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Spatiotemporal heterogeneity and influencing factors of carbon
stock in black soil region from the perspective of dynamic
carbon density

ZHAO Ying-hui, LIU Xue-qi, GAI Zhao-xue

(School of Public Administration, Northeast Agricultural University, Harbin, Heilongjiang 150030, China)

Abstract: [ Objective ] This study aimed to clarify the spatiotemporal heterogeneity of carbon stocks in black soil
regions and the influencing factors, and reveal how land use change affected carbon storage, so as to enrich carbon stock
estimation methods and provide reference for formulating appropriate carbon sequestration policies. [Method] Harbin
City, a representative black soil region, was the study area. The land use data and multi-source spatial carbon density data
in 2000, 2010, and 2020 were employed to reveal the change pattern of carbon stock using time series analysis. The cen-
ter of gravity migration model, exploratory spatial data analysis, and coldspot/hotspot spatial statistical method were used
to characterize spatial differentiation. The geographical detector model was applied to identify the intensity and interaction
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of influencing factors for carbon stock in the study area. [Result] From 2000 to 2020, cropland and forestland were the
dominant land use types in the study area, with pronounced changes occurred, and the areas of land conversion were from
cropland and forestland (only second to land conversion from water area) , mainly into construction land and unused land.
These land use changes shaped the spatiotemporal distribution of carbon stocks, which decreased overall from 6.92x108 t
in 2000 to 6.60x108 t in 2020. The center of gravity of carbon stock under land use change shifted 548.61 m southeastward
in the study area, with the most pronounced migration distance between 2010 and 2020, reaching 451.36 m. Carbon stock
hotspot areas based on land use changes were concentrated and became increasingly expanded, while coldspot areas re-
mained relatively scattered and shrank. Carbon stock under land use change in the study area was commonly influenced by
natural environmental and socioeconomic factors, with elevation, land use intensity, distance from county center, and
slope exhibiting strong explanatory power. Factor interactions were predominantly characterized by dual-factor enhance-
ment, and interactions between natural and socioeconomic factors explained change in carbon stock more effectively than
interactions among factors within a single category. [Conclusion] Between 2000 and 2020, carbon stock under land use
change in the study area generally declines, and carbon stock loss is primarily due to the conversion of high-carbon-sink
land use types (water areas and forestlands) into low-carbon-sink land use types (unused land, cropland, and construc-
tion land) , indicating that human-driven land use change has become a key factor influencing carbon stock. Furthermore,
carbon stock change shows clear spatial clustering, underscoring the scale-dependent impact of human activities on spatial
reorganization of carbon pools. The interaction between natural constraints and human disturbances is a dual-engine dri-
ving model for carbon stock change, with elevation, distance from county center, slope, and land use intensity as critical
influencing factors of spatial differentiation. Accordingly, it is recommended that cropland retirement should be priori-
tized in high-risk areas identified by the slope-distance coupling model.

Key words: black soil region; land use type; carbon stock; spatiotemporal differentiation; influencing factors;
InVEST model
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Fig. 1 Geographical position of the study area
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Table 1 Indicator system of influencing factors
£zt EAIFSES G P QE BTy
Indicator Influencing factor Data source Treatment method
H R A X, : e HHEZS (0] 50 2 (https : //www.gscloud.cn) FIH ArcGIS 10.8 H1[) Extract By Mask $£t
Natural X, 35 25 (A5 2 (https - //www.gscloud.cn ) HFH ArcGIS 10.8 )\ DEM Fids 28
environment X AR o R B R U IR R R P FIFH ArcGIS 10.8 H1 () Extract By Mask 41X
(https: //www.resdc.cn/)
X, ARRRK R rp R B T S PR R O FIHI ArcGIS 10.8 1) Extract By Mask 41
(https://www.resdc.cn/)
X: 3T [ R R G R b  HEr HL FIH ArcGIS 10.8 H'f#¥ Extract By Mask $21i
(http://soil.geodata.cn)
X,:NDVI vh [ Rl B e T S PR R R s FIH ArcGIS 10.8 H1[) Extract By Mask $£Ht
(https://www.resdc.cn/)
AR X, N1 rh Rk B R S SRR O FIFT ArcGIS 10.8 H i Extract By Mask #21t
Socioeconomy (https://www.resdc.cn/)
X,:GDP vh [ Rl b e T S PR R A R s FIH ArcGIS 10.8 H1[) Extract By Mask $£Ht
(https://www.resdc.cn/)
X, : PEK I B A2 [ I BB E SRR S RS FIJT ArcGIS 10.8 H111J Euclidean Distance
(https://www.webmap.cn )
X, PRI 2 [ HE B IR H IR RS FIF ArcGIS 10.8 H#4 Euclidean Distance 321X
(https : //www.webmap.cn)
X, PRI EPE A [ I B H SRR s RS FI T ArcGIS 10.8 H11J Euclidean Distance 2
(https://www.webmap.cn )
X, BEE LGRS 2 [ HE B H IR 5 RS FIF ArcGIS 10.8 H#4 Euclidean Distance 321
(https : //www.webmap.cn)
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Table 2 Land use conversion matrix in the study area from 2000 to 2020 (km?)

A LA 2SR 2020 4F
Year Land use type P it il K AR RAE
Cropland Forestland Grassland Water area Construction land Unused land
2000 L 46372.79 627.90 189.22 128.42 579.84 451.89
Ml 785.34 46063.31 364.41 71.56 14.48 437.46
R 179.95 154.54 1716.35 12.28 9.09 46.58
piei 253.77 9.20 89.95 1576.03 23.38 2910.15
A 204.38 6.81 2.69 3.61 3025.10 4.41
KA 246.74 23.41 15.67 44.46 5.12 1538.37
2000 4 20104 2020 4

it Cropland
W Forestland

i Grassland

K Water area
W LT Construction land
W ARFIFIHE Unused land

0 1530 60 km 0 1530 60 km
[ | [ I ]

b Cropland
Wi Forestland
T Grassland
Tk JKIR Water area
WAL ruction land WAL Construction land
and W AF I Unused land

R

B2 2000—2020 R X it F AEBH=E 5 HER
Fig.2 Spatial distribution of land use types in the study area from 2000 to 2020
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Table 3 Carbon stock change caused by land use conversion in the study area from 2000 to 2020

R 2R R4 TR AR L4 (t) Change 3 H
Land use type conversion (k) 4y AR TR BRI GakfEkt Feik
Area Above-ground  Below-ground  Soil carbon Total carbon fif Rk ()
biomass carbon  biomass carbon pool stock Carbon stock
pool pool loss from
land use
conversion
#EH—#f i Cropland-cropland 4637279 -2096725 -1043879 -10257319  -13397923  -8.08x10°
Bri—AMs Cropland-forestland 627.90 867963 375499 1817161 3060623
Brb—r 3 Cropland-grassland 189.22 -322593 139934 -993853 -1176512
Brhi—sKIL Cropland-water area 128.42 125140 75123 774198 974461
B —71% FAHb Cropland-construction land 579.84 -530853 -414287 23233158 -4178298
Hs—AF I Cropland-unused land 451.89 769181 -356099 5630364  -6755644
Mti—#kih Forestland-cropland 785.34 -755886 -329634 -1681864  -2767384 -8.20%10°
FiHb—Hki Forestland-forestland 46063.31 1767771 791735 3187436 5746942
MHi—F i Forestland-grassland 364.41 -558638 -250239 -851310 -1660187
M —7K 38, Forestland-water area 71.56 -108882 -90307 506283 307094
Mth—#E 5% I Forestland-construction land 14.48 -50592 227712 -125558 -203862
HHs—AFI i Forestland-unused land 437.46 -707107 -436837 2732409 -3876353
B —#F b Grassland-cropland 179.95 86736 -37990 250127 298873 1.46x10°
U —K M Grassland-forestland 154.54 167141 75128 193548 435817
B —ET b Grassland-grassland 1716.35 302455 135445 533403 971303
H—sKI® Grassland-water area 12.28 11345 6725 62546 80616
B H—32 15 I Grassland-construction land 9.09 -11577 -6026 -44357 -61960
B — A F b Grassland-unused land 46.58 -167640 -73106 -366171 -606917
JK s —#FH Water area-cropland 253.77 -172837 -97396 -1194638  -1464871 -1.05%107
JKI—MHh Water area-forestland 9.20 48723 22842 -108235 -36670
JKI— i 4th Water area-grassland 89.95 -10586 -8214 -48846 -67646
7K —7K 3k Water area-water area 1576.03 166938 163060 1301805 1631803
K3 —#: 15 il Water area-construction land 23.38 -18334 -20883 -109314 -148531
JKI—ARF FH b Water area-unused land 2910.15 -670072 -708184 -7412158 -8790414
A —FFH Construction land-cropland 204.38 275971 177508 1140109 1593588 1.84x10°
B FH#—HfHb Construction land-forestland 6.81 17195 9214 43649 70058
A I —5 i Construction land-grassland 2.69 10606 4554 26250 41410
% i Hb—/K 3, Construction land-water area 3.61 2759 2092 11875 16726
R H—H 1% I Hb Construction land-construction land 302510 432800 287726 -1850699  -1130173
A FHHE—A A i HL Construction land-unused land 4.41 -42201 -25900 188436 120335
A F Hb—#FHb Unused land-cropland 246.74 71647 27238 378993 477878 9.04x10°
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