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Forest ecosystems play an important role in the global carbon cycle. The implementation of the United Nations Framework Con-
vention on Climate Change (UNFCCC) and the Kyoto Protocol has made the study of forest ecosystem carbon cycling a hot topic 
of scientific research globally. This paper utilized Chinese national forest inventory data sets (for the periods 1984–1988 and 
1999–2003), the vegetation map of China (1:1000000), and the spatially explicit net primary productivity (NPP) data sets derived 
with the remote sensing-based light use efficiency model (CASA model). We quantitatively estimated the spatial distribution of 
carbon sinks and sources of forest vegetation (with a resolution of 1 km) using the spatial downscaling technique. During the pe-
riod 1984 to 2003 the forest vegetation in China represented a carbon sink. The total storage of carbon increased by 0.77 PgC, 
with a mean of 51.0 TgC a1. The total carbon sink was 0.88 PgC and carbon source was 0.11 PgC during the study period. The 
carbon sink and carbon source of forest vegetation in China showed a clear spatial distribution pattern. Carbon sinks were mainly 
located in subtropical and temperate regions, with the highest values in Hainan Province, Hengduan mountain ranges, Changbai 
mountain ranges in Jilin, and south and northwest of the Da Hinggan Mountains; carbon sources were mainly distributed from the 
northeast to southwestern areas in China, with the highest values mainly concentrated in southern Yunnan Province, central Si-
chuan Basin, and northern Da Hinggan Mountains. Increase in NPP was strongly correlated with carbon sink strength. The regres-
sion model showed that more than 80% of the variation in the modeled carbon sinks in Northeast, Northern, Northwest and 
Southern China were explained by the variation in NPP increase. There was a strong relationship between carbon sink strength 
and forest stand age. 
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A small change in the global and regional carbon cycle and 
carbon budget will lead to a significant fluctuation in the 
atmospheric concentration of CO2 and the stability of the 
global climate [1]. The carbon cycle and the Kyoto Protocol 
make the global and regional carbon cycle hot spots of 
global change research. Although the academic community 
affirms the carbon sink function of the terrestrial ecosystem, 
there is still much uncertainty with carbon sinks quantity 
and spatial distribution [2]. As the biggest carbon stock in 
the terrestrial ecosystem [3], forest ecosystems are of great 
importance. Therefore determining the spatial distribution 

of the carbon source and carbon sink of the Chinese forest 
ecosystem will be extremely helpful for our research into 
the carbon cycle of the terrestrial ecosystem and to address 
global warming. 

Currently, the traditional methods of obtaining the terres-
trial ecosystem carbon storage are mainly as follows: field 
survey data of plant biomass and soil carbon storage; satel-
lite remote sensing; inversion of atmospheric CO2 concen-
tration; ecosystem model simulations [4]. Because of the 
relative merits of these methods, evaluations of the terres-
trial carbon source from different yardsticks are different 
[5–9]. For instance, the evaluation of the Chinese forest 
carbon storage by Zhao et al. [10] from 1989 to 1993 dou-
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bled estimate made by Zhou et al. [11]. Piao et al. [12] 
found that different estimates of the carbon source of the 
same region (Northeast China) were obtained with different 
methods, such as a process-based model, atmospheric and 
remote sensing inversion model. 

To reduce the uncertainty of the evaluation as well as to 
demonstrate the spatial distribution of carbon sources and 
carbon sinks, combination of satellite remote sensing data 
with reference data from forest resource surveys to exploit 
the advantages of the accuracy of spatial orientation and 
remote sensing data and field survey data is very important. 
In recent years, the method of combining forest inventory 
investigation with remote sensing data and using downscal-
ing to estimate the ecosystem features has been widely ap-
plied in the USA, Finland and other European countries 
[13–17]. By utilizing statistical data from the 1984–1988 
and 1999–2003 national forest resource surveys, the 1: 
1000000 forest vegetation map, and the spatial distribution 
of NPP derived with the CASA model, we quantitatively 
estimated the spatial distribution of the Chinese forest car-
bon source and carbon sink from 1984 to 2003 (1 km reso-
lution) with the help of downscaling method. 

1  Statistics and methods 

1.1  Statistics 

The specific forest inventory statistics were obtained from 
the Statistics of National Forest Vegetation (for the periods 
1984–1988 and 1999–2003), which was published by the 
Forest Resources Management Department of State Forestry 
Administration. The forest type statistics were obtained 
from the National Vegetation Map of the People’s Republic 
of China (1:1000000), which demonstrate the Chinese for-
est vegetation situation in the 1980s and 1990s. 

In this research we used GIMMS NDVI data (http://www. 
glcf.umd.edu/data/gimms), which are derived from imagery 
captured by the Advanced Very High Resolution Radiome-
ter (AVHRR) onboard the NOAA satellites. The data set 
comprised the maximized normalized difference vegetation 
index (NDVI) compounded every 15 days. GIMMS NDVI 
products had conducted a variety of correction, eliminating 
the impact of the aging of the sensor, the satellite orbit off-
sets, solar zenith angle changes [18–20]. 

NPP data from light-use efficiency models (CASA model) 
based on remote sensing data. CASA model can simulate 
NPP spatial distribution and changes in the regional scale, 
which is widely used in NPP monitoring by a variety of 
spatial scales [21–23]. The accuracy of its estimations has 
been demonstrated by ground truth measurement [24,25]. 

1.2  Methods 

The present assessment was based on the concept of 
downscaling of Kindermann et al. [16]. Amendments were 

added to make it more applicable to Chinese forest ecosys-
tems. The methodology used is shown in Figure 1 and the 
procedures are as follows: 

(i) Generation of NPP data.  By calculation of the aver-
age monthly NDVI of the 1984–1988 and 1999–2003 sur-
veys and Kriging interpolation of the meteorological data 
from over 600 measurement sites, we achieved coherence of 
all of the data in terms of projection and spatial resolution. 
Then, we input the average monthly data for NDVI, tem-
perature, precipitation and radiation into the CASA model 
to estimate the annual NPP during the periods 1984–1988 
and 1999–2003. Finally, we derived the average annual data 
for the two periods. This multi-year averaged climatic data 
were applied to reduce the uncertainty caused by the annual 
fluctuation of climatic factors [26]. 

(ii) Computation of statistics for carbon storage in the 
forest vegetation.  Taking the Technical Regulations on the 
Survey of National Forest Resource as a reference, we clas-
sified the 700 dominant tree species sampled in the two pe-
riods into three forest types (coniferous forest, broadleaf 
forest and mixed conifer-broadleaf forest). Next we used the 
biomass expansion factor function [27,28] to estimate the 
average value of the carbon storage of the three forest types 
in each province during the 1984–1988 and 1999–2003 pe-
riods. Finally, we adjusted the average value of the carbon 
storage of the three forest types in each province from 1984 
to 1988 by using the criteria of 20% and 30% canopy den-
sity [29]. 

(iii) Computation of a distribution map of the average 
carbon storage of the forest types.  First, the forest type 
map was based on the attribute data of the National Vegeta-
tion Map of the People’s Republic of China (1:1000000) to 
determine the distribution of the three forest types (conifer-
ous forest, broadleaf forest and mixed forest) in China. Se-
cond, we matched the processed distribution map with the 
average value of the carbon storage of the three forest types 
during the 1984–1988 and 1999–2003 periods to obtain a 
spatial distribution map of carbon storage for the forest 
vegetation. 

(iv) Computation of a distribution map of carbon sources 
and carbon sinks.  On the basis of the two-period spatial 
distribution map of carbon storage for the forest vegetation, 
we used the method of spatial downscaling methed to cal-
culate a two-period carbon density distribution map for the 
forest vegetation at a resolution of 1 km, and to obtain a 
spatial distribution map of carbon sources and carbon sinks 
for the Chinese forest vegetation. 

Submodel of the CASA-NPP. On the basis of the CASA 
model, NPP can be calculated from data for NDVI, photo-
synthetically active radiation (PAR), the maximized poten-
tial light use efficiency (*), temperature function g(T) and 
soil moisture function h(w ) [21,30]: 

 *NPP PAR (NDVI) ( ) ( ).f g T h w      (1) 

The value for PAR in this formula can be obtained from  
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Figure 1  Flow diagram summarizing the methodology for estimation of the spatial distribution of Chinese carbon sources and sinks. 

estimation of downward shortwave radiation (PAR=0.5R). 
Data for downward shortwave radiation used in the present 
study were the average monthly observed radiation at 120 
sites obtained from the Meteorological Administration; of 
the total PAR that arrives at Earth, only part of it will be 
absorbed, and the proportion absorbed depends on the con-
dition of the ground and is a function of the standardized 
NDVI, namely f(NDVI), which represents the percentage of 
the total PAR absorbed by the vegetation. Therefore, 
PAR×f(NDVI) in equation (1) equals the PAR absorbed by 
the vegetation (APAR); apart from the light energy in the 
model of the light use efficiency, NPP is also determined by 
the conversion rate of the light energy, which is converted 
into organic compounds by the vegetation ( ), thus NPP 
equals the product of APAR and the light use efficiency. 
The light use efficiency of vegetation ( ) is influenced by 
the temperature and moisture of the surroundings, so we 
used the function of the maximized potential light use effi-
ciency (*), temperature (T) and moisture (w),  =*×g(T)× 
h(w). The value of * is determined by the forest type, 
therefore it is constant for a certain forest type. 

Downscaling method. The downscaling method used in 
this research was based on Kindermann et al.’s method [16]. 
Taking the average value of the carbon storage of the three 
forest types derived from the forest resource inventory as a 
foundation, the forest distribution map and NPP spatial dis-
tribution data as link, we derived an transfer function related 
to the quantity of spatial grids and the corresponding NPP 
together with the average value of carbon density of the 
same forest type. Thus, eq. (2) was used to calculate the 
carbon storage of each spatial grid.  
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where p= the province, t = the forest type (coniferous forest, 
broadleaf forest, mixed conifer-broadleaf forest), i = a spe-

cific grid, ptC = the average carbon storage of a specific 

forest type in a specific province (MgC ha1); Ni = the NPP 
of the forest of a grid (gC m2 a1); Ci = the forest carbon 
storage of a grid; and n = the number of the grids of a spe-
cific forest in a province. 

2  Results and discussion 

2.1  Spatial distribution of carbon sinks 

Taking the reference from the 1984–1988 and 1999–2003 
forest resource surveys (the time span is 15 years), the 
1:1000000 forest vegetation map, and estimation of the 
spatial distribution of NPP derived with the CASA model, 
we quantitatively estimated the spatial distribution of Chi-
nese forest carbon sources and carbon sinks from 1984 to 
2003 with a resolution of 1 km using the spatial downscal-
ing technique (Figure 2). The map projection used is the 
Albers authalic conical projection. The standard latitude line 
is 25°N and 47°N, and the central longitude line is 110°E. 
From 1984 to 2003, the Chinese forest ecosystem mainly 
represented a carbon sink, which agrees well with the spe-
cific growth trend for NPP [31]. The total area of carbon 
sinks was 107.29 × 106 ha (76.6% of the total forest vegeta-
tion), the quantity of carbon fixation was 0.88 PgC, and the 
average annual carbon fixation was about 58.67 TgC a1. 
From a spatial distribution perspective, some patterns in the 
distribution of carbon sinks in the Chinese forest vegetation 
were notable. The area of carbon sink forests declined from 
Southeast to Northwest China, and zones of high carbon- 
sink values were concentrated in Hainan Province, Heng-
duan mountain ranges and the Changbai mountain ranges in 
Jilin Province. During the study period, the area of carbon  
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Figure 2  Spatial distribution of China’s forest vegetation carbon sinks and sources between 1984 and 2003 (not including Taiwan). Positive values repre-
sent a carbon sink, negative values represent a carbon source. 

sources was 32.81 × 106 ha (23.4% of the total forest vege-
tation), the quantity of carbon release was 0.11 PgC and the 
average annual carbon release was 7.33 TgC a1. From a spa-
tial distribution perspective, the carbon source forests were 
distributed from Northeast to Southwest China, and zones 
of high carbon-source values were concentrated in southern 
Yunnan Province and northern Da Hinggan Mountains. 

From 1984 to 1988, the forest vegetation represented a 
carbon sink in all provinces except Yunnan. The ranking of 
administrative regions that showed a high quantity of carbon 
fixation (in descending order) was Xizang, Inner Mongolia, 
Sichuan, Jilin and Xinjiang. The ranking of administrative 
regions that showed a low quantity of carbon fixation (in 
ascending order) was Tianjin, Beijing, Ningxia, Jiangsu and 
Hebei. The ranking of administrative regions on the basis of 
carbon net budget was Xizang, Inner Mongolia, Jilin and 
Sichuan (Table 1). During the period from 1984 to 2003, the 
quantities of carbon fixation by broadleaf forest was 445.70 

× 106 MgC, coniferous forest 417.40 × 106 MgC and mixed 
forest 16.65 × 106 MgC (Table 2). The average annual densities  

of carbon fixation by each forest type were 60.83, 51.56, 
and 24.83 gC m2 a1, respectively. The ranking of the for-
ests on the basis of their carbon density was half-mature 
forest, large sapling forest, near-mature forest, mature forest 
and over-mature forest. The density of carbon sinks de-
clined with the increase in forest age. 

To conclude from all of the forest grids, Chinese forest 
ecosystems mainly represented carbon sinks, the net amount 
of carbon fixation was 0.77 PgC, and the average annual 
amount of carbon fixation was 51.0 TgC a1. This result 
generally agrees with the findings of previous studies based 
on a model or statistical outcome (Table 3). Differences in 
the methodology and data used mean the estimations of 
carbon sinks in the Chinese forest vegetation differ consid-
erably. The estimated annual amount of carbon fixation 
varies between 19 and 115 TgC a1, and that of a unit area 
varies between 15 and 73.9 gC m2 a1. Compared with oth-
er surveys, the carbon sinks estimated in this research are 
slightly lower, because this research has made a correction 
to the species in the period from 1984 to 1988. Before 1994,  
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Table 1  Comparison of forest carbon sink/carbon source’s area, total, intensity in administrative regions  

Administrative 
regions 

Carbon sink  Carbon source 
Carbon buget 

(TgC) Carbon sink 
area (×106 ha) 

Carbon uptakes 
(Tg) 

Strength of carbon 
uptake (MgC ha1 a1) 

Carbon source 
area (×106 ha) 

Carbon emissions 
(Tg) 

Strength of carbon 
emissions (MgC ha1 a1) 

Xizang 8.96 367.18 2.73 0.31 0.95 0.21 366.23 

Xinjiang 2.00 36.14 1.20 0.34 2.67 0.52 33.47 

Qinghai 0.74 11.78 1.07 0.01 0.01 0.09 11.77 

Yunnan 1.64 4.00 0.16 8.36 48.73 0.39 44.73 

Guangxi 4.94 17.81 0.24 1.73 4.43 0.17 13.38 

Gansu 3.43 23.68 0.46 0.08 0.10 0.08 23.58 

Sichuan  8.04 55.24 0.46 4.19 14.50 0.23 40.74 

Guangdong 3.40 14.58 0.29 0.07 0.07 0.06 14.51 

Shaanxi 4.07 10.70 0.18 0.80 0.82 0.07 9.89 

Ningxia 0.07 0.91 0.84 0.00 0.00 0.18 0.90 

Fujian 7.51 33.62 0.30 0.16 0.21 0.09 33.41 

Shanxi 1.61 4.16 0.17 0.33 0.40 0.08 3.76 

Hubei 2.38 10.10 0.28 0.01 0.00 0.03 10.10 

Henan 2.56 13.26 0.35 0.02 0.01 0.04 13.25 

Chongqing 0.62 3.32 0.35 0.25 0.66 0.18 2.66 

Jiangsu 0.20 2.23 0.76 0.00 0.00 0.21 2.23 

Shandong 1.79 15.44 0.58 0.00 0.00 0.02 15.44 

Anhui 1.94 7.67 0.26 0.18 0.14 0.05 7.53 

Guizhou 2.77 12.02 0.29 0.58 1.67 0.19 10.35 

Hunan 7.17 27.08 0.25 0.16 0.23 0.10 26.86 

Jiangxi  4.65 17.00 0.24 0.84 1.84 0.15 15.15 

Zhejiang 3.82 10.68 0.19 1.01 3.54 0.23 7.14 

Heilongjiang 10.73 32.89 0.20 7.53 25.06 0.22 7.82 

Jilin 6.66 45.16 0.45 0.27 0.44 0.11 44.72 

Inner Mongolia 11.00 63.73 0.39 3.83 5.15 0.09 58.59 

Hebei 0.39 2.51 0.43 1.04 1.58 0.10 0.93 

Liaoning  3.45 15.86 0.31 0.71 1.29 0.12 14.57 

Beijing 0.06 0.63 0.75 0.00 0.00 0.10 0.62 

Tianjin 0.01 0.06 0.74 0.00 0.00 0.21 0.06 

Hainan 0.68 20.31 1.98 0.00 0.00 0 20.31 

Table 2  Comparison of carbon sink/carbon source’s area, total, intensity in three forest types 

Forest type 
Carbon sinks 

(TgC) 
Carbon sink area 

(×106 ha) 
Carbon sources 

(TgC) 
Carbon source area 

(×106 ha) 
Carbon buget 

(TgC) 

Coniferous forest 417.40  53.97  49.80  17.04  367.60  

Broadleaf forest 445.70  48.85  62.60  12.30  383.10  

Mixed conifer-broadleaf forest 16.65  4.47  2.10  3.47  14.55  

Table 3  Comparison of estimates of China’s forest ecosystem carbon sink in the present and previous studies 

Period 
Forest area 

(106 ha) 
Total forest vegetation carbon sink 

(TgC a1) 
Average forest vegetation carbon sink 

(gC m2 a1) 
Reference 

1984–2003 140.05 51 36.4 this study 

1990–1999 142.8 60 42.0 [2] 

1981–2000 142.8 75 52.5 [29] 

2000–2007 155.6 115 73.9 [2] 

1981–2000 126–137 82 61.3 [7] 

1982–1999 124.3 34 27.4 [32] 

1981–1999 127.9 19 15.0 [33] 

1990s 130.5 66 51.6 [34] 
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forest surveys stated that the canopy density of the forest 
was 30%, and subsequently it was defined as 20% [29], 
which caused the value of carbon storage computed on the 
basis of 20% canopy density to be lower than the real value. 
Therefore, this study adopted an transfer function for carbon 
storage in various canopy densities, to correct the carbon 
storage value for the period from 1984 to 1988 on the basis 
of 20% canopy density. This correction resulted in an in-
crease in total biomass from 1984 to 1988 and a relative 
decrease in carbon sinks from 1984 to 2003. 

2.2  Relationship between carbon sinks and NPP 
growth  

The carbon sinks of ecosystems originates from the budget 
imbalance of the carbon cycle, carbon sinks quantity and 
trend are simultaneously controlled by the internal carbon 
cycle mechanism of ecosystems and other external driving 
factors [35]. Therefore, there are two key factors that de-
termined the carbon storage of the forest ecosystems. First, 
the intensity and long-term trend of NPP growth leads to 
higher quantities of carbon in the atmosphere to be incor-
porated into the carbon stocks in forest ecosystems, which 
makes net carbon absorption possible for an ecosystem. 
Second, the carbon turnover rate of the forest ecosystem 
influences the residence time of carbon in the system and 
ultimately controls the potential of the carbon stock [36,37]. 
Analysis of the relationship between the spatial distribution 
of carbon sinks and NPP growth can not only help to im-
prove our understanding of the mechanism underlying the 
spatial distribution of carbon sinks, but also assist with pre-
diction of the potential of carbon sinks. 

In the Chinese forest ecosystem, an obvious relationship 
between the spatial distribution of intensity of carbon sinks 

and NPP growth was apparent. During the past 20 years 
(1984–2003), the intensity of carbon sinks has been deeply 
influenced by NPP growth (Figure 3). The regression model 
showed that in four areas (Northeast, North, Northwest and 
South) the intensity of carbon sinks was apparently influ-
enced by the NPP growth rate to the largest extent. More 
than 80% of the change in carbon sinks could be attributed 
to the influence of NPP growth. Among the four areas, 
Northeast China showed the strongest influence, and the 
determinative coefficient of the regression model (R2) was 
more than 0.92. In comparison, carbon sinks in Southwest 
China were not strongly influenced by NPP growth (R2

 = 

0.223), so there was much more uncertainty in the simulated 
carbon sinks. This might be related to the variation in the 
local carbon turnover rate [38] and the spatial hydrothermal 
change in the local ecosystem, which decreases the possibil-
ity for using NPP growth to explain the carbon sinks. 

2.3  Relationship between carbon sinks and forest age 

In the prediction and simulation of carbon storage and car-
bon sinks in forest ecosystems, forest age is an important 
parameter [39,40]. Forest age and NPP are closely related, 
which directly influences the quantity and trend of NPP [41]. 
In addition, forest age affects the distribution of organic 
compounds and biomass accumulation [42]. Thus forest age 
is a key parameter for simulation and prediction of the po-
tential of carbon sinks in forest vegetation [8,43]. 

From 1984 to 2003 there was a strong relationship be-
tween the spatial distribution of carbon sinks and that of 
forest ages in the Chinese forest vegetation. With an average 
age of about 40 years [44], forest ages in China are generally 
on the low side, which means these forests possess much 
higher biomass accumulation and carbon sink intensity.  

 

Figure 3  Relationship between the increased net primary productivity of China’s major regional forest vegetation and the forest vegetation carbon density 
increment (not including Taiwan). 
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This situation is apparently different from that of North 
America where the forest ages are much higher [41]. South-
east China has a relatively higher density of carbon sinks 
(Figure 2), which agrees well with the rather low forest ages 
(20 to 30 years) in this area [44]; in contrast, in the South-
west area, such as central Sichuan and southern Yunnan, the 
intensity of carbon sinks is weak and represents carbon 
sources (Figure 2), which is consistent with the higher forest 
ages in the western areas of China. The forests with ages 
exceeding 120 years are mainly found in the central Sichuan 
Province [44]. 

Apart from forest age, other factors such as human activ-
ities and hydrothermal conditions might jointly influence 
the carbon sinks of forest vegetation. To explore the rela-
tionship between the distribution of carbon sinks and the 
age of Chinese forests, we chose the Northwest area where 
human activities are relatively rare and hydrothermal condi-
tions are stable as an example, and quantitatively analyzed 
the relationship (Figure 4). During the study period (1984– 
2003), among the different age groups, the variation in car-
bon density of half-mature forest and large sapling forest 
was maximal and their carbon-sink intensity was highest; in 
contrast, variation in carbon density of near-mature forest 
and mature forest was relatively minor and that of over- 
mature forest was the lowest (Figure 4). Figure 4 reflected 
relationship between the variation in carbon density and 
forest age, What are the same relationship by Logistic Mod-
el [43]. 

The results of the sixth inventory of national forest re-
sources in China showed that, compared with natural forests, 
Plantation forests are younger but are high in potential as 
carbon sinks. In natural forests, the area of half-mature for-
est was largest (34.07%), followed by large sapling forest 
(30.99%). In man-made forests, the area of large sapling 
forests was highest (40.24%), followed by half-mature for-
est (37.16%). The imbalance in the distribution of man- 
made forests in China influenced the distribution of carbon 
sinks among the forest vegetation. For example, the six ad-
ministrative regions (Inner Mongolia, Sichuan, Fujian, Hu-
nan, Guangdong and Guangxi) that have a relatively large  

 

Figure 4  Relationship between forest age classes and the variation in 
forest carbon density. 

area of man-made forests all have a higher net budget of 
carbon sinks, of which Inner Mongolia, Sichuan, Fujian and 
Hunan were especially outstanding. However, since the 
percentage of the area and the growing stock volume in the 
forests is not that high (21.0% and 11.45%, respectively), a 
simple corresponding relationship between the distribution 
of carbon sinks and man-made forests was not observed. 

2.4  Uncertainty of carbon sink results 

The spatial distribution of carbon sources and carbon sinks 
of forest vegetation can be influenced by many complicated 
factors such as natural factors or perturbation (such as the 
fertilization effect caused by the rising density of CO2 in the 
atmosphere, nitrogen deposition, climate change, fire, plant 
diseases and insect pests) and human activities (such as 
trees felling and planting). Therefore, we still face many 
uncertainties before we can systematically distinguish the 
carbon sinks caused by natural factors from those caused by 
human factors. From the mechanism that the forest carbon 
sink is rooted in forest restoration and forest enhancement. 
These two modes can equally lead to change in forest age as 
well of the NPP of forest ecosystems that are monitored by 
remote sensing. This is reflected in the downscaling estima-
tion, but more intensive research is required to accurately 
distinguish the contribution of the above factors. 

The present research utilized a two-period spatial distri-
bution map of carbon density in Chinese forest vegetation 
and adopted the same forest type map (1:1000000), which 
did not reflect the effects of land use change. We are cur-
rently digitizing the Atlas of Chinese Forest Resources [45] 
to establish whether determination of the spatial distribution 
of carbon sources and carbon sinks from the two different 
forest type maps corresponds well with data from forest 
inventories of different time periods. However, in the Atlas 
of Chinese Forest Resources, the area of forest cover is 
115.59×106 ha, and that of the forest vegetation map 
(1:1000000) is 151.44×106 ha (Taiwan is included); both 
differ somewhat from the area ((120.99142.79)×106 ha) 
covered in the forest survey. The forest vegetation map 
(1:1000000) is presently considered to be the best reference 
map, and the revision of this version took a long time and 
reflected the forest types in the 1980s and 1990s, which 
coincidentally matched the study period of our research. In 
addition, large-scale forestry construction projects were 
launched in 2002, which affect the natural growth of forest 
carbon sink/source was relatively small in this period. 

In the present research, the estimations of NPP of the 
forest ecosystem simulated by the CASA model from light 
use efficiency depend on data for NDVI. For long-term dy-
namic monitoring of vegetation, data for NDVI are usually 
obtained from, for example, GIMMS NDIV, MODIS NDVI, 
and SPOT-Vegetation NDVI data sets. Some differences 
exist in the transducer and calculations used to compile these 
data sets, therefore the NPP and biomass estimations obtained 
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from different NDVI data sets might be slightly different, 
which can lead to uncertainty in the estimation of carbon 
sinks. In the present study, we used the GIMMS NDVI data 
set to simulate NPP, because in comparison with other 
NDVI products (such as MODIS NDVI and SPOT- Vegeta-
tion NDVI), GIMMS NDVI has a longer temporal series 
(1981–2006) that completely covered the study period 
(1984–2003) in our research. This helped us to avoid poten-
tial inaccuracy caused by estimations derived from different 
transducers and data sets. 

Comparison of the present results with those of other 
methods based on remote sensing or forest surveys (Table 3) 
indicated that the downscaling estimation of carbon sinks 
derived from combination of remote sensing and survey 
data in one respect retained the spatial advantages of remote 
sensing data, and also retained the advantages of the accu-
racy of forest surveys. Thus estimations of carbon sources 
and carbon sinks approached the results of the surveys, and 
thus effectively reducing the remote sensing data and the 
model itself in the systematic calibration error. 

3  Conclusions 

From 1984 to 2003, the Chinese forest vegetation repre-
sented a carbon sink for atmospheric CO2, the increment in 
carbon storage was 0.77 PgC, and the average annual in-
crement was about 51.0 Tg Ca1. Among total carbon stor-
age changes, the amount of carbon fixed was 0.88 PgC, and 
the amount of carbon released was 0.11 PgC. Some patterns 
in the distribution of carbon sinks in the Chinese forest veg-
etation were apparent. Carbon sinks were concentrated in 
subtropical and temperate areas, whereas sources were 
mainly distributed from Northeast to Southwest China. The 
densities of carbon sinks were strongly related with the in-
crement of NPP and the spatial distribution of forest age. 
Carbon sink intensity decreased with increase in forest age. 
The downscaling technique can effectively combine the 
spatial features of the remote sensing data with the statisti-
cal features of ground surveys. Thus, the method retains the 
advantages of the spatial distribution of remote sense data 
and the advantages of accuracy of forest surveys. Therefore, 
the carbon sources and carbon sinks were not only accurate 
in quantity, but also in the spatial distribution of grids.  
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