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Terrestrial Carbon Cycle and LUCCTerrestrial Carbon Cycle and LUCC

��Carbon cycle links human, biological, Carbon cycle links human, biological, 
geochemical and atmospheric processesgeochemical and atmospheric processes

��The change of the magnitude and spatial The change of the magnitude and spatial 
distribution of net carbon fluxes between distribution of net carbon fluxes between 
ecosystems and the atmosphere is controlled ecosystems and the atmosphere is controlled 
mainly by prior disturbance and landmainly by prior disturbance and land--use/landuse/land--
cover changecover change



Processes  of terrestrial ecosystem carbon cycle  
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Land use 
change 
mechanism

Forest regrowth

Afforestation

Soil conservation

Fire suppression

Terrestrial 
carbon sink

Growth
enhancement
mechanism

Atmospheric CO2 increases

Increases in precipitation

Warming or cooling

Nitrogen deposition

Mechanisms of Carbon SinkMechanisms of Carbon Sink



Technique schemeTechnique scheme of LUCCof LUCC--CCCC

MODIS and TM database

LUCC and social-economy 
database

RS inversion model

Observation of C flux and storage

Acclimatization experiments of 
biological processes of C cycle

Dynamic C models

LUCC and 
driving 

mechanisms

C exchange 
dynamic 

mechanisms
Scaling up and down

C sink/source: patters of spatial and temporal, history, future scenario
C cycle:  control mechanisms, human perturbs, cycle period,  acclimation
C sequestration: potential, cost and benefits, sustainable, leak

Bottom

up

Top

Down 



�Capability building
�Terrestrial ecosystem carbon stock

�Land use/cover change 

�Simulation of carbon cycle

Research Process



Capability construction

�Long term fluxes observation network;

�Data Information System (DIS)



Design of ChinaFlux station and observation



Research zones and transectResearch zones and transect



Height: 62.8 m

Changbaishan Qianyanzhou

Height: 45.04 m



Dinghushan Xishuangbanna



Haibei

Yucheng



Dangxiong

Inner Mongolia 



Diurnal Cycles of CO2 flux in forest ecosystem 
(Qianyanzhou)
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DIS: Landsat data source for LUCC study



LAND USE MAP BASED ON 
LANDSAT



Land-use datasets
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500 meter NDVI composite based on MODIS

01-10, July-2002



�Capability building

�Terrestrial ecosystem carbon 
stock

�Land use/cover change 

�Simulation of carbon cycle in China

Research Process



Spatial distribution of soil profiles in China
Second national soil general survey in 1980s; 2473 soil profiles



Spatial distribution of soil organic carbon in China



Forest Cover of China from Inventory



Forest Vegetation biomass in China by inventory

� Forest ecosystems in China (108 Mha) to 

contain 21.37 Pg of C from fourth forest 
inventory data in 1990s. 

� 6.62 Pg of C (31%) is in live trees,

� 0.26 Pg (1.2%) in understory, 

� 0.82 Pg (3.8%) on forest floor and 13.68 (64%) 
in forest soils. 



�Capability building

�Terrestrial ecosystem carbon stock

�Land use/cover change
�Simulation of carbon cycle in China

Research Process



Some Examples of LUCC
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Deforestation 
at Guangxi



False color 
composition

Geometric 
correction

1989/1990, 
1995/1996,
1999/2000
Landsat 
TM digital 
image

Vector map of land use in 
1990,1995 and 2000

Mutual 
interpretation

1989/1990,
1995/1996,
1999/2000
Landsat 
TM
registered 
image

Land-use change map in 
1990-1995,1995-2000 and 

1990-2000

Arc/Info 1km vector map
Overlay

Land-use change map of 
predominant types in 
1990-1995,1995-2000 

and 1990-2000

Zoning map of land-use 
net change in 1990-
1995,1995-2000 and 

1990-2000

Conversion map of land 
use in 1990-1995,1995-

2000 and 1990-2000

Data analysis and Land use change mapping



Net change of landNet change of land--use/landuse/land--cover typescover types

Paddy land Dry farming land

Grassland Unused land

Forest land

Rural residential area and other built-up

Urban area



The comprehensive LUCC zoning and DI in China, ���������



�Capability building

�Terrestrial ecosystem carbon stock

�Land use/cover change

�Simulation of carbon cycle in 
China

Research Process



Model(CEVSA) (carbon exchanges in the 
vegetation-soil-atmosphere systems) (Cao & Woodward 1998)

The terrestrial ecosystem model. (Tian et al., 1999)
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CEVSA includes three modules  : 

� The biophysical module calculates the transfer of 
radiation , water , and heat to determine canopy 
conductance , evapotranspiration and soil 
moisture ; 

� The plant growth module describes 
photosynthesis , autotrophic respiration , carbon 
allocation among plant organs , leaf area index 
( LAI) and litter production ; 

� The biogeochemical module simulates the 
transformation and decomposition of organic 
materials and nitrogen inputs and outputs in soils. 



Model(TEM) The terrestrial ecosystem model 
(Tian et al., 1999)
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Climate data input
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Climate change: Temperature

♦ Annual mean temperature increase 0.026 annually which higher 
than global average in the same period. And 1990s is the warmest
period. 

Trends in 1960s

Trend /10 yr

Trends in 1970s

Trends in 1980s Trends in 1990s

Trends in 1960-2000



Climate change: Precipitation

♦ Precipitation increase 1.14 mm annually during last 40 years. But its 
dynamics is complicated and its spatial pattern is not consistent in 
large scale.

Trends in 1960s

Trend mm/10 yr

Trends in 1970s

Trends in 1980s Trends in 1990s

Trends in 1960-2000



Climate change: Cloudiness

♦ Cloudiness has trend of increase during last 40 years in China, and the 
cloudiness increase about 0.1 percentage annually. 

Trends in 1960s

Trend percent age/10 yr

Trends in 1970s

Trends in 1980s Trends in 1990s

Trends in 1960-2000
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NPP Anomaly

Interannual variations 
in NPP in China

(by CEVSA, Cao et al. 2003)
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 NEP Anomaly

Spatial-temporal change of terrestrial ecosystem 
carbon sink/source in China by CEVSA model

Variations in net 
ecosystem production (NEP) 

(by CEVSA, Cao et al. 2003)
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The impact of El Niño and  La Niña on NPP in China 
by CEVSA

1997 El Niño

1996 La Niña
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More studies should be done

♦ Model parameterization and calibration by 
Chinese terrestrial ecosystems

♦ Linking model results with field observation 
and remote sensing detection

♦ Combining more detail mechanisms of carbon 
processes due to land-use change in the model

♦ More long-term historical land-use data be 
introduced into running model



Linking RS and nonLinking RS and non--RS data togetherRS data together

Remote Sensing observations
Vegetation                              Land cover  
activity                                    pattern

GLO-PEM

CEVSA

Weather station              Natural resource
and FLUX                       (e.g.soil) survey

Land-surface observations
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