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Abstract  

Large-scale human activities especially the destruction of forest land, grassland, and unused land 

result in a large amount of carbon release into the atmosphere and cause drastic changes in land 

use/cover in the Sanjiang Plain. As a climate change-sensitive and ecologically vulnerable area, 

the Sanjiang Plain ecosystem’s carbon cycle is affected by significant climate change. Therefore, 

studying the impact of the changes in land use/cover and climate on the carbon storage of the 

vegetation in the Sanjiang Plain is important. The dynamic impact of the changes in land 

use/cover and climate on the vegetation carbon storage was analyzed using Remote Sensing (RS), 

Geographic Information System (GIS) technology, and mathematical statistics and taking 

Landsat–TM/OLI and MODIS Normal Difference Vegetation Index (NDVI) remote sensing data, 

temperature, and precipitation as main data sources. Research results showed the following 

observations. From 2001 to 2015, the vegetation carbon storage in the Sanjiang Plain continued 

to increase (total increase = 97.65 Tg). The carbon storage of the forest land increased by 98.73 

Tg, and the carbon storage of cultivated land increased by 0.56 Tg. The carbon storage values of 

grassland and unused land decreased to 0.86 and 0.78 Tg, respectively. The increase in the 

carbon storage of cultivated land was caused by the increased area, and that of forest land was 

attributed to the increased carbon density. The decrease in the carbon storage of grassland and 

unused land was out of the decrease in its area. Therefore, the transform in land use types and 

vegetation carbon density changed the vegetation carbon storage. Through the pixel-by-pixel 

analysis of the invariant region, the carbon storage of various vegetations in the Sanjiang Plain 

was negatively correlated with the average temperature and positively correlated with the 

average precipitation. The partial correlation analysis of the changes in climate and land 

use/cover concluded that the changes in land use/cover and vegetation carbon density in the 

Sanjiang Plain were the main controlling factors for the changes in the vegetation carbon 

storage. 
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Introduction 

The terrestrial ecosystem is one of the important carbon pools and an important link in the 

interaction between human activities and climate change[1,2]. Vegetation is the main body of the 

terrestrial ecosystem [3] and plays an extremely important role in the global carbon cycle. The 

scientific and timely evaluation of the response of the vegetation carbon storage to human 

activities and climate change is a hotspot in current climate change and regional sustainable 

development research[4–7]. In recent years, scholars have focused on the impact of land use/cover 

on the vegetation carbon storage. De Jong[8] believes that land use/cover has changed the 

ecosystem carbon density in Chiapas. Martens[9] has concluded that the carbon storage of the 

forest land in the U.S. is 29% and 46% higher than that of the local grassland and cultivated land, 

respectively. Erb[10] has quantitatively studied the impact of human activities in Australia on the 

carbon storage of surface vegetation. Erb[10] has concluded that the conversion of forest land into 

cultivated land, grassland, and urban land reduces the vegetation carbon storage by 77% and that 

the decrease in forest age and the change in tree species decrease the forest carbon storage by 30%. 

The achievements of Hutyra[11] in studying the effect of the vegetation cover change on the 

carbon storage contribute to the evaluation and the analysis of urban carbon sequestration 

potential. Fang et al. [12,13] and Li et al.[14] have estimated the carbon storage of China’s 

terrestrial vegetation. Zhang et al.[15], Wu et al.[16], Kong et al.[17], and Wei et al. [18] have 

assessed the effects of land use/cover change on the vegetation carbon in different regions of 

China. However, studies on the spatiotemporal changes of the vegetation carbon storage involving 

the combined effects of regional land use/cover change and climate change are few, and this field 

needs improvement and breakthroughs in the future.  
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The reclamation of the Sanjiang Plain in a large area since the middle and late 20th century has 

resulted in drastic land use/cover changes. A large number of forest lands, wetlands, and 

grasslands have been reclaimed into cultivated land, thereby reducing the productivity of 

vegetation and the input of soil organic matter and leading to the release of large amounts of 

carbon elements into the atmosphere [19]. The research on the effects of land use/cover change 

processes and regional climate changes on the ecosystem carbon storage due to human activities in 

this area can provide a theoretical basis for global change research and offers a reference for 

revealing the process and law of human land and climate system change in typical sensitive areas 

[20]. This paper has explored the dynamic effects of the changes in land use/cover and climate on 

the vegetation carbon storage in the Sanjiang Plain by taking remote sensing images and 

meteorological data as the main data sources and using GIS technology and mathematical 

statistics. Research results are important to regulate the human land use behavior in the region and 

mitigate and adapt to climate 

change. 

 

General situation 

The Sanjiang Plain is located in 

the northeast of Heilongjiang 

Province, China and formed by 

the impact of Heilongjiang, 

Songhua, and Wusuli Rivers. Its 

geographical coordinates are 

43°49′55″–48°27′40″N and 129°11′20″–135°05′26″E. The Sanjiang Plain has a total area of about 

 
Fig. 1 Geographical location of the Sanjiang Plain and the 

distribution of meteorological stations 
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108 900 km
2
 and is the largest and most concentrated wetland in China. Moreover, the Sanjiang 

Plain is one of the most critical areas for wetland and biodiversity conservation in the world and 

an important food production and reserve base in China. This area has four distinct seasons with 

long freezing period,  annual average temperature of 1.6 °C–3.9 °C, and annual precipitation of 

500–700 mm that is concentrated in summer and autumn, and humid and semihumid continental 

monsoon climate. The distribution of the study area is shown in Fig. 1. 

 

Data sources and treatment 

Landsat–TM/OLI, MODIS NDVI and meteorological data were the main data sources.The time 

span was 2001–2015 and divided into four periods: 2001, 2005, 2010, and 2015. The 

Landsat–TM/OLI remote sensing image was obtained from the international scientific data service 

platform(http://www.cnic.cas.cn/) with a resolution of 30 m. The original remote sensing image 

was preprocessed by geometric correction, radiometric calibration, atmospheric correction, and 

clipping.The MODIS NDVI was a MOD13Q1 product that covered the Sanjiang Plain and 

provided free of charge on the official NASA website(http://www.nasa.gov/), and its spatial and 

temporal resolutions were 250 m and 16 days, respectively. The time range was the growing 

season of each period (April to October), a total of 104 images, and this study used the 16 days 

synthetic data of MOD13Q1NDVI products to generate monthly NDVI data through maximum 

value compositing (MVC). The meteorological data included the temperature and the precipitation 

data of 33 meteorological stations in and around the Sanjiang Plain from April to October and 

were provided by the Heilongjiang Meteorological Information Center (Fig. 1). 

 

http://www.cnic.cas.cn/
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Methods 

Interpretation of land use/cover types 

According to the Macro Investigation and 

Dynamic Research of the Resource and 

Environment[21] and the current land use 

characteristics in the study area, the land 

use/cover in the study area was classified into 

six types, including forest land, cultivated land, 

grassland, construction land, water, and 

undeveloped land, by using the support vector 

machine (SVM) algorithm in the supervised 

classification method. The spatial distribution 

maps of land use/cover types in the study area in 2001, 2005, 2010, and 2015 were obtained (Fig. 

2), and the classification results were evaluated on the basis of the field verification points. The 

classification accuracy of each type of supervised classification results in the Phase 4 images and 

the overall accuracy are over 90%, and the kappa coefficient is above 0. 85, thus indicating that 

the accuracy of the classification results meets the research requirements. 

 

Dynamic change characteristics in land use/cover types 

Used the analysis function module of QGIS for statistical and spatial overlay analyses through the 

interpreted land use/cover status maps of the Sanjiang Plain in 2001, 2005, 2010, and 2015. The 

land use/cover transfer matrix of Sanjiang Plain in 2001–2015 was obtained.  

 

Fig.2 Land use/cover pattern in Sangjing Plain 
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Vegetation aboveground biomass model 

The forest land (Formula 1), cultivated land (Formula 2), grassland, and unused land (Formula 3) 

vegetation biomass models used the research results of Zhao [22], Peng et al. [23], and Li [24]. In 

accordance with the vegetation biomass model of each land use/cover type and its remotely sensed 

NDVI data, the grid calculator of QGIS was used to calculate the vegetation biomass (g/m
2
) of 

different land use/cover types in each period of the study area. The model was as follows: 

    B1 = 5576.245 × (𝑁𝐷𝑉𝐼)2 − 6635.377 × 𝑁𝐷𝑉𝐼 + 2002.202,      (1)    

     B2 = 87.0518 + 106.5892 × 𝑁𝐷𝑉𝐼,                                                       (2)        

B3 = 2113.575 + 2125.757 × 𝑁𝐷𝑉𝐼.                                                     (3)             

 

Estimation of the vegetation carbon storage 

In this paper, the average vegetation carbon storage per m
2
 (carbon density) was calculated by 

multiplying the average vegetation biomass per m
2
 (biomass density) with the conversion 

coefficient. The total vegetation carbon storage was obtained by multiplying the land use type area. 

The model was as follows: 

𝐶𝑖 = 𝐵𝑖 × 𝑂𝑖 ,                                                                                                   (4)     

𝐶s𝑖 = 𝐶𝑖 × 𝑆𝑖.                                           (5)     

Ci is the vegetation carbon density of the ith land use type( g/m
2
), Bi is the vegetation biomass 

density of the ith land use type( g/m
2
), and 𝑂𝑖is the conversion coefficient between the vegetation 

biomass and the carbon content of the ith land use type. If the land use type is forest land, 𝑂𝑖 is 

0.5, and for other land use types, 𝑂𝑖is 0.45[25]. 𝐶s𝑖  is the total vegetation carbon storage of the ith 

land use type (Tg,1×10
12

g), and 𝑆𝑖  is the total area of the ith land use type (km
2
,1×10

3
m). 
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Related analysis 

This study used a pixel-based correlation analytical method to analyze the response of vegetation 

carbon storage in the Sanjiang Plain to climate change from 2001 to 2015. The temperature and 

precipitation data of 33 sites were interpolated with inverse distance weights to obtain 

meteorological raster data with the same projection and spatial resolution as the carbon storage 

data by using the QGIS software platform. The carbon storage of areas with unchanged land use 

type from 2001 to 2015 was extracted. The raster calculator in QGIS was used to calculate the 

pixel-by-pixel correlation coefficients between vegetation carbon storage and temperature and 

precipitation in the areas with unchanged land use types. The correlation coefficients between 

vegetation carbon storage and temperature and precipitation in the areas with unchanged land use 

types over the 15 years in the growing season of the Sanjiang Plain were calculated. The 

correlation coefficient formula is as follows: 

𝑟𝑥𝑦 = ∑ (𝑥𝑖 − �̅�)(𝑦𝑖 − �̅�)𝑛𝑖=1√∑ (𝑥𝑖 − �̅�)2𝑛𝑖=1 √∑ (𝑦𝑖 − �̅�)2𝑛𝑖=1 ,                      (6) 

where 𝑥𝑖,𝑦𝑖 is the value of x, y in Year i, 𝑥 ,𝑦 is the annual average of x, y; n is the number of 

years; 𝑟𝑥𝑦 is the correlation coefficient of x, y, whose value falls in [−1,1]; rxy<0 indicates a 

negative correlation, and rxy>0 denotes a positive correlation, which means that climate factors 

promote the increase of vegetation carbon storage, and vice versa.  

In the SPSS, the partial correlation analysis was conducted on climate, land use/cover change, 

and vegetation carbon storage to analyze the correlation between climate and land use/cover 

change and the main controlling factors of the vegetation carbon storage.The partial correlation 

coefficient formula is as follows: 𝑟𝑥𝑦,𝑧 = 𝑟𝑥𝑦 − 𝑟𝑥𝑦𝑟𝑦𝑧√(1 − 𝑟𝑥𝑧2 )√(1 − 𝑟𝑦𝑧2 ),                                (7) 
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where rxy, rxz, and ryz are the correlation coefficients between x and y, x and z, and y and z 

respectively; 𝑟𝑥𝑦,𝑧 denotes the partial correlation coefficients between x and y after z is fixed. 

 

Results and analysis 

Response of the vegetation carbon storage to land use/cover changes 

From 2001 to 2015, the land use/cover changes in the Sanjiang Plain were obvious(Fig. 3).The 

areas of cultimated and construction lands increased overall, The areas of forest land, grassland, 

water area, and unused land decreased overall. The proportion of cultivated land area increased 

from 48.24% to 54.03%, with the area increased by 6292.86 km
2
. The proportion of construction 

land area increased from 1.94% to 2.27%, with the area increased by 357.23 km
2
. The proportion 

of forest land area decreased from 33.08% to 29.96%, with the area decreased by 3389.56 km
2
. 

The proportion of grassland area decreased from 3.89% to 1.92%, with the area decreased by 

2141.03 km
2
.The proportion of water area decreased from 4.79% to 4.63%, with the area 

decreased by 173.91 km
2
. The proportion of undeveloped land area decreased from 8.05% to 

7.18%, with the area decreased by 946.60 km
2
. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Land use/cover changes in the Sanjiang Plain 

0

20

40

60

80

100

2001 2005 2010 2015

a
re

a
 p

ro
p

o
ti

o
n

(%
) 

Year 

cultivated land forest land unused land

water area grassland construction land



Page 9 of 23 

 

The transfer matrix analysis of the land use/cover data of the Sanjiang Plain in 2001 and 2015 

demonstrated that the land use/cover changes mainly occurred in cultivated land, forest land, 

grassland, and undeveloped land over the 15 years. Cultivated land is the land use type with the 

largest increase in area, with a total of 4407.5 km
2
 of forest land, 1218.1 km

2
 of grassland, 557.8 

km
2
 of water, 507.6 km

2
 of construction land, and 4393.7 km

2
 of undeveloped land converted into 

cultivated land. Cultivate land is the major transferred-in land use/cover type of the 

above-mentioned types. The percentages of areas with unchanged land use/cover type over the 15 

years in cultivate land, forest land, grassland, water, construction land, and undeveloped land are 

90.86%, 81.15%, 8.16%, 59.87%, 72.31%, and 36.20%, respectively. 

Table 1 Statistics of area change for different land use/cover types from 2001 to 2015(km
2
) 

Area 
cultivate

d land 
forest 
land 

grassland 
water 
area 

construc
tion land 

unused 
land 

2001 
total  
area 

transferr
ed-out 

area 

cultivated 
land 

47622.8 1875.8  680.7  599.3  782.4  852.7  52413.8 4790.9 

forest land 4407.5 29167.7  573.8  583.8  74.3  1134.7  35941.8 6774.1 

grassland 1218.1 1184.2  345.9  154.3  53.2  1267.9  4223.6 3877.7 

water area 557.8 78.9  72.3  3115.6  18.9  1360.6  5204.0 2088.4 

constructio
n land 

507.6 36.6  12.6  7.5  1528.0  20.8  2113.2 585.2 

unused land 4393.7 209.1  397.3  569.6  13.6  3167.7  8751.0 5583.3 

2015 total 58707.6 32552.3  2082.6  5030.1  2470.4  7804.4  108647.3 - 

transferred-
in area 

11084.8 3384.6  1736.7  1914.5  942.4  4636.7  - - 

area change 6293.9 -3389.5 -2141.0 -173.9 357.2 -946.6   

Note: The transferred-out area of a land use type is the difference between the total area of this land use type in 2001 and the area of 

land that has not been converted. Meanwhile, the transferred-in area is the difference between the total area of this land use type in 

2005 and the area of land that has not been converted. The area change is the difference between the total area in 2015 and that in 

2001. The data in bold indicate the area of a certain land use type that did not undergo conversion from 2001 to 2015. 

 

Dynamic changes in the vegetation carbon storage 

This study calculated the average biomass density of cultivated land, forest land, grassland, and 

undeveloped land in the vegetation growing season in the four time periods in the raster calculator 

on the basis of the vegetation NDVI data in 2001, 2005, 2010, and 2015, and using Formulas 1, 2, 
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and 3. Then, this study calculated the average vegetation carbon density and total carbon storage 

of each land use type according to models 4 and 5.From the changes in the vegetation carbon 

density in the study area (Fig. 4), the vegetation carbon densities of cultivated land, grassland, and 

unused land had no significant change, fluctuated between 0.06–0.07 kg/m
2
,0.36–0.41 kg/m

2
 and 

0.39–0.44 kg/m
2
, respectively,but the carbon density of the forest land showed remarkable 

changes and increased continuously. The lowest and highest carbon densities of the forest land 

were 4.18 (2001) and 7.65 (2015) kg/m
2
, respectively. The average carbon densities of the 

vegetation in the Sanjiang Plain in 2001, 2005, 2010, and 2015 were 1.27, 1.39, 1.65, and 2.12 

kg/m
2
, respectively, which were higher than that of the vegetation in China since 2010 (1.47 kg/m

2
) 

[14], and showed an upward trend. This result indicated that the biomass accumulation in this area 

was fast and that the vegetation productivity was higher than that of China。 

From 2001 to 2015, the vegetation carbon storage of the Sanjiang Plain showed an increasing 

trend (Fig. 5).，from 159.18 Tg in 2001 to 256.83 Tg in 2015.The carbon storage of forest land 

 

Note: The changes in the forest carbon density and the average carbon density refer to the primary coordinate axis, and 

the changes in the cultivated land, grassland, and unused land refer to the secondary coordinate axis. 

Fig.4 Changes in the vegetation carbon density in the Sanjiang Plain 
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vegetation significantly increased，from 150.38 Tg in 2001 to 249.11 Tg in 2015. The carbon 

storage values of cultivated land also continued to increase, from 3.35 Tg in 2001 to 3.91 Tg in 

2015.The carbon storage values of grassland and unused land vegetation The carbon storage 

values of grassland and unused land vegetation increased overall during 2010-2015 and decreased 

significantly during 2010-2015, mainly due to significant reductions in grassland and unused land 

area during this period.From 2001 to 2015, the change in the vegetation carbon storage in the 

Sanjiang Plain was basically the same as that of the forest land carbon storage, indicating that the 

forest land carbon storage was the main factor that affected the change in the vegetation carbon 

storage in the area. 

 

Response of vegetation carbon storage to land use/cover change 

According to the mutual conversion area and carbon storage density of cultivated land, forest land, 

grassland, and undeveloped land, the change in vegetation carbon storage and its net change value 

 

Note: The forest land vegetation carbon storage and total vegetation carbon storage refer to the primary coordinate axis, and 

the vegetation carbon storage of cultivated land, grassland and unused land refer to the secondary coordinate axis. 

Fig. 5 Changes in the vegetation carbon storage in the Sanjiang Plain  

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0

50

100

150

200

250

300

2001 2005 2010 2015

ca
rb

o
n

 s
to

ra
g

e
(T

g
) 

ca
rb

o
n

 s
to

ra
g

e
(T

g
) 

Year 

forest land total cultivated land unused land grassland



Page 12 of 23 

 

under each land use/cover change in different time periods from 2001 to 2015 were 

calculated(Table 2). The land use/cover changes in the three time periods from 2001 to 2015 

resulted in the loss of vegetation carbon storage, of which the loss was the largest from 2005 to 

2010, with a loss of 12.15 Tg, followed by a loss of 2.78 Tg from 2005 to 2015. The land 

use/cover changes in the Sanjiang Plain from 2001 to 2015 resulted in a loss of 22.76 Tg of 

vegetation carbon storage. Given that the forest land has the highest carbon storage per unit area, 

the conversion of forest land to cultivated land, grassland, and undeveloped land will lead to a 

reduction in carbon storage. The total reduction from 2001 to 2015 was 45.86 Tg. The conversion 

of cultivated land, grassland, and undeveloped land to forest land led to an increase in carbon 

storage, with a total increase of 24.38 Tg. The conversion of cultivated land to forest land, 

grassland, and undeveloped land from 2001 to 2015 led to an increase in carbon storage, with a 

total increase of 14.71 Tg. The conversion of forest land, grassland, and undeveloped land to 

cultivated land led to a reduction in carbon storage, with a total reduction of 35.22 Tg. 

Table 2  The change of carbon storage in vegetation in Sanjiang Plain during 2001-2015(Tg) 

Conversion of land use and land cover 2001-2005 2005-2010 2010-2015 2001-2015 

cultivated land     forest land 0.26 10.52 0.82 14.23 

cultivated land     grassland 0.03 0.45 0.09 0.20 

cultivated land     unused land 0.01 0.69 0.05 0.28 

forest land     cultivated land -0.57 -19.69 -2.29 -33.44 

forest land     grassland -0.17 -4.01 -0.19 -4.18 

forest land     unused land -0.03 -8.07 -0.02 -8.24 

grassland     forest land -0.02 -0.32 -0.71 -0.36 

grassland     cultivated land 0.05 6.84 0.17 8.63 

grassland     unused land 0.00 0.01 0.01 0.04 

unused land     Cultivated land -0.13 -0.86 -0.91 -1.43 

unused land     forest land 0.05 0.01 0.20 1.52 

unused land     grassland 0.00 -0.01 0.00 -0.01 

net change of carbon storage -0.53 -14.46 -2.78 -22.76 
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Although the changes in various land use types in the Sanjiang Plain from 2001 to 2015 led to a 

loss of vegetation carbon storage, the overall vegetation carbon storage of the Sanjiang Plain 

during the past 15 years has been increasing(Fig. 6), with an increase of 16.33 Tg from 2001 to 

2005, 22.23 Tg from 2005 to 2010, 59.09 Tg from 2010 to 2015, and from 2001 to 2015 a total of 

97.65 Tg. The vegetation carbon storage of cultivated land and forest land in the Sanjiang Plain 

from 2001 to 2015 has been increasing, while the vegetation carbon storage of grassland and 

undeveloped land has been decreasing. The main reason for the increase in the vegetation carbon 

storage of cultivated land is the continuous increase of cultivated land area. The 6293.9 km
2
 

increase of cultivated land area over the 15 years result in a 0.56 Tg increase in vegetation carbon 

storage of cultivated land.During this period, the area of the forest land decreased by 3389.54 km
2
, 

but the carbon storage of the forest land vegetation increased by 98.73 Tg, which was due to the 

increase in the carbon density of the forest land vegetation especially the continuously substantial 

increase in carbon density from 2005 to 2015. This increase compensated for the loss of the 

 
Note: The changes in the forest carbon storage and the total vegetation carbon storage refer to the primary coordinate axis, and 

the changes in the cultivated land, grassland, and unused land refer to the secondary coordinate axis. 

Fig. 6 Changes in the vegetation carbon storage at different time points in the Sanjiang Plain 
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carbon storage caused by the reduction in the forest land area. The grassland area of the Sanjiang 

Plain was reduced by 2141.03 km
2
, thereby reducing the vegetation carbon storage of the 

grassland by 0.86 Tg. The area of unused land was also decreased by 946.59 km
2
, thereby 

reducing the vegetation carbon storage of unused land by 0.78 Tg. In summary, the changes in 

different land use types and the conversion in vegetation carbon density led to changes in the 

vegetation carbon storage. 

 

Correlation analysis between the vegetation carbon storage and climate factors 

In the correlation analysis between vegetation carbon storage and climatic factors, in order to 

eliminate the changes in vegetation carbon storage caused by the mutual conversion of land use 

types, a pixel-by-pixel correlation analysis was carried out on the vegetation carbon storage and 

the average temperature and precipitation in the growing season in the areas with unchanged cover 

types from 2001 to 2015 (Fig. 7) showed that the vegetation pixels with negative correlation 

between the vegetation carbon storage and the air temperature in the growing season were larger 

than those with positive correlation as a whole. The average correlation coefficient was negative, 

and the vegetation pixels positively correlated with precipitation were larger than those negatively 

correlated with precipitation. The average correlation coefficient was positive (Table 3). This 

finding showed that the temperature during the growing season inhibited the carbon storage of 

various vegetations in the Sanjiang Plain and that the precipitation promoted the carbon storage of 

various vegetations. The reason was that the temperature in the growing season of Sanjiang Plain 

was higher than that in other months, and the sunshine time was longer, which accelerated the 

surface evapotranspiration and potentially aggravated the lack of water[25]. If the precipitation did 

not increase in the same period, the growth of vegetation was limited and would decline the 
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vegetation carbon storage. At the same time, the average temperature in the growing season in this 

area was higher than that in other months, and the vegetation in the growing season was sensitive 

to precipitation [26]. Thus, the precipitation promoted the growth of vegetation and affected the 

vegetation carbon storage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3 Percentage (%) and average correlation coefficient of vegetation pixels in the different correlation 

intervals between carbon storage and climatic factors of each vegetation type in the growing season 

Vegetation 

Types 

Number 

of pixels 

-0.99~-0.5 

Percentage 

-0.5~0 

Percentage 

0~0.5 

Percentage 

0.5~0.99 

Percentage 

average correlation 

coefficient 

T P T P T P T P T P 

Forest land 5936 25 4 41 19 29 31 4 44 -0.19 0.35 

Cultivated 

land 
9793 23 8 48 29 25 44 4 24 -2.00 0.15 

Grassland 791 22 6 42 23 31 39 4 32 -0.16 0.24 

Unused 

land 
1652 25 17 39 29 30 37 6 26 -0.17 0.07 

Note:T= Average monthly temperature of growing season,P=Average monthly precipitation in growing season 

 

Fig. 7 Distribution of correlation coefficients of the vegetation carbon storage with temperature (a) and 

precipitation (b) during the growing season in the region with unchanged vegetation type from 2001 to 

2015 
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Partial correlation analysis of the changes in vegetation carbon storage and climate with 

changes in land use/cover 

From the above analysis, the changes in land use/cover and climate affected the change in the 

vegetation carbon storage. The partial correlation analysis of the vegetation carbon storage with 

climate factors (temperature and precipitation) and land use/cover change (area change of land use 

type)was performed to further determine the main controlling factors. Partial correlation  

analysis results (Table 4) showed that under constant temperature and precipitation, the grassland 

vegetation carbon storage and grassland area, cultivated land vegetation carbon storage and 

cultivated area, and unused vegetation carbon storage and unused land area were significantly 

correlated (significance level ≤ 0.05). The forest land carbon storage and the forest land area were 

not significantly correlated (significance level ≥ 0.05). The forest land carbon storage and the 

forest land carbon density were significantly correlated (significance level ≤ 0.05). In the case of 

the unchanged vegetation area, the carbon storage of each vegetation was not significantly 

correlated with temperature and precipitation (significance level ≥ 0.05). This result indicated that 

the main influencing factor of the vegetation carbon storage changes in grassland, cultivated land, 

and unused land was the change in the vegetation area and that the main factor of the changes in 

the forest vegetation carbon storage was the change in the carbon density. Therefore, the changes 

in the vegetation carbon storage in the growing season of the Sanjiang Plain were determined by 

the changes in land use/cover and vegetation carbon density. Although temperature and 

precipitation affected the vegetation carbon storage when only considering climate factors, the 

partial correlation analysis with land use/cover change showed that climate factors had no 
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significant correlation. This finding suggested that the changes in land use/cover and the 

vegetation carbon density played a dominant role in the changes in the vegetation carbon storage. 

Table 4 Partial correlation analysis of the vegetation carbon storage and the changes in climate and land 

use/cover during the growing season from 2001 to 2015 

Control variable Related variables 
Partial correlation 

coefficient 

Significance 

level 

Temperature 

Carbon storage of grassland 

Area of grassland 
0.99 0.03 

Carbon storage of cultivated land 

Area of cultivated land  
0.99 0.01 

Carbon storage of unused land 

Area of unused land 0.95 0.05 

Carbon storage of forest land 

Area of of forest land —— 0.27 

Carbon storage of forest land 

Carbon densities of forest land 0.99 0.04 

Precipitation 

Carbon storage of grassland 

Area of grassland 
0.99 0.05 

Carbon storage of cultivated land 

Area of cultivated land 0.99 0.02 

Carbon storage of unused land 

Area of unused land 0.95 0.05 

Carbon storage of forest land 

Area of of forest land —— 0.45 

Carbon storage of forest land 

Carbon densities of forest land 
0.99 0.05 

area change of land 

use type 

Carbon storage of grassland 

Temperature 
—— 0.25 

Carbon storage of cultivated land 

Temperature —— 0.14 

Carbon storage of unused land 

Temperature —— 0.47 

Carbon storage of forest land 

Temperature —— 0.49 

area change of land 

use type 

Carbon storage of grassland 

Precipitation —— 0.41 

Carbon storage of cultivated land 

Precipitation —— 0.32 

Carbon storage of unused land 

Precipitation 
—— 0.48 

Carbon storage of forest land 

Precipitation 
—— 0.38 
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Discussion 

After decades of reclamation and urbanization in the Sanjiang Plain, the land use/cover has 

changed significantly. In 2001–2015, the conversion among land use/cover types is frequent and 

complex. The increase in the areas of cultivated and construction lands, the decrease in the areas 

of forest land, grassland, and unused land, and land use/cover changes occur in cultivated land, 

forest land, grassland, and unused land. The vegetation carbon storage of the Sanjiang Plain in 

2001–2015 increases continuously (total increase = 97.65 Tg). Chang Shouzhi et al. [27] have 

analyzed the effect of land use/cover changes on the vegetation carbon storage in the Sanjiang 

Plain in 1954–2005 and shown that the land use/cover of the Sanjiang Plain changes significantly 

in 1954–2005. The cultivated land has increased in a large area, and the taxes on marsh wetland, 

forest land, and grassland areas are reduced. This finding is generally consistent with the results of 

this paper. In terms of the changes in the carbon storage of the Sanjiang Plain, the vegetation 

carbon storage is continuously reduced in 1954–2005, which is contrary to the results of this paper. 

Reasons include different time scales and large changes in land use/cover types. Moreover, when 

Chang Shouzhi et al. are calculating the change in the vegetation carbon storage under different 

land use/cover changes, the carbon storage per unit area of forest land is considered the highest, 

and the conversion of forest land into other land use/cover types decreases the carbon storage 

without considering the change in the vegetation carbon density of each land use/cover type. In 

this paper, the remote sensing data for the four periods from 2001 to 2015 are used. These data 

consider the changes in the carbon storage caused by the conversion of land use/cover types and 

the vegetation carbon density caused by factors, such as changes in the vegetation growth. 
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Climate and human activities are the main factors affecting the carbon storage of the ecosystem 

[4]. This finding is basically consistent with the results of this paper. However, in the partial 

correlation analysis between the changes in climate and land use, the main controlling factor for 

the vegetation carbon storage is land use/cover change, and climate factors have no significant 

effect. The reason may be that the changes in land use types caused by human activities can lead 

to changes in vegetation within a short time scale, which affect the changes in the vegetation 

carbon storage in the entire region, but climate change requires a long time scale to affect the 

vegetation significantly[28]. Therefore, in future studies, the time scale should be extended to 

further explore the impact of climate change on the carbon storage of the regional vegetation. 

 

Conclusion 

In this paper, the dynamic changes in land use/cover and carbon storage in the Sanjiang Plain from 

2001 to 2015 were studied, and the correlation between carbon storage and climatic factors was 

analyzed to discuss the impact of land use changes on the vegetation carbon storage. The 

vegetation carbon storage response to changes in land use/cover and climate was analyzed 

comprehensively. Results showed that in 2001–2015, the cultivated and the construction lands in 

the Sanjiang Plain continued to increase, and the forest land, grassland, and unused land decreased. 

In 15 years, the vegetation carbon storage showed an increasing trend. The carbon storage of 

forest land and cultivated land continued to increase, whereas the carbon storage of grassland and 

unused land decreased. The vegetation carbon densities of cultivated land, grassland, and unused 

land did not change significantly, but the carbon density of forest land increased significantly. In 

2001–2015, conversion into different land use types and changes in the vegetation carbon density 
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directly led to changes in the vegetation carbon storage. The vegetation carbon storage of the 

Sanjiang Plain was remarkably affected by temperature and precipitation. On a pixel-by-pixel 

analysis, the carbon storage of various vegetations in the Sanjiang Plain was negatively correlated 

with the average temperature and positively correlated with the average precipitation. The partial 

correlation analysis of the changes in climate and land use/cover indicated that the main 

influencing factor of vegetation carbon storage changes in grassland, cultivated land, and unused 

land was the change in the vegetation area and that the main factor of the forest vegetation carbon 

storage changes was the change in the carbon density. Therefore, the changes in the vegetation 

carbon storage in the growing season of the Sanjiang Plain were determined by the changes in 

land use/cover and vegetation carbon density. The influence of climate factors was not significant. 
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Figures

Figure 1

Geographical location of the Sanjiang Plain and the distribution of meteorological stations Note: The
designations employed and the presentation of the material on this map do not imply the expression of
any opinion whatsoever on the part of Research Square concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This
map has been provided by the authors.



Figure 2

Land use/cover pattern in Sangjing Plain Note: The designations employed and the presentation of the
material on this map do not imply the expression of any opinion whatsoever on the part of Research
Square concerning the legal status of any country, territory, city or area or of its authorities, or concerning
the delimitation of its frontiers or boundaries. This map has been provided by the authors.



Figure 3

Land use/cover changes in the Sanjiang Plain

Figure 4



Note: The changes in the forest carbon density and the average carbon density refer to the primary
coordinate axis, and the changes in the cultivated land, grassland, and unused land refer to the secondary
coordinate axis. Changes in the vegetation carbon density in the Sanjiang Plain

Figure 5

Note: The forest land vegetation carbon storage and total vegetation carbon storage refer to the primary
coordinate axis, and the vegetation carbon storage of cultivated land, grassland and unused land refer to
the secondary coordinate axis. Changes in the vegetation carbon storage in the Sanjiang Plain



Figure 6

Note: The changes in the forest carbon storage and the total vegetation carbon storage refer to the
primary coordinate axis, and the changes in the cultivated land, grassland, and unused land refer to the
secondary coordinate axis. Changes in the vegetation carbon storage at different time points in the
Sanjiang Plain



Figure 7

Distribution of correlation coe�cients of the vegetation carbon storage with temperature (a) and
precipitation (b) during the growing season in the region with unchanged vegetation type from 2001 to
2015 Note: The designations employed and the presentation of the material on this map do not imply the
expression of any opinion whatsoever on the part of Research Square concerning the legal status of any
country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or
boundaries. This map has been provided by the authors.


