

(Data Source: http://jra.kishou.go.jp/JRA-55/index_en.html)

Consumption of coal

(Data Source: http://www.globalcarbonproject.org/carbonbudget/16/data.htm)

Description of Case Study Area
Satellite XCO2 in Mongolia retrievals from GOSAT, JAXA
Satellite XCO2 retrievals from GOSAT, JAXA

GOSAT -Greenhouse Gases Observing Satellite is a JAXA (Japan Aerospace
Exploration Agency) mission within the GCOM (Global Change Observation
Mission) program of Japan. The GOSAT mission goals call for the study of
the transport mechanisms of greenhouse gases such as carbon dioxide
(CO2) and methane (CH4).
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Sources: Mongolia Academy of Sciences
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Sources: Derived from NASA SRTM 30m DEM of the Earth

Input Datasets
Land Surface Temperature

Sources: Derived from MODIS, EOS-Terra Satellite since 2000, NASA
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Research Results
NPP, Jul 2nd ,2000

NPP, Jul 2nd ,2016

• The CO2 sequestration by vegetation (NPP) increased gradually from 2000 to 2016

Research Results
Land Surface Temperature(LST)

NPP vs. WDI in forest steppe and meadow steppe

Water Deficit Index (WDI=1-ETa /ET0)

NPP vs. WDI in dry steppe and semi-desert steppe

• We found that WDI was the most important driving factor for the CO2 sequestration
in dry steppe and semi-desert steppe in the southern part of Mongolia, however,
LST was the important factor in forest and meadow steppe in the northern part.

Research Results

• The CO2 sequestration by ecosystems (NEP) also increased from 2000 to 2016,
in which by forest steppe and meadow steppe was about 2 times of that by dry
steppe, and more than 3 times of that by semi-desert steppe.

Model Validation

To validate the model, we have established three flux towers to monitor CO2 fluxes
using eddy covariance method in different ecosystems in Mongolia

Model Validation

Monitoring data of CO2 fluxes during 2015-2016 by eddy covariance method in a typical grassland
ecosystem at Nalaikh site, Mongolia

Model Validation

• Validation by using CO2 flux monitoring data at three sites showed that the
model explained most of the seasonal variability in the CO2 sequestration

Research Results
Overgrazing = Carrying Capacity – Grazing Density

• We found that large areas of grasslands surrounding the capital city, Ulaanbaatar,
have seriously degraded due to heavy grazing, although these areas originally
have a high capacity of the CO2 sequestration.
• Overall, our results indicate that the CO2 sequestration are highly sensitive to
livestock grazing pressure as well as the surface water deficit status.
• These results implied that the recovery of degraded grasslands due to
overgrazing could contribute to significant carbon sequestration by wellmanagement of livestock numbers.

Conclusions
In this study, we have developed an ecosystem-grazing model to evaluate the spatiotemporal
distribution of C sequestration by grassland ecosystems under the influence of both climate
change and livestock grazing. We found that:
 the C sequestration by both vegetation (NPP) and ecosystems (NEP) increased from 2000
to 2016;
 the water deficit index (WDI) was the most important driving factor for the C
sequestration in dry steppe and semi-desert steppe, however, the land surface
temperature (LST) was the important factor for that in forest and meadow steppe;
 large areas of grasslands surrounding the capital city, Ulaanbaatar, have seriously
degraded due to heavy grazing, although these areas originally have a high capacity of C
sequestration;
 Overall, our results indicate that the CO2 sequestration in the most part of grassland are
highly sensitive to livestock grazing pressure as well as the land surface water deficit
status.
 Finally we come to a conclusion that the recovery of degraded grasslands due to
overgrazing could contribute to significant carbon sequestration by well-management of
livestock numbers.
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