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Evolution and simulation of land use/land cover pattern in northern Shanxi

Province
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Abstract: Regional land use/cover change and future development scenarios are of great significance for the regional
sustainable development and land management. In this study, we selected northern Shanxi province, an agro-pastoral
ecotone, as the research area. The land use/land cover (LULC) maps of the study area in 2010 and 2015, as well as the
driving factors including elevation, population, economy, temperature, and precipitation were extracted from various
national-level datasets. We first used the CLUE-S model to simulate the LULC of 2015 based on 2010 LULC data and
driving factors, and evaluated the simulation accuracy with the obtained 2015 LULC data. Then, we used the evaluated
CLUE-S model to simulate the LULC patterns in 2020 under three future development scenarios. The results showed that the
LULC of northern Shanxi was dominated by cultivated land, forestland, and grassland. The LULCs mainly distributed in
strip-shapes toward the northwest. The logistic regression model could extract the relationship between LULC and driving
factors well, and reflected the effect and degree of different driving factors on the LULC pattern. The CLUE-S model had

high accuracy in fitting the LULC of northern Shanxi, with a Kappa coefficient of 0.89. The scenario simulation showed that
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the LULC under the environmental protection scenario (¢) was more sustainable than the business-as-usual scenario (a)
and economic development scenario (b) in the study area. The results suggest that the increasing rate of the industrial and
mining land should be slowed down, and the size of construction land should be strictly controlled in future land

development, and the LULC pattern should be further optimized.

Key Words: land use/cover change; driving factors; scenarios simulation; CLUE-S model
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Fig.1 Digital elevation model and administrative divisions of study area
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Fig.2 Grid diagram of 9 driving factors in the northern Shanxi in 2010
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Table 1 Land use type area and proportion in 2010 and 2015

2010 4F 2015 4
125 Land use type
T FH Area/ 10km?> L] Proportion/% TN Area/10km? LLf] Proportion/ %

#kth Cropland 1293.7 41.80 1305.3 42.17
Ml Forestland 716.6 23.15 716.1 23.14
Wi Grassland 921.1 29.76 922.5 29.80
J& b Residential land 93.4 3.02 94.1 3.04
T H#th Industrial and mining land 27.5 0.88 28.2 0.91
K3 Water area 13.0 0.42 14.0 0.45
3t Saline and alkaline land 11.4 0.37 6.6 0.22
#3h Bare land 18.5 0.60 8.4 0.27
JF Total 3059.2 100 3059.2 100

XFEE 2010 4E 1 2015 4% L3 A 2840 (3R 1. 3) 75 2010—2015 4E (8], Fir A7 4 ) 28 B 24 0% A 7%
fb, o TR IR 22 R R, 5N TN DA SO T SR kA L G 2R 5 bk b R T AR P e AR
A B 3 A0 T ) bt v L /0 B4 0 LA R 5 it R AR e v R KR AR 25 T UM G A s i LA R R
ANFRRE IR BERE
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Fig.3 Land use and cover pattern in 2010 and 2015

2.2 EACHLIX A A A A AR i PR A

MABFFEIX L HH FHE A Togistic [TIAS52R (3% 2) &, SIS 3 DEM B (GDP X 3 Fft [N R A5
M) fr BH . Rl 5 R R b T P Y 23 A ) 5 DEM A EL AT GDP ARG RS, IbAh, T8 H A S5 A
PRBSAT G, e U Ak, N IF BRGS0y B 5 T 5 K R R R 1) 23 A1 32 52 DEM iR
TR ZR IS LA ek K RV R 0 5 R Fr) 23 A1 52 N L B A ] 52 5K

F2 2010 F& T HF FHEEE Logistic B R
Table 2 Logistic regression results of various land use types in 2010

T4 A

IR 5 A i 7K 4l 2 f
Gy RART R R 2 N N O e I
Driving Residential .. Water Saline and ~ Bare land
Code Cropland Forestland ~ Grassland and mining K
factors land area alkaline land
land
a £ DEM -2.832 1.717 1.729 -9.329 -2.480 -14.660 -15.044 -3.598
b W Slope -6.414 1.436 2.455 -1.100 1.235 — -20.532 3.881
c 1] Aspect -0.357 0.583 — -0.377 -0.795 -1.283 -1.554 -1.050
d [ Py A 77 S GDP -5.108  -87.421 -9.711 6.912 8.530 — — —
e A POP -2.784 — -57.237 19.030 -5.143 — =77.754 —
f F7K Precipitation — -1.411 1.456 -2.967 — -5.410 — -0.870
g S Temperature -1.028 -1.113 2.660 -3.775 — -3.678 -3.506 —
S o
h EEA%EE% . -2.020 0.537 0.990 -4.748 -3.305 — — —
Distance to highways
i Eﬁ,ﬂ(%f’tﬁ%. — —-1.058 1.100 — — -1.520 — 1.051
Distance to rivers
ROC 0.919 0.745 0.747 0.873 0.769 0.851 0.680 0.651

M Logistic [FIAZEEM ROC Kz56 (26 2) I, BRERAR AN SR M AL B i | 5 b 25 At 3= b 1) 2 0
) ROC {H#RTE 0.74—0.95 Z 7] , 3¢ B SR AR SCHE BRI 52 ) PR 74005 AF 5% DX B A i | 1t 55 = e ) FH 28 780
43 A 2 AT AT R 5 Eh it 19 ROC {8 0.680, #RH1AY ROC {H A 0.651, 3¢ WA R X1 19 b b 28 1) fift B i 1 A
25 3K A Ry it A b e SRR PRI LA A3 SRS BE AN R DR PR S DL 5 RO RS 25 . BT
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FEFHFFEIX 2010 45 B 4 Mo A A B AR 3 1558k LA logistic [BIUHZE L, R CLUE-S BRI 2015
AEMY LULC 4% R, B SEPRAFRERIOR SRR ZE ST X)L, T LAAS T 93.4% 1 IX 38— 34, {UAT 6.6% Y IX 35,
A2 (K 4),

o : Lo
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O ok O s [ R i
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Fig.4 Simulation and inspection of land use and cover in 2015

i —25 R F Kappa RE4 2015 4F CLUE-S B BURSURS i B b AT R 36, 25 28 L3 3, v Bfsb b | e
H P ASTADURE BE B AE 0.87 DAL, 3 CLUE-S B BB 45 i M A 40035 Ik b X ) 32 22 + i ) I S R0 B A ), {HL
2 KB 45 R R, R AR L) Kappa ZREUEAR , 302 P A T H AR, $5 O A5 b 7 32
PEE LSRRI S AEAE— 2 143 252 T ELESCHE 225 8] 43 HE 3R eI, ) A b 1) FH 2 280 235 [ 4401 7K P R i
55, PSR X RS AR RE IR 22 logistic [MIEZERBERIX — &, BHORE 5 KRR Kappa 5
ok 0.89 , FHAFRAT T T AR BEASF U BB 5% [X 9 LULC 4% J53, AT RAEA T 2020 4F- A1 AL

£3 2015 FAMF ALRBEHIEHERRER

Table 3 Simulated accuracy test results of land use type in 2015

, TH g ,
% 3
iﬁjz Bk it Hidh f Edﬁﬁffl Industrial ‘;J; ti Saline and ?iﬂ EZUN
an Cropland Forestland Grassland esidentt and mining ater alkaline are Overall
use type land area land
land land
Kappa 0.87 0.95 0.90 0.98 0.99 0.87 0.50 0.54 0.89

2.4 BHALHLIX 2020 4F - b ) A R AR

FRYETTSCHY 3 Tl S EAT 2] 2020 445 L oA HZEABITE K (% 4) , IF DL 2010 42149 LULC 8l S FEAE 5K
P BLAEL 2020 4EIX 3 iR JRAE ST B LMK ) LULC A& R (&1 5)

XFEG 3 Bl & A 50 R B ACHLX 2020 4R - b A A BAS R (B S) |, T ISR X AR VR E AR SR S 5T
B4 Ja B L A T R it AR R e % e FRUAES T A R b e JR A o, b | b DA R K SR T AR 22 Rk
B AR 74 25 [8] 43 A1 B S 20 oK) A Y LA T 5 3 ol A i 56T, 0t Rt R R e ) T R R A TS
], AH 3 A A% R AR — 3k, PR A SR P I R AL IX 2020 4R il B LULC A% )5y, BBk
SR PR A 5T RN b 1 R FH DL R > A A= A S 1 e, 2 v 45 P b %) 9% 5 A 80 2, S 4 ¢
TR BRI B 2 e A SR RGN S XA & E St i Rs R R
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F4 2010—2020 £ (3 FfR) AR LM AL R ERES
Table 4 The demand of different land use types in 2010—2020 ( three scenarios)

2 2020 1 5% a 2020 15 b 2020 1 5% ¢
Land use type 2010 2015 Scenario a Scenario b Scenario ¢
#FHb Cropland 1293.7 1305.3 1308.3 1351.3 1300.8
Hdth Forestland 716.6 716.1 779.6 749.1 801.6
b Grassland 921.1 922.5 800.9 720.4 820.9
J& BT Residential land 93.4 94.1 123.6 168.1 107.6
T A Industrial and mining land 27.5 28.2 34.5 46.0 29.0
JK 1, Water area 13.0 14.0 11.5 9.5 19.0
ELBdH Saline and alkaline land 11.4 6.6 14.3 18.8 6.3
#ith Bare land 18.5 8.4 22.5 32.0 10.0
SV Total area 3095.2 3095.2 3095.2 3095.2 3095.2

a. JEFEBLRTER b, FFIUERTR o EBRITR

0 120 km
N

il
[ I# o BN Tymds S
B b R K N

B5 2020 F=FREREZNLIHAABR
Fig.5 Land use and cover of three development scenarios in 2020
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(3) CLUE-S BEA 78 A 1 X A B 9A% R LG A 3000 RS T, Kappa R 803K 0.89, 32 A AU B
S AR MR 6 M X ) LULC 46 Jm) 3 17 SeAS DL 45 S 6 B W 9% X 78 J AR S AR 9 1% 57t T 9 LULC 46 J=) B &2
T AR R R BUIR T S AMBUI FAP e & Al 5t BF9 IX R R 2 e Jy 1 17 [ A0 AR S AR 19 5, 3
1 g 3 G S AT DU AR SRR ST 25 8

MRS | CLUE-S A58 a] DI ol i T35 1 X, 1) P 78 4 28 R4l L2 phy AR AR B 2 b R 5
e SO PR R I B A DA B oy B S B AT SR A — SR I

(1) RUBE B R/INNZS (B IRG AS A NAE R R e — RO B g, 780 — RE A —E £ 7E
o R IR 1 B Ay R, 5 TR S UL R S 10 R ) P AR R AE R AT 6, AR SCHIER U 1 25 1) 43
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F B AT A A 5 b T 22 3t R P2 A5 2 DR B A JRURE 023 (1) 43 H 0 LULC RS B A0
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FAE LA, B R S R R e R

(3) e SR TT I, 7 5 0 45 R 2 RS [] 8 T 2 2 3 A [ A — o 9 00, B A 155 55t T /9
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