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Spatio-temporal simulation of land cover scenarios in southwestern of China
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Abstract: Numerous studies show that Karst area is more sensitive to influence of climate change and human activities,
compared to the area in non-vulnerable condition. Therefore, quantitative simulating the land cover scenarios is important to
understand the driving mechanism underlying land cover change in Karst area, and what policy should be carried out to
prevent and reduce the land degradation. Especially, Karst area, as the typical ecological fragile zone, has been
undertaking a series of ecological degradation, which have seriously affected the local socio-economic sustainable
development. Karst area of Southwest China is one of the largest continuous Karst zone in the world, which major involves
the Guizhou, Guangxi, Yunnan, Sichuan, and Chongging province of China. This paper aims to develop a method for
simulating the scenarios of land cover in Karst area and analyze its spatial distribution change under the global climate
change.

A simulation method of land cover scenario was developed on the basis of analyzing the correlation of spatial
distribution between HLZ ( Holdridge life zone) and the land cover, and the policy of basic farmland protection. According
to the climate scenarios data of RCP26, RCP45, and RCP85 released by CMIP5 (the Fifth phase of the Coupled Model
Intercomparison Project) and the land cover data in 2010 obtained from remoting sense images. Three land cover scenarios
in Southwest China are respectively simulated in the next 90 years. The results show that three scenarios of land cover

change have similar spatial landscape pattern and conversion trends. A gradual decrease was found in the following types of
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land cover, deciduous coniferous forest, deciduous broadleaf forest, grassland, cropland, ice and snow, and desert and
bare rock; The other types of land cover would experience a moderate increase, namely, evergreen coniferous forest,
evergreen broadleaf forests, mixed forest, scrublands, wetlands, construction land, water bodies and so on. Among the land
cover types mentioned above, wetlands were projected to increase with the fastest rate (an increase of 5.28% per decade on
average) and construction land were projected to increase most slowly (an average increase of 0.16% per decade) , while
desert and bare rock were forecasted to decline with the fastest rate (a decrease of 2.34% per decade on average) and
cropland were forecasted to decrease most slowly (an average decrease of 0.26% per decade). It is worth noting that
differences between land cover scenarios of 3 different climate scenarios lay in two aspects. On one hand, land cover
scenario of every land cover type under RCP85 scenario stayed in top position in terms of the decadal change rate,
especially, ice and snow decreasing far more than the other two scenarios. The next one was RCP45 scenario, land cover
scenario of every land cover type under RCP26 scenario rank the last in terms of per decade change rate. On the other hand,
each land cover type keep the same change trend under RCP85 and RCP45 scenarios during the following 90 years, while
land cover scenario simulated with RCP26 data turn out to change in the opposite trend after 2070. Furthermore, the
simulated result identify the method of land cover scenarios can avoid the difficulties which come from the complexity and
uncertainty of mechanism analysis in land cover modeling, and suitable to simulate the land cover change on a regional

scale.

Key Words: land cover scenario model; climatic scenario; land cover change; Karst areas of Southwest China
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Table 1 Scenario of land cover change based on RCP26

2010 2040

2070 2100

- S 28 A ) ) TR
A/ km e/ % 51k

Land cover type
w Area Rate

LA/ %

Area change Change rate

Ak, g2t Ak TR Ak,
254k, km? e/ % 254k, km? He i/ %

Area change Change rate  Area change Change rate

E;if;ts:ﬁnifemus forest 159562 11.76 4333 2.72 3164 1.93 679 0.41
iﬁﬁsiﬁoad]ed forests 148402 10.94 3374 2.27 2181 1.44 -357 -0.23
V& -4 AR

]{ic!—j:olﬁonifemus forest 12936 0.95 -410 -3.17 -541 -4.32 9 0.08
et bk

Deciduous broadleaf forest 58360 4.30 -996 -1.71 -826 -1.44 450 0.80
13 HK Mixed forest 55864 4.12 -670 -1.20 =27 -0.05 1307 2.37
M\ Shrublands 248586 18.32 3117 1.25 2288 0.91 -59 -0.02
HHh Grassland 321990 23.73 -6073 -1.89 -2911 -0.92 -2032 -0.65
i Wetlands 3844 0.28 336 8.74 14 0.33 259 6.18
#kth Cropland 319196 23.52 -2012 -0.63 -2420 -0.76 =371 -0.12
# M Construction land 8019 0.59 132 1.65 =37 -0.45 77 0.95
VKZE Lee and snow 890 0.07 -15 -1.69 -17 -1.94 15 1.75

http ; //www.ecologica.cn



3272 A R 34 %
2010 2040 2070 2100
- b 5 A gl A [EA A [IEA A
" R km?  H/% , ik , AL , AL
Land cover type A Rate 24k km LA/ % 24/ km et/ % 24/ km Lt/ %
re: .
o Area change Change rate  Area change Change rate  Area change Change rate
e T e
T B 13614 1.00 -1177 -8.65 -973 -7.82 -83 -0.72
Desert and bare rock
JKAK Water bodies 5821 0.43 61 1.05 105 1.79 106 1.77
F2 ETRCP4 HET MBS LKBEMMRE
Table 2 Scenario of land cover change based on RCP45
N 2010 2040 2070 2100
i S
Land cover type A km? W%  ERAEL % B % R % AEARILBl % TERVE/ % AEFR LA %
Area Rate Area change Change rate  Area change Change rate  Area change Change rate
eyt
AR . 159562 11.76 3804 2.38 5638 3.45 2358 1.40
Evergreen coniferous forest
3445 Z\.S[] SN
Tjjﬂ ik 148402 10.94 2918 1.97 4091 2.70 1347 0.87
Evergreen broadleaf forests
T Ik
i Tﬁ— Tk . 12936 0.95 -306 -2.37 -1075 -8.51 -468 -4.05
Deciduous coniferous forest
& [ [ 0
i Tlﬂ A - 58360 4.30 -316 -0.54 -1004 -1.73 -541 -0.95
Deciduous broadleaf forest
TR Mixed forest 55864 4.12 -547 -0.98 =779 -1.41 355 0.65
TEM\ Scrublands 248586 18.32 2685 1.08 5343 2.13 1968 0.77
L Grassland 321990 23.73 -6749 -2.10 -7783 -2.47 -3470 -1.13
T2 3 Wetlands 3844 0.28 814 21.18 1220 26.19 268 4.56
#k Cropland 319196 23.52 -1775 -0.56 -3884 -1.22 -1387 -0.44
}%ﬁﬁﬁﬂﬂ, 8019 0.59 180 2.24 =72 -0.88 26 0.32
Construction land
7K Ice and snow 890 0.07 4 0.45 -31 -3.47 -20 -2.32
§in A A iR
Tl B 13614 1.00 -825 -6.06 -1862 -14.56 -576 -5.27
Desert and bare rock
JKAE Water bodies 5821 0.43 113 1.94 198 3.34 140 2.28
#*3 ETRCPS WELTHBZRBERLTH
Table 3 Scenario of land cover change based on RCP85
2010 2040 2070 2100
R i i i i i e
o ke e e R R =
Land cover type Aves Rate 4K/ km L/ % 54k km Hel/ % 24k km? H il %
rea Area change Change rate  Area change Change rate  Area change Change rate
=g It
HAREHIAR . 159562 11.76 3880 2.43 5924 3.62 4483 2.65
Evergreen coniferous forest
r“%é\ N ﬂ
RARIAH 148402 10.94 3105 2.09 5323 3.51 2503 1.60
Evergreen broadleaf forests
A I
= Tﬁ“ Tk . 12936 0.95 -306 -2.37 -1280 -10.13 -1330 -11.72
Deciduous coniferous forest
R
3 4. =22 -0. -964 -1. -2 -0.
Deciduous broadleaf forest 58360 30 > 0.39 % 66 03 0.36
TR ZE K Mixed forest 55864 4.12 -1069 -1.91 -2357 -4.30 -1720 -3.28
H#E M\ Shrublands 248586 18.32 2520 1.01 9617 3.83 7222 2.77
FiH Grassland 321990 23.73 -6736 -2.09 -9107 -2.89 -5876 -1.92
FEHL Wetlands 3844 0.28 1014 26.38 1963 40.41 209 3.06
#kt Cropland 319196 23.52 -1526 -0.48 -6924 -2.18 -4371 -1.41
HESEFH Construction land 8019 0.59 161 2.01 -159 -1.94 69 0.86
7KE Ice and snow 890 0.07 1 0.11 -34 -3.82 -60 -7.00
SRR 13614 1.00 -889 -6.53 -2190 -17.21 -996 -9.45
Desert and bare rock
JKAE Water bodies 5821 0.43 70 1.20 188 3.19 70 1.15
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1) B RCP26 i 5t41, PU 145 il 2 B 44 VG 350 19 1
Wil X B4 vk 25 T RRURE RE 22 08 0, RCP26 1% & 1Y
2071—2100 B4, DU 44 F1 2 e 44 PG 30 10 A T 1L X
UK TR A 3G

2)3 MR T, DA (BN T VE A Y
B IR D kA BEE I R A HERS A L i
VTR )N o T DR T R 2 T 4 108 ) 2 B8 B A Ak
PRI R TR ARt ) D=8 R (OB A B3 2
7 Ry R BRI AR A

3)3 Bl ST, 1 b 9 AR Ak 4 R 4 & A e Y
JAE  FRRE 2 35 T 386 n e 3 L2 Bl 2 BsF ) A 4%
ARA HE U /N, 3G 0 ) T M T R R M e
ik,

4) TE A SR o 7K St A T 38 o R I R AS BT R 1Y)
RCP45 RCP85 KM@ M 5 T, W) 2 B 8 PE B Y

R DRIF Ly DX T DU ) 128 G 03 ) 77 0 v B IX 0 7 785
W BRI RS | 17 BT AR S T e i A R
SRR AR T3 4 Sk R R 1 b RN AR 7R
RCP26 1755 T # 2071—2100 B 51, 32 X I8k 4 375 98¢ Bz
A R B N ) AR ek 34

5)3 Rl R, Bl S A T RN R K
ANVTEE NN, P A 4528 X4 b b 2R 0 3 A 28 R
Wit R HAE B - R iy S g, R s
IR TR A bR, 282 iy e b AR b A 46 1T ok | 17 9%
I AR b 2 7R ) S A S B ek 2 e A, e R v A
Ik

6)3 FlEF R, DU VR M TP s T
A4 DX AR b T RRCHE AR 2 s, G LR DU 1 4 7 i 1|
b JE 340 1L bl b DX 2 P AR B s e D X g
(R Il B o B B AR TE AR R |, 534,
3FMESCR DU EE B BN T PE PO A XA e
HiHE S IR SR 3 i A, A () b IR A ki
B A K, 1 2 1 48 10 a1 FH b 52 B /0 11
R

x4 ETRCP6WARESER TBEXBERTHA S ESLIT/ kn?

Table 4 Scenario of land cover change based on RCP26 in 5 regions of Southwest China

H puji R SN i} FNE)

Type T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3
1 3148 1452 535 535 372 -41 1112 617 —46 76 18 0 -538 705 231
I 523 168  -59 16 14 -3 1279 1022 -132 193 49 -4 1363 928 -159
I -32 -283 -74 -1 -1 1 =261 -174 19 -1 0 0 -115 -83 63
v 117 =275 189 -173 =75 10 -22  -15 1 -2 0 0 -916 -461 250
\ 402 331 673  —127 -2 -3 =347 -322 55 -2 0 0 -596 -34 582
M 3042 1967 253 =360 -1 0 -368 —475 106 -17 0 0 820 797 -418
VI -6502 -1421 -1078 19 -112 7 -677 -409 6 -202 -65 4 1289 -904 -971
VIl 322 10 256 0 0 0 -2 0 0 0 0 0 16 4 3
IX -239 -1152 -672 77 221 29 =756 -273 2 45 -2 0 -1049 -772 270
X 184 46 14 4 25 0 22 21 -10 0 0 0 =78 -129 73
XI =7 -14 14 0 0 0 0 0 0 0 0 0 -8 -3
X -1047 -908  -90 0 0 0 1 0 0 0 0 0 -131  -65 7

X1 89 79 39 10 1 0 19 8 -1 0 0 0 -57 17 68

GETT A PU R A XA o S A TR, 1 AR e R AR S il v v | AT i v IV AR T& I vk | VAARSR R
ZEpk VRS VB A3 VIR M I XA BT XU R IR T NIRRT B R e % . X Ak 44 T1 i3k 2011—

2040 4F, T2 {55 2041—2070 4F, T3 {35 2071—2100 4F

®5 ETRCPHS WAHSEX TBERBERENSELEIT kn’
Table 5  Scenario of land cover change based on RCP45 in 5 regions of Southwest China
P pu il E S P 2
Type T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3
1 3453 2720 1085 539 581 126 1049 1139 383 77 29 2 -1314 1169 762
I 428 351 121 17 25 12 1351 1941 593 199 80 23 923 1694 598
I =32 -510 -226 0 -3 0 -216 -397 -174 -1 0 0 =57 -165 -68
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P b il Fs M ] s
Type T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3
v 645 -94 -7 -175 -128 =70 -26 -14 -6 -2 0 0 -758 -768  —458
\ 512 100 695 -132 =30 -14  -381 -582 -123 -2 0 0 =544 -267 -203
A\l 2893 4624 1567 -444 -133 89 518 -950 -308 -17 0 0 771 1802 620
VI -8290 -5000 -2261 22 -148 -42  -600 -773 =309 -209 -106 -25 2328 -1756  -833
VIl 801 1215 267 0 0 0 -2 0 0 0 0 0 15 5 1
X -50 -1826 -809 147  -178 -102 -701 -451 -88 -45 -3 0 -1126 -1426  -388
X 208 52 20 16 13 -1 22 64 22 0 0 0 -66 -201 -15
XI 11 =27 -15 0 0 0 0 0 0 0 0 0 -7 -4 -5
X =700 -1745 -528 0 0 0 1 0 0 0 0 0 -126 -117 -48
X1 121 140 91 10 1 2 21 23 10 0 0 0 -39 34 37
®6 ETRCPSS WHEBSHRX TBERXBERELZ AL/ kn’
Table 6 Scenario of land cover change based on RCPS8S in 5 regions of Southwest China
o il IR S 1 i
Type T1 T2 T3 T1 T2 T3 T1 T2 T3 Tl T2 T3 Tl T2 T3
I 3619 3165 2350 599 653 60 1003 1332 491 79 32 12 -1420 742 1570
| 439 479 412 19 40 32 1455 2683 742 203 104 15 989 2017 1302
I =31 -549 -649 0 -2 -3 -197 =522 =360 -1 0 0 =77 =207 -318
v 658 480 798 -189 -169 11 -28 -19 -22 -2 0 0 -664 -1256 -990
\ 139 =372 -1041 ~-139 -66 -62 -416 -724  -75 -2 -1 0 -651 -1194 =542
Al 2899 7998 5956 -538 =32 719 -734 -1583 -189 -17 0 0 910 3234 736
VI -8613 -7813 -4826 15 -94 202 =505 -907 -363 -215 -132 =27 2582 -161 -862
VIl 1006 1963 221 0 0 0 -2 0 0 0 0 0 10 0 -12
X 309 -3494 -2282 205 -344 -960 -622 -387 -239 45 -3 0 -1373 -2696 -890
X 206 43 15 18 11 1 25 94 10 0 0 0 -88 -307 43
XI 9 =26 =36 0 0 0 0 0 0 0 0 0 -8 -8 -24
XI -738 -2030 -949 0 0 0 1 0 1 0 0 0 -152 -160 -48
X1 98 156 31 10 3 0 20 33 4 0 0 0 =58 -4 35
XA 10a 3N 5. 29% B LT ¥ 4 10a 98
3 HFwh5itig

T RCP26 .RCP45 RCP85 %5 3 i S 4bl iy
b B 5 SIS AP 3 T RRR A ) 3 A 4 R R WL AR R
oK 90a PN, [ VG g i IX - i 7 5 2 Y A T AR A R
R RIS SR AT bR H S A AR HE DA TR HE K
A U FH RS, 7 oA bR I i R R
UK TR AR B D | TR A MR (H
RCP26 1§ SR AZARIGIN) o 3 i SeAL4tl iy SF 1y
S5 R EAR K 90a N 45+ 1A 55 (Y 10a 1Y
A E S RIIE B S MOE 344 10a 380 0.72% |
B SR RER MO 2% 102 30 0.55% , 5 5 AROE- 1
10a J8 /> 1.47% | 35 W & it AROF- 35 5 10a 6k 2>
0. 26% A1 EE 10a W80 0.33% - 35 45
10a HEH0 0.47% %1~V 45 10a J 70 0.53% 5 Hi

0. 26% FEBEHHF- 14 10a H 1 0.16% 7K 5 F-1y
10a 1870 0.59% Fii 5 S i A Bk M T-35) 55 10a Ik
> 2.34% JKIRF-Y45 10a 901 0.6% , FHorr | 1 Hb 3
T R A b eV S A A A AR e o b,
FH MG B2 fe 48, B b sl 3 B et D b 3 A
5 BRI SR H A — B0 S W T 7E S R AS ] /K
(ARG SR 3l T Hh VY R b X 4%t 7 a5 2
RUR AR RAS R 4, 3 Flid 5 F A9 - M 7 56 R ok
TS IARIR Z AL 7E T, RCP85 1 51 &+ b A 36 2%
TR Py e AR A8 A 30 e P, I LR K 5 1) ik /D e # e
TEHE L o) AW R 5, HLRJE RCP45 % 5%, RCP26
1525 b 7 3 IS A R R A b R e T
RCP85 fff 5t \RCP45 & 5t T 3 /MHF 4% - Hb 7 55 2%
R AE A Fa AR RE— 2, {5 RCP26 5 5 il 4 i 78 55
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