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Dynamic simulation of multi—scenario land use change and carbon storage assessment in Hohhot City based
on PLUS-InVEST model

WANG Zihao', WANG Bing"*, ZHANG Yufei', ZHANG Qiuliang"*

(1. College of Forestry, Inner Mongolia Agricultural University, Hohhot 010019, China; 2. National Field Scientific Observation and
Research Station of Forest Ecosystem of Daxing ' anling, Genhe 022350, China)

Abstract: To explore the impact of land use change on ecosystem carbon storage in Hohhot City , this paper simulates and predicts the land
use and carbon stock of Hohhot City under four scenarios, namely, natural development, ecological protection, arable land protection, and
urban development based on the InVEST and PLUS models. The results showed that the area of land use types, such as impervious surface,
forest land, grassland, and water bodies in Hohhot City increased from 1990 to 2020. The area of land types, such as cultivated land, bare
land, and shrubs decreased, with shrubs and bare land having the highest land turn—out rate of 93.63% and 98.24%, respectively. The
estimation results of the InVEST model indicated that the continuous expansion of anthropogenic ground, erosion of arable land, and other
land use high carbon density land types that resulted in a decreasing trend of carbon storage in Hohhot City from 1990 to 2020. The carbon
stocks in Hohhot City in 2030 under the abovementioned scenarios are predicted to decrease compared with those in 2020. Carbon stocks
in the arable land protection scenario are predicted to decrease the least, followed by the ecological protection scenario, indicating that

reasonable protection measures can effectively reduce the decrease of carbon stocks. The arable land conservation scenario can effectively
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slow down the expansion of urban buildings, while the ecological conservation scenario can effectively increase ecological land such as

water bodies and grasslands. The study shows that the implementation of arable land and ecological protection policies, optimization of land

use structure, and improvement of land use efficiency are all important for the sustainable development of Hohhot City.

Keywords : Hohhot City; PLUS model; InVEST model; land use; carbon stock
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Table 2 Carbon density of land use type in Hohhot (t-hm™)
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Type of land use  BJZE Cuore BRIE Crowe  BRIE Ct BRIE Cind
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I 0.76 0 0 0
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Table 3 Area and proportion of land use types in Hohhot in 1990,2000,2010 and 2020

. 1990 2000 2010 2020
Type i?iid use T L1 [ap5A L1 THIH e TR e
Area/km’ Proportion/% Area/km>  Proportion/%  Area/km>  Proportion/% Area/km? Proportion/%
AN K 157.62 0.92 207.93 121 369.58 2.15 580.15 3.37
it 8 924.09 51.86 9 091.26 52.83 9517.83 55.30 9376.86 54.49
Hhith 7372.83 42.84 715031 41.55 6 542.00 38.01 636227 36.97
A 54.77 0.32 18.51 0.11 9.52 0.06 7.24 0.04
MRt 600.40 3.49 669.69 3.89 708.46 4.12 814.77 473
Hiith 51.47 0.30 27.98 0.16 8.99 0.05 8.43 0.05
TS 1 0 0 1.48x107 8.60x10°° 0 0 1.48x107 8.60x10°°
P/ 47.42 0.28 42.92 0.25 54.75 0.32 58.90 0.34
F4 FEFNGEHEETH 1990—2020 £F £ it F| A E AR 7% 46 BE (km*)
Table 4 Land use area transfer matrix of Hohhot City from 1990 to 2020(km?)
P ﬁlﬂﬂfﬂ%’éiﬂ ‘ 2920 : : o
Yeqr Typeofland AN K T F B A Hh ARt it pLrs: K Rollout rate
use Impervious surface  Grassland  Cultivated land ~ Shrub land  Woodland Bare ground ~ Wetland ~ Waters
1990  RiBI/KIf 151.24 2.66 2.24 0 0.04 0.01 0 1.43 4.05%
it 117.27 7 422,61 1148.90 2.18 213.89 6.18 0 13.07  16.83%
Bt 306.74 1849.31 5187.09 0 15.96 1.32 1.48x10° 1241 29.65%
TEA L 2.22x107 43.78 0.06 3.49 7.44 2.96x107 0 0 93.63%
Rt 0.08 21.02 0.55 1.57 577.14  5.18x107 0 0.03 3.87%
Pt 2.27 35.94 11.62 0 0.06 0.91 0 0.68 98.24%
PN 2.55 1.54 11.80 0 0.25 2.96x107 0 31.28  34.04%
LN 73.93% 20.84% 18.47% 51.80%  29.17% 89.19% 100%  46.89%
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Table 5 Comprehensive index of land use degree in each counties

and districts of Hohhot City

FEIX

Name of the jurisdiction 1990 2000 2010 2020
IR A5 T 25348  253.86 25506  259.83
FUbRAS R EL 240.87  239.09 23893 24298

R X 249.12  251.05  253.93  263.33

b SR 236.48 23332 22543 22223
FFEX 262.08 26538 26739  275.07
B A 258.16  257.17 26033  266.26
FErE s 268.12 27194 27643 28551
v =8 231.54 231.18 226.33 221.08
B X 232.61 23336 230.83  235.11
FIRIX 302.36 30229 31597 32691
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Figure 2 Actual and simulated distribution pattern of land use of Hohhot in 2020
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Figure 3 Comparison of multi-scenario land use in Hohhot in 2030
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Table 6 Carbon storage and proportion of each land use type in Hohhot from 1990 to 2020

1990 2000 2010 2020
S UEES LT e el e f it e f it e
Type of land use  Carbon storage/ . Carbon storage/ . Carbon storage/ . Carbon storage/ .
10°t Proportion/% 10°t Proportion/% 10°t Proportion/% 10°t Proportion/%
PN 0.36 1.26x10° 0.33 1.14x10° 0.41 1.46x10° 0.45 1.58x10°
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st 925.38 3.25 1032.18 3.62 1091.77 3.84 1255.79 4.44
Hil 14 884.99 52.22 15 163.82 53.12 15 873.00 55.80 15 640.19 55.27
Bt 12 490.04 43.82 12113.08 42.43 11080.94 38.95 10 778.08 38.09
Mt 28 501.89 100 28 546.04 100 28 446.46 100 28 298.93 100
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(a)19904F
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Carbon stock <=0.2 t is considered to be decreasing, carbon stock 0.2 t to 0.2 t is considered to be basically unchanged ,

carbon stock >0.2 t is considered to be increasing.

4 FEFRNFERFT 1990.2020 FRfEE=E 9 H R EEE
Figure 4 Spatial distribution and difference of carbon storage in Hohhot in 1990 and 2020
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Figure 5 Spatial distribution of carbon storage under each scenario in Hohhot in 2030

— 300 —

0 20 40

THEAT o XEMAHE TR M A ) 4 A A SR AR AL A 8 v T
R 1 9K B0 PR 28k e B ) S R b R b
) =5 7 3] AR ), X R RO MRl AR
b A St 43 A1 LE W R AR T 58 e VA b X i 1) A []
AR 0 B K A3 At 2 BT 22 5, DR 3 1)
2 T AR A | THE A H - i 2R R AR A ) E UK B A
Fro XK UR TTHREE v ) SR Sl Rk e R L BE K SRR
BN GDPEER R, 4 i 2K 1 25 [a) s SRy ARk 22
LA GDP BE F FE B ik SR R A L.
X T AN B KT, e T AT BE VR i S R
IR T RE BRI I | N B IR S R — A
B R DT AR A v B SR Bl R, e R R R K
T AP P 52 T ARG, X 2 B DR A I T e 18 P o 5
2855 A 2 B I I R B e
4.2 TiF BTAIEREER R

+ R A AR S B e Bk A S R G
AR EE R R Z —. 1990—2020 41 A1
5 T R M T AR R 2D 1 010.56 km?, bR H T R 3G 0
214.37 km?, B3 17 B 452.77 ke, ZK A T X388 i
T 11.48 km®, EAH T FRIR D T 47.53 km®, AN i 7K THI
T ARG I T 422,53 km?, 1990—2020 4F I F1 95 45 17
B it e S B/ 4, 30 40820 T 2.03%10° t, Ho 2
JER R AN 325 7K T T B T, S S0P RN 4 A
ARGt TR PMEESEIXT 2000—2020 4 5 JH T
Bl b A= 25 R G At s A T T ESE , R BLK s Ak b 46
S, 58 A M TR A S R GERR A TR
X GBS R 2 MR EESIX B 5T 20 419
Wl ae EA T T RIFSY , A BURE BT B3R T kA2 7 TR
e A e A i P M S, G b R DT £

80 km

() AR AP 5

Ecological protection scenario

(d) AR RS 5

Natural development scenario

http://www.aed.org.cn



FFR, % E T PLUS-InVEST BB FEFNESF T S 16 5 L it Fl A B U B SRR B E BTG

2024438

— #FHb Cultivated land
FiHL Woodland
WEAM Shrubland
B Grassland
JKIK Waters
_ — ¥ Bare land
AR —— RiE /K Impervious surface

B 6 1990—2020 & Attt K H F IR E
Figure 6 Driving factors map of land use expansion from 1990 to 2020
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