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Abstract: [ Objective] The forest carbon sink value in the Inner Mongolia Autonomous Region was quantified,
and pathways for realizing the value of ecological products were explored, in order to deeply understand the
intrinsic mechanism of changes in the carbon sink value of forests in this area and provide theoretical references for

promoting the sustainable management and value realization of forest ecological products. [ Methods] The study
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focused on twelve prefecture-level cities (leagues) in the Inner Mongolia Autonomous Region, covering the
period from 2009 to 2023. A multimetric framework was developed to quantify forest carbon sinks and analyze
their spatiotemporal evolution, integrating carbon sequestration rate, optimal pricing, carbon tax, and
afforestation cost methods for CO, fixation. In addition, multiple regression models and grey relational analysis
were employed to assess influencing factors and the degree of inter-factor association, thereby identifying potential
pathways for realizing the value of forest carbon sink-based ecological products. [ Results] D The forest carbon
sinks of all prefecture-level cities (leagues) in Inner Mongolia increased significantly, with the most notable
growth observed in 2014. The total increase ranged from 160% to 200% , with Wuhai City, Bayan Nur City, and
Ulangab City exceeding 240% , and Ordos experiencing an increase of more than 50-fold. @ The forest carbon
sink value in each prefecture-level city (league) showed an overall upward trend, with the fastest growth occurring
in the central regions. Spatially, the pattern was characterized by higher values in the east and lower values in the
west, with peak values in the northeast, declining from the northern and southern edges toward the center in the
midland areas, and from northwest to southeast in the western regions. @ Differences in geographical location,
industrial structure, policy orientation, and forest age structure among the prefecture-level cities (leagues)
resulted in significant spatial heterogeneity in the operational mechanisms and intensity of influencing factors.
Specifically, Wuhai City, Bayan Nur City, Hinggan League, and Hulunbuir City exhibited stronger inter-factor
correlations, while Alxa League, Hohhot City, and Chifeng City showed relatively weaker associations. The
primary influencing factors included economic development, precipitation, forestry output value, forest coverage,
and the scale of forest investment. [ Conclusion] Forest carbon sink volume and value in Inner Mongolia displayed
significant regional differentiation. Future policies should formulate carbon sink development strategies tailored to
local conditions based on each prefecture-level city’ s (league’s) resource endowments and ecological function
positioning. Differentiated pathways for realizing forest carbon sink product value should be explored to promote
efficient transformation and value realization through region-specific, refined management in Inner Mongolia.
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golia Autonomous Region
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Table 2 Factors and specific indicators affecting value of forest carbon sinks
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Fig.1 Changes in forest carbon sequestration in leagues ( cities) of Inner Mongolia Autonomous Region from 2009 to 2023
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Fig.2 Changes in forest carbon sink value in leagues ( cities) of Inner Mongolia Autonomous Region from 2009 to 2023
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Fig.3 Spatial distribution of forest carbon sink value in leagues ( cities) of
Inner Mongolia Autonomous Region from 2009 to 2023
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Table 3 Regression results of influencing factors of forest carbon sink value in leagues
(cities) of Inner Mongolia Autonomous Region from 2009 to 2023
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Fig.4 Correlation degree of influencing factors on forest carbon sink value in Inner Mongolia Autonomous Region

3 Wi

AN SCHE A N S A IR DX B T AR AR AR L
A, 45 7 HL N 28 AR AR RR AR 52 i D3RR AL O B
JE KT T 4 s AR bR G T AT R S 22 0 A B A 2 i
I E S LA B o AT, ARMRBR I A 255 dh
B 5 B A P A7 T A 25 0, AT M IR AT, 52 5
R, 72 B M f B S PRI (045 R b A 257 i A A A
ARG R B RO HE A AILES . N5 AR IX

SR REON FENE X Z— M T E AR
SCHY S BE Se AT X, AT A7 A8 A2 25 5™ b i (i 5 BLBOR
A A M (AR SR 2D R AR R — S )
A T N2 4E T R GE T R MR A 257 i A {EL 5
BLHY A2

(1) B AR 25 ™ b B2 A wfl ™[] Je 48 5 ik 31 A {EL
R 05 05 o R Ay, O 56 8 A A A A (B VA A AR
2023 4F , N 57 AR DO T A& LR T80 A AR X T
JB AR A5 b M (S ML 3, RSB AE K% 2 I HE



164 pi s U E SR

o545 %

A T AT bR DX S O B 3 T K 5 B, B R R bR A 3
7 sty M 0 R (B A B B B A A 2 T 3 L
Gy A F A S T (B 52 BRI BIL ) 45 T A AR
PARE o AW FE LB I ™ B A58 5y 46 i o4 DDA A BE
RS AR MBI M {6, 5 JE LA B o & w, {RL 2200 T AL
ESE SN SO 1S I e SO~ VNG AP VR I
WLAE I 4 A 45 R | 22 8 8 UK P S8 T ROk
JO7 AP TS A8 A TT B A, W] LA, B B A A A B 800 I A
BARR R FHT, & T AR AR AR S E R
T VAl (9 B 1 ) EEATS 77 £ TR AR T8 10 25 ], A 1Y
5 ) FH R M T ¢ 5 X sk T 0 AT PP A
a3 o 3 MR AR bR B B R X e S Y (6 2 AT
2 5 O A 45 R e Z R e T M A AR A
Sy EM Ik Z 25 R . WA TR E Bk 5L B T BB AP
S 3% BhAA G — B AR A7 A ARV A R ZR R R
{52 B0 A B R

(2) 42 i RR ARE DAY 2B 7 g 0 5 B AR 257 a4
{EL B AR AR, V7 ft 4 2% bR B 5 4 A S04 AL . F 5
R W BRI 1 m® 2 AR AT A AP i 1.83 1y —
A B B 1.62 1 R, IR T AR AR BT IR AY 3
A AR 7 T J2 B v AR AR A= 7 S (8 R 52 B A 257 il
I E B R L A o T BRI 45 - O KT i 2t U
I B A 5 B R A S ST M R R DT A 4R &R s ARy
SEMIRE N TIARGE B AR08 S BRI B AR AR
& BUR P T 5 e I 4 i ARSI 9% . O M7 BUR
5 A N A BOR AT, A 85 1 15 Mol A ol 3t 3 552 B
B, G 1) Ky F ARG E TR i 4 TR Il
PEBE S 3G MBI 22 Bl ST AR v AR BRI HIL D 4
ML T BSOS S LW HEARANA . O KA T4
R a4 SUNU S =S BuR L SIBYSIEL I N NE PO E 4TS
7 A A 0 T L BH B 0 ol B 7 5 1 2 (e %
AR i PR ER L

(3) 57 AR AR AL 7™ b A0 AR 28577 i T & 1Y S FF
il B R S B, MR A IX I8 22 S PR R 2 o0 A AR A
A S B ST [ IR X 4% B T 2R AR e I 4 A
B A I 25 A% Jm b 22 S R, 25 R R A () B
AR A (B B0 2 SR80 5 5 e e R O BRI Y S
(] 5 i 1, I AR 48 DX 3850 A R A S AT 20 XA B 3
P b 1 R SR DA 3 AR AR AR A A R . AR
ST AT AR R 2% 22 W AR X At ST AR B S R AR A
Gy 6 RS TT R 2 B MR BRI H 3l 2 A A A 5E
Gy IR O IR AL By AR AT R R AR
7 2 1 AR MR T A 257 A B B, O [ 2 St
AR T 4 I 55 g T WA A B LR 5 7 SR B
Ui el R B Y T A DI, N ST A 2R AR A B A

A I B SO JRE ol o S < L K AR T
VLR G IR B LR N BRI A A R T R
AR AR AR S B 317 i, 328 A 2l e R E A ol S5t e
ICHBCHRL S "

4 8

(1) 2009—2023 4E N 52 1l A 1A X 4 B T 2R AR Bk
T B S0 B 3 1 A, B IR R 4 A T 160.00 %6~
200.00 % , #5 B8 T AR MR a I 12 7F 4 B 5 /IR R MR TE A
Jil 13 (2009—2013 4F ) F 56 JL UK £% PR I8 25 8 191 (2014
— 2018 4F ) Y 43 FLAE 1y (2014 4F ) Hy B0 i 25 14 hn , 484 i
Bt 120.00 % , o 5 4 AR AR 5 U5 3 A S8 0 47 2 e
B 11 B K By 4007 AR EE PR R AR T . B L AR
T S T A HE B U O A PR R A e B K, B T G o
B HF IR AR S A S R S B 200.00% B Ph b () R 2k
Ko, VS T R Y K o R 25 R, AR oy B R AR
A1 52 HUHT AR IR = A S O B B A R

(2) 2009—2023 4F N 52 i F IR X 45 2 T 2% ik
T B A7 A6 D S (H B M S TR 8 3% b T R 3, LR
¢ JE W1 43 FLAE Ay 2014 4F Fi 2019 45 A8 £k iR R AR
ST B A DXRR AR I AN A 43 A B A B 0 2 ) 4R
A2 0] JE 45 R AE S S H AR 1)V 3 e i
ALK SR A X R D T AR IX, JE L AR L ER
) A T B ey, IR X AR A F P 3 b X, 7 R b )
DN 52 % AR AR A v e A e R g I R i ) e S 3 U
VG H P b 1) 7R e 3 ek 2 TR0 A% )

(3) & 3% Ao AR MBUR T 1T & 404t [\ 9K
NN AR KRR E AR L B & T4 3
IR BE R A SN 21 (S INEE S AN R TR AN
], 4 B 25 09 08 7 20 R0 5% ) A B EL AT B 10 2 )
S Ho, ST B LR T L %% R
DUZRTIT B 48 b DG IR AR B2 A, W) v 5 B WP R 3% R T
FIR W TIT A 48 bR DG IR BE /N o G R ) Rl R AL S 4
UF & AR DL K BRI 7 {E L AR T B RAR MR
WE R, LS B BEAE 0.70 DL b Y 80 VR A e 5 3 MK R T
PRSI RN 32 20T R B 0 DG B R LA B 0 b R gy

S

% 2% 3Lk (References)

(1] 2% AR S m o (A S2 3 S BEALE QR [T, i 4
Wb ,2021C1):4-11.
Tan Rong. Value realization and governance mechanism
innovation of ecological products [J]. China Land, 2021
(1)>:4-11.

(2] |, £ 20 MG . Il Ve 4 BRI IE 28 5 I E PP AN S5 5
T R R RDETE LT ] 23 ML, 2023(7) 1 120-128.



53]

IR [ A5 Sl EVA BRI AZ B 45 AR 25 7 o 1 5 B B AR 165

[3]

(4]

(6]

[7]

[9]

[10]

Cao Heng, Wang Di, Zhao Peng. Evaluation of eco-
nomic value of forest carbon sequestration and construc-
tion of carbon sequestration trade evaluation system in
Shanxi Province [J]. On Economic Problems, 2023(7) :
120-128.
R GRS W, 55 R e VLA AR S &
Ce I A2 A i 5 N LT ] A= 352 2 75, 2024,
43(1):197-205.
Xu Siruo, Cheng Zhiying, Na Xueying, et al. Change
and potentiality prediction of forest carbon sink and its
economic value in Heilongjiang Province [J]. Chinese
Journal of Ecology, 2024,43(1):197-205.
Shi Xiaoliang, Wang Tielong, Lu Shuaiyu, et al. Evalua-
tion of China’s forest carbon sink service value [ J]. Envi-
ronmental Science and Pollution Research, 2022, 29
(29):44668-44677.
A bs AU . B e VAR AR ARBIE W 0 A B [T ] Al
Z Yl 2006,26(6) :519-522.
Xi Tingting, Li Shunlong. Analysis of forestry carbon
mitigation potential in Heilongjiang Province [J]. Prob-
lems of Forestry Economics, 2006,26(6):519-522.
Zhao Jing, Hu Hui, Wang Jinglei. Forest carbon reserve
calculation and comprehensive economic value evalua-
tion: A forest management model based on both biomass
expansion factor method and total forest value [J]. Inter-
national Journal of Environmental Research and Public
Health, 2022,19(23):15925.
EOR B UM B TR SR T Y T A AR AR
e se [ T] A F#,2016,35(4) :113-118.
BiJun, Wang Chao, You Haizhou. Forest carbon seques-
tration estimation based on Greenhouse Gases Inventory
in Hebei Province [J]. Ecological Science, 2016,35(4) :
113-118.
XUFE T AR AR B T it S SEEOR BT[], M0l 38 A
&11,2023,52(2) :86-90.
Liu Yanli. Research on the application of key techno-
logies for forest carbon sink measurement [J]. Forest
Investigation Design, 2023,52(2):86-90.
SR UG 524 B AL mUTT AR AR A ek FRR I 28 5F AN BT 5
[T].Aholl 9 P45 28, 2021(6) : 52-58.
Zhang Feng, Peng Zuodeng. Biomass carbon stocks and
carbon stock economic value of forests in Beijing [J].
Forest Resources Management, 2021(6) :52-58.
KA, By B 25 TR T AR R I A (8 A% B B A G (1] At
T[T ] BB R, 2022,22(5) :83-92.
Zhang Ying, Yi Aijun. Forest carbon sink value account-
ing and related issues study in Chengde City [J]. Innova-
tion Science and Technology, 2022,22(5):83-92.
Sy ERER AR, A5 b E AR AR e A I B
S W 5 % UR AL [J/OL ] B R4, hups: /doi.

[13]

[15]

[16]

[18]

[19]

org/10.13227/j.hjkx.202501123.

Zhou Jianli, Wang Yaqi, Xu Zihan, et al. Measurement
of efficiency, total volume prediction, and resource
allocation for China’s forest carbon sink [J/OL]. Envi-
ronmental Science, https: //doi. org/10.13227/]. hjkx.
202501123.

B YL, R, @8 TR RS A 0 A s
il M S8 BB AR (T]. A SR BE R A 4, 2024, 39 (12) -
2946-2961.

Duan Yuankai, Liang Liutao, Gao Pan, et al. Research
on the realization path of ecological product value based
on the perspective of supply and demand integration [ J].
Journal of Natural Resources, 2024,39(12):2946-2961.
B BRAT A AR AR AT (S B S B A
SET A AR BRI 87 A M R 5= ) i) FLAR BB TSR [T
AR BSR4 41, 2023, 38(10) : 2504-2522.

Xie Xiansheng, Chen Shaozhi, Zhao Rong. The practi-
cal logic of ecological product value realization: A study
of grounded theory based on 87 typical cases in the field
of natural resources [J]. Journal of Natural Resources,
2023,38(10):2504-2522.

B R, EMeRk AR EDR, 55 BT BEIR - B - B -
&7 F AL B AR R AR AR A (S LRI LT ] PR
YEUR 5 B8, 2024, 34(3) :60-67.

Cai Weimin, Wang Yanqiu, Lin Guobin, et al. Value
realization mechanism of forest carbon sink based on the
transformation path of ‘resource-asset-capital-fund’
[J]. China Population, Resources and Environment,
2024,34(3):60-67.

Fu Yue, Xiong Kangning, Yan Jiawang, et al. Mecha-
nisms and paths for realizing the value of karst ecological
products in Hebei Province [J]. Sustainable Develop-
ment Research, 2025,7(1):p73.

Shao Jingbo, Cai Chengzhi. Influential mechanism of
green consumption on the realization of ecological prod-
ucts value in China [J]. Frontiers in Sustainable Food
Systems, 2025,8:1460497.

ZFu e, B, A 5F W R T R T S AR
MBI IR BB [T]. JbJr &35, 2023(2) : 27-30.
Qin Fucang, Zhao Pengwu, Li Long, et al. Thoughts
on enhancing Inner Mongolia’ s forest carbon sequestra-
tion function under the background of“dual carbon” [J].
Northern Economy, 2023(2):27-30.

PR SC, XA AR W e . N Sty I R e s A 2 R A ik 55 2
REMHE TR AT 5 (7). REdbaF 42, 2004, 12(3) : 165-169.
Min Qingwen, Liu Shoudong, Yang Xia. Evaluation of
the ecosystem services of the Inner Mongolia steppe
[J]. Acta Agrestia Sinica, 2004,12(3):165-169.
FREKR 22, RIE 45 NS DL B A S R S IR
% T RE A ATAl [T]. o m Aol B K 2= 2240, 2011, 31



166

JK A PR T A

o545 %

[21]

[22]

[24]

[25]

[26]

(12):43-48.

Zhang Qiuliang, Chun Lan, Wu Tong, et al. Evalua-
tion for forest ecosystem service functions of Manhan
mountain in Inner Mongolia [J]. Journal of Central
South University of Forestry & Technology, 2011, 31
(12):43-48.

BEAR, EWR W Is s, 55 AR MO R AR A A 25 IR 55
Ty fE i 6L VAl [T ], 74 Jb A2 B 2 i, 2015, 30(5)
196-201.

Guo Yudong, Wang Xiaohong, Xing Tingting, et al.
Forest ecological service function value assessment in
Genhe of Inner Mongolia [J]. Journal of Northwest For-
estry University, 2015,30(5):196-201.

SR, SRMEH L TR, 45 3 BRI AZ S A AR
7 [T ] AL sl R 52448, 2010, 32(2) : 194-200.
Zhang Ying, Wu Lili, Su Fan, et al. An accounting
model for forest carbon sinks in China [J]. Journal of
Beijing Forestry University, 2010,32(2):194-200.
KUMFIR , A 5% 52 , BN, 5 . ARARBIR I B8 7 4 (B 1 ik
FELT] dE gk 2, 2022(1) : 50-54.

Liu Meijuan, Zhu Jiawen, Qiu Yingping, et al.
Research on the measurement of forest carbon sequestra-
tion asset value [J]. Chinese Agricultural Accounting,
2022(1) :50-54.

BB GBI S IR 7l T o ¥ N A S i
PR R IR] AL A b ERL 2 B oo 3R 2 5 B IR 50 i
2007.

Li Wenhua, Xie Gaodi, Xiao Yu, et al. Beijing forest
resource asset evaluation method system [R]. Beijing:
Institute of Geographic Sciences and Resources, Chinese
Academy of Sciences, 2007.

HE, 2=, H KL D B TR R [T
H AR Y IR~ 4, 2011, 26(1) : 1-10.

Xie Gaodi, Li Shimei, Xiao Yu, et al. Value of carbon
sink: Concept and evaluation [J]. Journal of Natural
Resources, 2011,26(1):1-10.

FEARE R, 2RI, 45 .2010—2060 4F o [ AR A A 2
F O[] Bk 7 A48 48 B O v IR 4R S (). B A
#%,2022,77(7):1808-1820.

Cai Weixiang, Xu Li, Li Mingxu, et al. Imbalance of
inter-provincial forest carbon sequestration rate (2010—
2060) in China and its regulation strategy [J]. Acta
Geographica Sinica, 2022,77(7):1808-1820.

BUR RIS AR LS i E RO S AT I 2 0 5 S 5
Wiy 2RI A A [T [ R BT R 2, 2024, 44(2)
1158-1170.

[27]

[28]

[30]

[31]

Guan Jun, Zhang Shaopeng, Ren Yue, et al. Random
forest model-assisted evaluation of spatiotemporal differ-
entiation of China’s agricultural net carbon sink and evo-
lution of influencing factors [J]. China Environmental
Science, 2024,44(2):1158-1170.

AR PN R Al RS X AR Al T iR 48 2
Wiy R ML A AIE 5 [T ] A el Al B R -5 IX A, 2022, 43(9) -
263-272.

She Zongyun, Sun Le, Chen Shengwei. Study on the
influence and mechanism of agricultural insurance on
agricultural carbon sequestration efficiency [J]. Chinese
Journal of Agricultural Resources and Regional Plan-
ning, 2022,43(9):263-272.

MBI BUER, & W B8 5 R IR P X ROl
2 (O IR & % 1) 52 ) < B T B0 ST MR 7 IRy I A AR
Y[ T]. R AR 2255, 2023(2) 1 41-65.

Wei Mengsheng, Yan Tingwu, Luo Sixuan. The
impacts of scale management and technological progress
on green and low-carbon development of agriculture: A
quasi-natural experiment based on the establishment of
major grain-producing areas [J]. Chinese Rural
Economy, 2023(2) :41-65.

PV SC .l 7 A 2507 A (B S BUALAR - X R R
fefbitie[ V] Kkt 2 Fha,2023(4) . 87-97.

Sun Bowen. To establish the mechanism for realizing
ecological product value: Difficulties and optimization
paths [J]. Tianjin Social Sciences, 2023(4):87-97.

B L, 2, B A D b R AR K e BUIR A TE ]
HEORAEWT]. £ EH,2022,38(2):104-109.

Hu Yuan, Cheng Ying, Zeng Weizhong. Development
status, problems and policy suggestions of forest carbon
sink in China [J]. Ecological Economy, 2022, 38(2) :
104-109.

HRAR  BRER . AR AR BRI 22 5 O (BT AR BT T DUAR A4
BILT]. PRI R 2 4 CH R B2 D |, 2021, 43(5)
121-128.

Zhang Juan, Chen Qin. Study on economic value assess-
ment of forest carbon sequestration: Taking Fujian Prov-
ince as an example [J]. Journal of Southwest University
(Natural Science Edition), 2021,43(5):121-128.

SR, W A AR 22 U A SR L B B ot 3 e o WF 5
[1]. 43858, 2016,33(11): 71-76.

Zhang Ying, Pan Jing. The research on economic
accounting of forest carbon sinks and its balance sheet
establishment [J]. Statistical Research, 2016, 33(11) :

71-76.



