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Temporal and spatial evolution and prediction of carbon stocks in Yili Valley based on MCE-CA-Markov
and InVEST models

SHI Mingjie'?, WU Hongqi'*", JIA Hongtao'?, ZHU Lei'?, DONG Tong"?, HE Panxing', YANG Qiangjun'”

(1.College of Grassland and Environment Sciences, Xinjiang Agricultural University, Urumqi 830052, China; 2. Xinjiang Key Laboratory
of Soil and Plant Ecological Processes, Urumqi 830052, China)

Abstract: Changes in carbon sources and sinks in terrestrial ecosystems are closely related to the evolution of land use/cover change
(LUCC). The mechanisms of land use change on carbon stocks in terrestrial ecosystems were investigated to provide theoretical references
to understand the influence of spatio—temporal evolution patterns on regional carbon stocks. Based on the LUCC data of 1980—2020, the
spatio—temporal dynamics of LUCC of the Yili Valley in 2030 were simulated through multi—criteria evaluation (MCE), cellular automata
(CA), and Markov chain models. InVEST model explored the spatio—temporal evolution pattern of carbon stocks in the Yili Valley
terrestrial ecosystem from 1980 to 2030 under the land use change. The results showed that the MCE-CA-Markov model predicted LUCC
data set and the actual LUCC in 2000, 2010, and 2020, and their Kappa coefficients were 0.929 1, 0.875 5, and 0.929 7, respectively,
indicating that model simulation was highly generalized and could be used to accurately assess the spatio—temporal evolution of carbon
stocks in subsequent years; the InVEST model estimated that the total carbon stock of the Yili Valley was 1 114.95 Tg in 1980, and it
would show a decreasing trend until 2030, with a cumulative net decrease of 65.9 Tg. The retreat of forest and grassland area was the

dominant factor leading to the decrease in carbon stock; and the spatial distribution of carbon stocks in the Yili Valley was generally
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characterized by a nested distribution of high value areas around low value areas. The high value areas of carbon density were distributed in

the southern and northern mountainous forests and grasslands, while the low value areas were concentrated in the central valley plains.

Studying the impacts of land use change on the carbon stock of terrestrial ecosystems can provide data support for carbon pool management

in the study area, and subsequently, provide theoretical reference for the formulation of carbon sequestration and environmental protection

policies.

Keywords:land use change ; carbon storage; MCE-CA~-Markov; InVEST; Yili Valley
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Figure 1 Elevation diagram of the study area
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Table 1 Data and sources needed by LUCC simulation in the future period

e Bk Y 23 [A] 43 HER B
Data Data attributes Year Spatial resolution Data source
- A A — 1980.1990.,2000.2010.2018 ,2020 30 m PR B IR AR F S TG hitp s //www.resde.cn/
A AETUR 2010 1 km FRRLBE R IR R BB 22 B 0 htp < /www.resde.en/
AR R K 1990.,2000.,2010.2015 1 km R BE B U AR FBE H D hitp < //www.resde.en/
AER AU 1990.2000.,2010.,2015 1 km hRHGE B IR A BE RSB 0 http < /Awww.resde.en/
ERNES ey — 30m H P2 A A 2 hitp : //www.gscloud.cn/
Yoz — 30m i T 25 1) 504 2 http < //www.gscloud..en/
H KRB — 1 km BT IR X R KRS X R
AR 2 s AH 1990,2000.,2010.,2015 1 km FRHBE B IR RL A B 0 hip : lwww.resde.cn/
B P A 1990.,2000.,2010.2015 1 km R BE IR AR F B S H D hitp : //www.resde.cn/
N 2010 — [ K Hh Bk R GERE S o0 hitp : //www.geodata.cn/
KR 2010 — E F Bk R GERE R 0 hip - //www.geodata.cn/
e i bR PR 2010 300 m NASA HiERECHE4E M3 ORNL DAAC, https: //daac.ornl.gov
b A A R R 2010 300 m NASA HREHRAE M 3 ORNL DAAC, https ://daac.ornl.gov
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2.2 REIAH 1980—2030 EREER =D H KB

28 InVEST B AL fi fitt F ASE LA 3815 1 1980.1990
2000 . 2010 ., 2020 4E 1 2030 4F ) BB 6if 1 4 51 N
1114.95.1 115.04.1 106.95.1 069.37 .1 059.56 Tg il
1 049.01 Tg. 1980—2030 4F- ][] S5 Bk fith et 411 24
/1 1.31 Tg, 50 4E [ AE 498004 4 1.30% . 1980—2030
ARG AL M S B fifi it L LTS

R2 NE Lt F FAZEE R E (Mg-hm™)
Table 2 Carbon density of land use types in the study area(Mg+hm™)

R R Land use type Ci- e Ci-boon Ci i Cigeut 22 Wk Reference
#Hb Cropland 5.44 2.57 123.83% 1.24 SPAWN Z5231 25 37 |- 42001
3 Forest 37.36 15.60 300.70%* 3.05 SPAWN Z5P31 A 5 [ 4ol
F L Grassland 8.58 7.24 205.22% 0.36 SPAWN ZP31 A= 5 [ 40el
JKI8, Waters 0.93 0.66 82.20 1.23 SPAWN ZP31 A= 5 [ 450el
A% F L Construction land 3.29 2.11 78.20 0.00 SPAWN 45 i 4
KA Unused land 0.75 0.98 56.50%* 0.00 SPAWN 2531 - gz 45!

TE R 2T 1 m UREE T ANR] 3t R FH S TR ) 330 T S DN KO 5 €y L3R T M3t 1 2R W A B TEE 5 vy SR
PR AR R A N A RS E 5 € S R T 3B P AT FEE 5 C - S T R PSS TR B 76 400 v 0 RO 2

Note: * indicates data measured at 1 m depth soil profiles for different land use types; Ci- e is the carbon density of above—ground biomass of

vegetation of land—use type i; C:-pan is the carbon density of below—ground biomass of roots of vegetation of land—use type i; Ci- . is the carbon density of
soil of land—use type i; C: - is the carbon density in vegetation litter for land use type i.
— 1014 — http://www.aed.org.cn
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Figure 2 Spatial and temporal evolution pattern of LUCC from 1980 to 2030 in the Yili Valley
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