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Multi-scenario simulation analysis of land use change in Hangzhou using the SD—PLUS model

WEI Fang"?, JIANG Yuwei'

(1. College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, China; 2. Center for Balance Architecture,
Zhejiang University, Hangzhou 310058, China)

Abstract: Climate change poses a significant threat to global food security and contributes to land degradation and desertification.
Concurrently, land system issues emerge as one of the drivers of climate change. This study aims to investigate strategies for optimizing the
allocation of land resources in the context of climate change. Utilizing climate scenario data from SSP1-2.6, SSP2-4.5 and SSP5-8.5,
coupled with the Shared Socioeconomic Pathways (SSPs) and Representative Concentration Pathways (RCPs) released by the IPCC in
2020, we have developed and validated the SD-PLUS coupled model. This model integrates socio—economic and climate change factors,
and simulates three climate scenarios in Hangzhou for 2030, utilizing historical data from 2000 to 2020. The results demonstrated that the
SD model prediction error was within 5%, the Kappa of the PLUS model was 0.84, and overall accuracy was 0.93, indicating that the SD—
PLUS coupled model provides a more precise reflection of land use changes. Land use changes under the three scenarios exhibited distinct
characteristics. Ecological land decreased under SSP2-4.5 and SSP5-8.5 scenarios, with forest and grassland transitioning to construction
land, particularly in Lin"an District, Fuyang District, and areas bordering the central urban area. The most significant change was observed
in the SSP5-8.5 scenario, marked by a substantial expansion of construction land by 608.94 km®. Only the SSP1-2.6 scenario demonstrated
a systematic expansion of construction land around city centers, with a moderate decrease in ecological land. In the SSP1-2.6 scenario, the

protection of ecological land effectively mitigated the uncontrolled expansion of construction land, enhanced land use efficiency, and
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fostered balanced ecological and economic development. In conclusion, the SD-PLUS coupled model skillfully simulated the spatial

pattern of land use change in Hangzhou under different climate scenarios. The study findings offer valuable scientific insights to support the

harmonization of future economic development and ecological preservation in Hangzhou.

Keywords: climate change; SD-PLUS model; land use; SSP=RCP scenario; multi—scenario simulation; Hangzhou
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Table 2 Parameter settings for different climate scenarios
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Table 4 Parameter sensitivity test results of SD model
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Table 3 Historical error test results of SD model (km?)
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2010 4 JJ5 #2108 2574.79 12281.84 428 879.61 1115.99 13.32
2010 4FELLL{E 2706.58 12 262.43 4.41 861.49 1127.09 12.04
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Figure 6 Comparison of simulated land use and actual land use in Hangzhou in 2020
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Table 5 Comparison of land use prediction accuracy in 2020
AR SRRHIRE BB XFHe—ECHH A Edi% Ko FoMfi
Land use type Actual raster Simulation raster Same raster Accuracy/% Figure of merit
Bk 280 983 273 503 211740 77.42 0.84 0.35
Mt 1341522 1298 635 1277 438 98.37
EE) 486 179 179 100.00
K3, 96 043 103 879 96 043 92.46
AL 121 924 164 770 121 924 73.99
KA A 15 7 7 100.00
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3 B % I Construction lan == *ﬁl{%zﬁSame pixel
0 20 40 km [ R HbUnused land I 2 52 CDifferent pixel
()5 AF T K (b) 104 e (%508
S—year time step’s simulation 10—year time step’s simulation Difference
B 7 A[EAE 4K st F) AT b
Figure 7 Difference between different time steps’ simulation
®6 AR A ESK TEIEERT L
Table 6 Comparison of simulation accuracy in 2020 at different time steps
N HPAS Sl £ EDLRIAS £ X e — B A% £ NRES K FoM A
. . . i appa . .
Time step Actual raster Simulation raster Same raster Accuracy/% Figure of merit
SRR 1840973 1840973 1727 136 93.81 0.86 0.39
104504 1840 973 1840973 1707 331 92.74 0.84 0.35

iy G FH M AR b 1) 58 5 by -

22 ZEETNER

2.2.1 2% 5 4 MR R A SR F

HR A — i S A D& 5 2 |, 32 FH SD AR T R4S

£ 2030 5T X A2 oA TR B A5 2R (R 7) .
X EE 2020 4F - R FHBAR B B8 (% 3) , 2030 4F —F i
s Ak S T b 0, SSP2-4.5 1% Sk b3 fin
T 6.35%,SSP5-8.5 i 53 1 15.81%, 11 SSP1-2.6
185 T RE A AR AR (G 0 T 3.86% ; —Flvig 5
A A SN T 17.40% . 40.66% il 12.36% .

T AACHE, | Bt DL K 7K 3 1 AR sk 2L | v bAcb AR L
2020 4E 43 B0 > T 3.12% . 7.08% Fl 2.16%, KA
SSP1-2.61% 5 F A S SRS PR
2.2.2 Z 5 - MR 23 [E) A% R a4l

FEEFE X 2020 4F - Hb R FHE A 00 061, 1%
FERF B 25 16 50 R JRAFRRAE 1) - M A 40 sl AR HE B (32 8)
DA BR ) % e X 3 . A PLUS A5 BY 3 £7 2030 45 £
5 S5 T b A FH 23 A% R B AL (11 8) .

2030 4EAN RS A 5 T A b oI FH 25 A0 4% Jmy 25 B
P25 SRR . SSP2—4.5 1 S L R FH AR Ak 558

&7 2030 F UM T A FE KT (km?)
Table 7 Forecast of land demand in Hangzhou in 2030(km?)

T 55 Hiith bk Fih K3k jeianasibiil ARA I
Scenario Cultivated land Woodland Grassland Water Construction land Unused land
SSP2-4.5 2 844.02 11 526.35 0.58 689.95 1758.35 0.18
SSP5-8.5 3097.09 11 054.51 0 527.39 2 106.64 0.15
SSP1-2.6 2777.57 11 639.61 0.99 726.81 1682.87 0.23
http://'www.aed.org.cn — 51—
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Table 8 Land use conversion cost matrix by scenarios

- Hb SSP2-4.5 1% 5t SSP2-4.5 scenario SSP5-8.5 1§ 5t SSP5-8.5 scenario SSP1-2.6 1% 5t SSP1-2.6 scenario

Land use type 4 b c d e f a b c d e f a b c d e f
a 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
b 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 0 0 0
c 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 0
d 0 0 0 1 0 0 1 1 1 1 1 1 0 0 0 1 0 0
e 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0
f 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Era b ed e 7 BIARB Aoy Fo ok AR I ; Forr 0 R el fl, 1 3R R fb s JERE AT R 5% 1, 913K

A

Note:a,b,c,d,e,f represent cultivated land , woodland, grassland , water, construction land and unused land ; where 0 means no conversion allowed and

1 means allowed; Row represent roll-out, column represent roll-in.

(a)20204 -4 F BLAR A ctual land use

| L

(¢)20304SSP5-8.51 5 SSP5-8.5 scenario

8 BT 2020 F L3t F AIR 5 2030 F R BEREMER

Figure 8 Land use status in Hangzhou in 2020 and simulation results of various scenarios in 2030

B, A [y o a3 F AR R R B ZS FH B A A2
SSP5-8.51f 5t T L b FH AR Ak 5 A g, 28 5% i skt
R VIR S I 2 R AR, i L E 7 9
ik 452 i R AR A A 7 I b 5 SSP1-2.6 1 A8 Ak I
g R RE TSR Bl RN B b S A 25 A A4S B A HLAR
1, A7 A RSP, — e BRI T A
T 7K .

TE SSP2-4.5 1 5t N, W5 X 45 288 T b 7y A2 Ak 4
SEAE R RS . N TR Z B A 3 K (o 75 78 15 P
HAINT 260.65 km®,  F1F 38 X R Hb A AR AN, i
by 2 B I DX 0 1) P R ) A A R IR A X
AR L PHIX PG ILEB LA BRI X . 3 e X 22
R IEAR BT, Rl Bt 56 35 , BB RS W 5 | 111 F0 5% I

(b)20304F-SSP2-4.51 5tSSP2-4.5 scenario

0 20 40 km

[ #FHbCultivated land
B R Woodland
I H b Grassland
[ /K3 Water
B 3% b Construction land
[ AFFHH1Unused land

(d)20304ESSP1-2.61 5tSSP1-2.6 scenario

RAE WA, N ECEE IR AAES R BT R By, #f
3K T 169.77 km?, 521K 78 75 1 30 b 4O 3H Hb
X o R AR 22 e T AT B bk A AR 2
b4 | S SROPR Il S T b % 11 526.93 km?,
IR I /> 22 689.95 km®, I 5T A 1 FH Ml R A
SEREIE N, R R 5 A S F L, AR T IR

TE SSP5-8.5 1 5t T , & U AL T i i i & J8
SO B bR IR B 0 2 2 106.64 km?, #1152 T 2020 4F
HEINT 40.66% o [k HpCo 38 DX A 22 DX 1L X 45
NI IX ] i i X A 15 P 8 S B I Ah 2 B RS
TRV T (14 15 ) M Al S S B SR ) e e
A KB T ) 23 R BRI (2021—2035 4F) ) #2
W — LR LA s A% SR o (R A A T
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Figure 9 Land use conversion in different scenarios
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