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Spatiotemporal evolution pattern, influencing factors and spatial spillover effect

of forest carbon sequestration value in Inner Mongolia
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Abstract; Forest carbon sequestration is crucial for mitigating global warming and promoting the realization of China’s
carbon neutrality goal. Using the optimal price method, carbon tax method and afforestation cost method, the forest carbon
sink value of 12 league cities in Inner Mongolia from 2009 to 2023 was evaluated and its spatiotemporal evolution pattern
was analyzed. The index system was constructed from the four dimensions ofeconomy, society, nature, and scale, and the
spatial econometric model was used to reveal the influencing factors, correlation characteristics and spatial spillover effects
of forest carbon sink value. The results showed that; DOver time, the forest carbon sink value of Inner Mongolia showed an

increasing trend , with faster growth rates in eastern and central Mongolia. Spatially, the overall spatial pattern was “high in
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the east and low in the west”. @The forest carbon sink value of Inner Mongolia had a significant global spatial correlation
and the degree of spatial agglomeration was not constant. The low-low correlation league cities were Alashan League,
Bayannaoer City and Wuhai City; while the high-low correlation league city was Hulunbuir City; and the Xing'an League
showed alternating low-high correlation and high-high correlation. 3)There is a significant positive spatial spillover effect
among the leagues and cities. Specifically, for every 1% change in the forest carbon sequestration value of neighboring
leagues or cities, the corresponding value in the local area changes in the same direction by 0.205%. The level of
urbanization positively impacts forest carbon sequestration value, primarily influencing forest carbon sink value in adjacent
league cities. In contrast, factors such as labor input, local government fiscal expenditure, and forestry management levels
only exhibit a negative impact on the forest carbon sequestration value of neighboring leagues or cities. The results of this
study provide an important reference for in-depth understanding of the internal mechanism of forest carbon sink value

change, and promoting the realization of forest carbon sink value and sustainable management.

Key Words: forest carbon sequestration value; spatiotemporal evolution pattern; influencing factors; spatial correlation;

spatial spillover effects
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Fig.1 Regional overview map of Inner Mongolia Autonomous Region
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Table 1 The index system of the influencing factors of forest carbon sequestration value
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Fig.2 Forest carbon sequestration quantity and carbon sequestration type structure map of various league cities in Inner Mongolia
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Fig.3 Spatial and temporal variation map of forest carbon sink value in various leagues and cities in Inner Mongolia
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Fz2 2009—2023 IEHEZATHERKCNHNEZMERRFLER

Table 2 Regression results of influencing factors of forest carbon sink value in Inner Mongolia league cities from 2009 to 2023

TV YT i)'y H AU HUREAE
Ey HIEES ¢ Economic dimension Social dimension Natural dimension Seale dimension
Gity Cocfficient EL FDL IS UL DL 1L P T FML LE
gL 74.635* -74390%)  -0.504 1.540 12661 1.197¢%)  -0427C%)  1488* 1313 -0529¢%)  -034(*)
Bk 7573 2952 3306%  0813¢)  6.825(*) 2160*)  -0217* 0.054 -0854*) -035(*)  -0.202
Mz -41.497 * 15.986 ** 0.888(*) 0.544 8525 2405(*)  —0124*) -0449¢*)  1.862** -0.008 -0.524¢*)
i) 54.308 ** -62540*) 2051 21857 -9.889* 1.8% %)  0.51¢*) 0232 0459 0.028 0.113
BALYNG -0.148 6.997* -1.992%%* —1475(*)  7902** 5198 -0.185*) 0457 1207'*) 0075 0.541 ***
SHRZ AT 30511 -1.181 -1.708¢*) 0.128 -0817  -1.050 -0.335 0.285 -0.248 0.136 0570
a3k 7271 -1.259 0739 -0.105 -14102 0774 0983 0.206 -0185 0208 0.142
AN 370200 -6028¢*)  -0.102 2375 -3.1200*)-2368*  -0.189 06327 0531 0309¢%)  -0.060
EEY <) -7358 8.570 -1.289¢*) 0376 1840 1819 0.221 08710*) 0813 -0.376 -0.127
TRIETT 12.739 4563 -0477  -0.046 11480 -2,014C*) -0759¢*)  0.098 1363¢*) -0.177 -0.164
LT 65.906 -7828(7)  -1458  -0.206 2848 14020 0081 0667C7)  1.9820%) -0.052 -0.051
S URT 560700 -7937C*)  -1.2480*) -3375* 74920*)-6.204 " 0.056 -0.307 -0.172% 0053 -0.628
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Table 3 Global Moran's I index test of forest carbon sequestration value in Inner Mongolia

2009 2010 2011 2012 2013 2014 2015 2016
0.669***  0.670*™*  0.676™**  0.675***  0.664"**  0.656"**  0.657"**  0.640**"

4> J5) Moran's I 8%k (3.661) (3.658) (3.688) (3.697) (3.665) (3.637) (3.653) (3.590)

Global Moran’s [ index 517 2018 2019 2020 2021 2022 2023 —
0.645**  0.626™™*  0.627"**  0.626°"*  0.636*"*  0.643"**  0.659**"

(3.622) (3.557) (3.554) (3.554) (3.577) (3.602) (3.658)
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Fig.5 Lisa cluster map of forest carbon sequestration value in Inner Mongolia league cities
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Table 4 LM LR Fixed effects test results

Ky 25 LOL e AN it P
Inspection type Test statistics Statistic
LM H6 56 FAS S LM A6 50 73 [ R 2%
LM test and Robust LM test Moran's I $§%% 1.884 0.060
Fiks B H e 7K 56 2.697 0.101
TR A 56 6.098 0.014
23 [ J5
Frks B H e 745 5 61.185 0.000
Tt PR g 64.587 0.000
LR #5535 SDM H7 &SLM #7 80.76 0.000
LR test SDM H7 &SEM 57 50.16 0.000
] 2 20807 A O] B O & b IR ] 2 4N 68.99 0.000
Fixed effects test W S RN & B ) [ S5 500.62 0.000

LM #3565 . hiA% B9 H e K5 Lagrange Multiplier test; A2 g LM K3 . B2 (@ MEHi kS B H e FH2 55 Robust Lagrange Multiplier test; LR A5 ; Bl
SR LK Likelihood Ratio test; SDM AR L 2% A F AR R Spatial Dubin Model ; SLM AR 23 [A] i i AR Spatial Lag Model ; SEM FREIY 23 ] {5 2 A5
Spatial Error Model
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Table 5 Spatial durbin model and spatial effect decomposition results

At Giit it Z Gt
Variable Statistic Z-statistic
25 ] FH ZE AR AY UL 2.594 *** 3.61
Spatial durbin model DL -0.672"" -2.48
LE -0.167"* -2.20
FML -0.086 """ -3.22
p 0.205** 2.42
A 0.019*** 9.19
R? 0.847
A AR BN (R FE AL s i
Variable Direct effect Indirect effect Total effect
23 A1 35N 43 UL 1.473 % (3.82) 3.388 " (3.60) 4.861*** (4.08)
Spatial effect DL 0.018(0.13) -0.763 " (-2.20) -0.745* (-1.68)
decomposition LE -0.060(-1.56) -0.2127"(-2.23) -0.272"" (=2.45)
FML -0.005(-0.32) -0.107 *** (-3.18) -0.106 *** (-2.67)
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