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Abstract. Cropland carbon transfer (CCT, gC yr-1) is an important component in the 
carbon budget of terrestrial ecosystems. Analyzing the value of CCT and its spatial 
variation would provide a data basis for assessing the regional carbon balance. Based 
on the data from Jilin statistical yearbook 2015, we investigated the spatial variation of 
CCT in Jilin province during 2014. Results suggest that the CCT of Jilin province was 
30.83 TgC, which exhibited a decreasing trend from the centre to the border but the 
west side was higher than the east. The magnitude of carbon transfer per area (MCT), 
which showed a similar spatial distribution with CCT, was the dominating component 
of CCT spatial distribution. The spatial distribution of MCT was jointly affected by that 
of the ratio of planting area to regional area (RPR) and carbon transfer per planting area 
(CTP), where RPR and CTP contributed 65.55% and 34.5% of MCT spatial distribution, 
respectively. Therefore, CCT in Jilin province spatially varied, which made it highly 
needed to consider the difference in CCT among regions when we assessing the regional 
carbon budget. 

1. Introduction 
Increasing the carbon sequestration of terrestrial ecosystems is regarded as an important measure to 
mitigate climate change [1]. However, it should base on quantifing the magnitude of regional carbon 
sink. There are many methods in regional carbon sink assessment, playing an important role in 
quantifying the regional carbon budget. The assessment method based on carbon sink shaping process, 
a recently proposed novel method, starts from gross primary productivity and fully considers the carbon 
consumption including natural and human activites. Therefore, the carbon sink shaping process based 
assessment not only provides an alternative data for regional carbon budget assessment, but also 
unravels the amount of carbon consumption during its shaping process, which sets a solid basis for 
increasing the carbon sequestration potential of the terrestrial ecosystems [2]. 

Though the carbon sink shaping process based method has certain advantages, it needs accurately 
assessing the values of all fluxes involving in shaping the carbon sink. However, much studies have 
been conducted to analyse the variation of gross primary productivity and its natural consumption such 
as autotrophic respiration and heterotrophic respiration, while little attention has been paid to the 
variation of carbon consumption caused by human activities, which inhibits the application of the carbon 
sink assessment method based on its shaping process. 

Among all carbon fluxes caused by human consumption, cropland carbon transfer (CCT) accounts 
for the most portions, playing the most important role in regional carbon budget. Though there were 
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some studies focusing on the spatial variation of cropland carbon transfer in terrestrial ecosystems of 
China, they emphasized the spatial variation of cropland carbon transfer among provinces [3-5]. 
Therefore, they neglected the spatial difference in the same province, which inhibited the accuracy of 
carbon budget.  

Jilin province is an important commodity grain base of China, which plays a crucial role in 
guaranteeing national food security [6]. Analysing the value of CCT and its spatial distribution will 
improve the accuracy of national carbon budget assessment, which may also provide a dataset for 
quantifying the regional carbon sink and its increasing potential in this area. 

Therefore, based on the data from Jilin Statistical Yearbook, we analysed the spatial distributions of 
CCT and its components. The main objectives were to clarify: 1) what is the value of CCT in Jilin 
province? 2) How CCT spatially varied in Jilin province? 3) Which components dominated the spatial 
variation of CCT in Jilin province? Given that the difference in CCT among regions was similar among 
years, we selected a recent year data (2014) to conduct our study. Our results can provide a data basis 
for assessing the magnitude of carbon sink and its increasing potential in Jilin province, which also 
benefit for improving the accuracy of carbon budget assessment in China. In addition, our results also 
provide a reference for assessing the carbon transfer in other regions. 

2. Material and methods 

2.1 Brief information about the studying area 
Jilin province, located in the northeast of China, includes 9 prefectural-level cities such as Changchun, 
Jilin, Siping, Liaoyuan, Tonghua, Baishan, Songyuan, Baicheng, and Yanji. The altitude of Jilin 
province ranged from 1 to 2667 m, decreasing from east towards west (Fig.1). The annual mean air 
temperature (MAT) of Jilin province ranged from 5.3 to 8 ℃, which decreased from south to north (Fig. 
1a), while annual mean precipitation (MAP) ranged from 446 to 708 mm, showing an increasing trend 
from west to east (Fig. 1b) [7].  

 
Fig.1 The spatial distributions of annual mean air temperature (a) and annual precipitation (b) of Jilin 

province during 2014. The background is the altitude of Jilin province. 

2.2 CCT calculation 
In this study, we calculated CCT as the product of grain yield (Y, g yr-1), harvest index (HI), carbon 
content (C), and water content (W) as statistical yearbook only reported the value of Y. Then CCT of 
Jilin province was summed from each prefectural-level city and each crop.  
 

                                                 (1) 

 
Where Y is found in the Jilin statistical yearbook, and i is the number of prefectural-level city. 
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HI, defined as the ratio of grain yield to the sum of grain and straw yield [8], was explored to estimate 
the value of CCT, which can be found in Table 1. The values of HI for rice and maize were set to the 
average value of reported HIs in Jilin province, while these for other crops were set to the average value 
of China as little data were reported in this region. 

The value of water content (W) differed among crops according to previous studies [9, 10], which 
were listed in Table 1. Though the value of carbon content (C) differed somewhat among crops, little 
effort was made to illustrate such difference. Therefore, we set C as 0.45 according to the previous study 
[11]. 

 
Table 1 The values of harvest index (HI) and water content (W) for different crops 

Crops Harvest index (HI) Water content (W) References 
Rice 0.51 0.13 [12-14] 

Maize 0.53 0.13 [15, 16] 
Soybean 0.35 0.13 [17, 18] 

Yam1 0.64 0.133 [19] 
Other oil plants2 0.36 0.09 [19] 

Sugarbeet 0.71 0.133 [19] 
Tobacco 0.61 0.082 [19] 

Vegetable 0.49 0.82 [4] 
Note: 1 Yam HI was estimated from the average value of potato, sweet potato, and cassava in China. 
2. Other oil plants HI was estimated from the average value of peanut, rape, sesame, and sunflower in 
China. 

2.3 Calculation of CCT components 
CCT was the amount of organic carbon removed from cropland of the specific area in unit time, which 
can be deemed as the product of regional area (RA, m2) and the magnitude of carbon transfer per area 
(MCT, gC m-2 yr-1). In addition, MCT, an important carbon flux in quantifying the regional carbon 
budget [20], can be regarded as the multiplication of carbon transfer per planting area (CTP, gC m-2 yr-

1) and the ratio of planting area to regional area (RPR, %). 
Given CCT was the product of MCT and RA, MCT can be calculated as: 
 

 MCT=CCT/RA                                                                 (2) 
 
Where RA can be calculated from raster calculation in ArcGIS. 
Considering MCT was the product of CTP and RPR, CTP can be estimated as: 
 

CTP=MCT/RPR                                                                (3) 
 
Where RPR can be calculated from planting area, which can be found in the statistical yearbook, and 

RA.  

2.4 Causes of CCT spatial variation 
In this study, we employed factor decomposition model [21, 22] to quantify the roles of CCT 
components in the spatial variation of CCT in Jilin province. Factor decomposition model took a 
logarithm operation on the specific variable and its components based on the fact that the specific 
variable can be deemed as the product of its components, to quantify the contributions of its components 
in the variation of the specific variable. Therefore, after taking the logarithm operation on CCT and its 
components, we can get: 
 

lnCCT=lnRA+lnMCT                                                         (4) 
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CCT of benchmark (CCT0) and each region (CCTi) can thus be expressed as: 
 

lnCCT0 = lnRA0 + lnMCT0                                                   (5) 
 

lnCCTi = lnRAi +lnMCTi                                                                                   (6) 
 

Substracting Eq. (5) with Eq. (6), we can get 
 

∆lnCCTi=lnCCTi-lnCCT0= lnRAi-lnRA0+ lnMCTi-lnMCT0                          (7) 
 

Therefore, the variation of CCT changed by RA and MCT can be expressed as: 
 

               (8) 

 

             (9) 

 
The contributions of RA and MCT to the spatial variation of CCT were thus be expressed as 

∆CCTRA/∆CCT and ∆CCTMCT/∆CCT, respectively. 
To be simple, the largest value of CCT was set to the benchmark value to estimate the roles of RA 

and MCT in the spatial variation of CCT in Jilin province. 
The contributions of MCT components, CTP and RPR, were also evaluated to clarify the cause of 

MCT spatial variation, which was conducted following the analysis of CCT described above.  

2.5 Statistical analysis 
In this study, the data preparing were conducted by Excel 2007, while the spatial distributions of CCT, 
MCT, RPR, and CTP in Jilin province were drawn by ArcGIS 10.0. Other data analysis were completed 
in MATLAB 2014.  

3. Results 

3.1 The spatial distribution of CCT in Jilin province 
The amount of CCT in Jilin province during 2014 was 30.83 TgC, whose spatial variation showed a 
decreasing trend from the centre to the border (Fig. 2a). The highest CCT appeared at the centre of Jilin 
province as Changchun and reached to 8.02 TgC, accounting for a quarter of CCT in Jilin province. 
CCT of middle-western Jilin province represented by Siping and Songyuan also had a higher CCT, 
which were 6.00 TgC respectively but were lower than that of Changchun. CCT of western region 
(represented by Baicheng) and the middle-eastern region (represented by Jilin) were comparable, which 
exceeded 3.0 TgC but were lower than that of middle-western region. The smallest CCT appeared at the 
eastern of Jilin province represented by Baishan, whose CCT was only 0.26 TgC, accounting for no 
more than 4% of CCT in the centre of Jilin province.  
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Fig.2 The spatial distribution of cropland carbon transfer (CCT) and its components in Jilin province 

among Prefectural-Level cities during 2014. Panels (a)-(d) were the spatial distribution of CCT, the 
magnitude of carbon transfer (MCT), the ratio of planting area to regional area (RPR), and carbon 

transfer per planting area (CTP), respectively. 

3.2 The spatial distribution of MCT in Jilin province 
During 2014, MCT of Jilin province spatially varied ranging from 14.64 gC m-2 yr-1 to 439.52 gC m-2 
yr-1. The spatial distribution of MCT also showed a decreasing trend from the centre to the border but 
the western region had a higher MCT than the eastern region (Fig. 2b). The highest MCT appeared in 
the centre of Jilin province represented by Siping and Changchun, which can reach to 400 gC m-2 yr-1. 
The central region represented by Songyuan and Liaoyuan had a MCT around 270 gC m-2 yr-1, which 
was lower than that of the central region such as Siping and Changchun but was higher than that of other 
regions. The MCT of western region (represented by Baicheng) and middle-eastern region (represented 
by Jilin and Tonghua) were similar, which were all around 100 gC m-2 yr-1, while MCT of the eastern 
region such as Yanji and Baishan had the lowest MCT smaller than 30 gC m-2 yr-1. 

3.3 The spatial distribution of RPR in Jilin province 
As an important component of MCT, RPR substantially spatial varied ranging from 3.76% to 66.2% 
(Fig. 2c). The spatial distribution of RPR showed a decreasing trend from the centre to the border like 
MCT. The largest RPR appeared at the centre of Jilin province like Siping and Changchun, which can 
exceed 60%. RPR of middle-western region (like Songyuan) and middle-eastern region (like Liaoyuan) 
also had a high RPR around 50%. The lowest RPR appeared at the eastern of Jilin province like Baishan 
and Yanji, whose values were no more than 10%. 

3.4 The spatial distribution of CTP in Jilin province 
CTP, another component of MCT, also spatially varied but with a relative narrow range from 320.67 gC 
m-2 yr-1 to 664 gC m-2 yr-1. CTP spatial distribution showed a decreasing trend from the centre to the 
border, while the CTP of western and southern regions were higher than those of eastern and northern 
regions, respectively (Fig. 2d). The highest CTP appeared at the centre of Jilin province represented by 
Siping and Changchun, which can exceed 600 gC m-2 yr-1. The middle-western and middle-eastern 
region such as Jilin, Liaoyuan, Tonghua, and Songyuan, also had a high CTP around 500 gC m-2 yr-1. 
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The smallest CTP appeared at the eastern and western region such as Baicheng, Baishan, and Yanji, 
which ranged from 300 to 400 gC m-2 yr-1. 

3.5 The relationship between CCT and its components 
Results from factor decomposition suggest that the spatial variation of CCT in Jilin province was 
primarily caused by MCT, which accounted for 91.5% of CCT spatial variation, while the remained 8.5% 
spatial variation of CCT was contributed by the difference in RA among regions. Given the spatial 
variation of MCT, the contribution of RPR, which was 65.5%, was higher than that of CTP. CTP 
contributed 34.5% of MCT spatial variation. 

 
4. Discussion and conclusion 
In this study, we found the CCT of Jilin province during 2014 was 30.83 TgC yr-1, accounting for 1% 
of annual net primary productivity in China (2.83 ± 0.83 PgC yr-1) [23]. However, the CCT of Jilin 
province accounted for 4.89% of cropland carbon transfer in China (0.63 PgC yr-1) [4], indicating an 
important role of the CCT of Jilin province in the carbon budget of Chinese terrestrial ecosystems, which 
should be emphasized in the future. 

The spatial distribution of CCT showed a decreasing trend from the centre to the border but the 
western region had a higher value than the eastern region, which was primarily determined by the 
difference in MCT. In addition, the spatial distribution of MCT was jointly affected by RPR and CTP, 
which may result from the topography and climate. In the western Jilin province, the altitude was low 
and varied little, which made this region be suitable for planting crops, while the eastern region was 
dominated by forests with high altitude, which made RPR in this region was small. Therefore, RPR 
showed a decreasing trend from west to east thus affected the spatial distribution of CCT. The southern 
and eastern regions had higher temperature and precipitation than the western and northern regions, 
while temperature and precipitation were the dominating drivers for the spatial pattern of gross primary 
productivity thus crop yield and CTP [24-26]. Therefore, MCT thus CCT decreased from the centre to the 
border but the western region was higher than the eastern region. 
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