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Multi-scenario simulation of land use and ecosystem services in Beijing under the

background of low-carbon development

WANG Ziyao, MENG Lu, LI Liang, XU Fang, LIN Qing"
School of Landscape Architecture, Beijing Forestry University, Beijing 100083, China

Abstract; In the context of global climate change, rationally coordinating the relationship between low-carbon emission
reduction and economic benefits, and then guiding the optimal allocation of land use, is of great significance for promoting
the low-carbon transformation of the economy and society and enhancing the value of ecosystem services. In this paper,
multiple objectives programming (MOP) and Patch-generating Land Use Simulation Model ( PLUS) were used to construct
three future development scenarios for Beijing: natural evolution, economic priority and low-carbon development, and to
simulate the value of land use and ecosystem services in 2030 under different scenarios. On this basis, we further identify
the future ecosystem service improvement areas in Beijing, and expand the traditional multi-scenario land use simulation
research. The results showed that: (1) there were differences in land use structure and spatial distribution under the three
scenarios. Under the low-carbon development scenario, the expansion of construction land and the decrease of cropland in
the southeastern plain were controlled effectively, and the woodland area in the northwestern mountainous area increased
significantly. (2) The total value of ecosystem services under low-carbon development scenario was about 59 billion yuan,

higher than that under the other two scenarios. In terms of spatial distribution, the area of service value improvement under
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this scenario was also significantly higher than the other scenarios. (3) Under the low-carbon development scenario, the
area with high potential for improving ecosystem services in Beijing accounted for about 7.98% , the area with medium

potential accounted for about 26.57% , and the area with low potential accounted for about 65.45%.

Key Words: low carbon emission reduction; economic benefits; PLUS model; land use change; ecosystem services
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Table 1 Economic efficiency coefficients and carbon emission coefficients corresponding to each landuse type

AR A b it Fith 7Kk B AFIHIH
Land use type Cropland Woodland Grassland Water Construction land ~ Unused land
LAY 25 ZR(10% 9T/ hm?
EEBP AL RI(10°T0/ ) 3.612 3.611 1.488 0.485 1082.946 0
Economic efficiency coefficients

S )
WP A A (1 h®) -2.814 =7.392 -1.068 -0.240 70.241 -0.005

Carbon emission coefficients
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K ESV WAESRGMR S M E ;i S+ RIS, AR § 25 MR SR AR VE, R 5 i 2 - b
RIU B TR Y A2 25 R G A5 I B (RIS 3 P iR S5 I R B0 o

*2 MOPEREBAREH
Table 2 Constraints of the MOP model

i H YRR LR A (hm?) i
Item Constraint type Constraints Description
6
1 B R R Y, x; =1640570.76 4% 2J - Hi ) T 2 700 T AR B BRI 45 T RIF S IX. B0 B T AR
i=1
BRABTRAEE S0 10 4F 152 BLRSSE T W A0 4495 AR4R CHLKD) B
2 BHRER X, 2293413.68 AR 10 45 DAL BL T R B A B Markov BB 6 BF
Hb T AR R BR
HRAE LAY ,2030 474 TH ZRAREL 35 26 00 K T 45% , LAAE Sy Aot T
3 MHBTHFRZIR 738256.84 <x, <813841.48 U TR, B2 2030 AFM i R ARAR L T 2020 4R 238K 10%,

DAL AR bt B 1 BR

B AR ST 2501 10 AR A2 B0 L T R B iR & 2030 45 B4 T A
4 FHb T AL 137395.17 <x, <151134.69 AHELT 2020 FH LK 10% , LR A 50 ARG 1R, DL 2020
AR b T BUE N TR
it RILH R RIS R I T 200K FR 96 B TR, K S0 AL B
R Ltk B T E AR BRI, A ok K Sok o AR 1) s

. AT BAR 25010.01 <, <31843.44 Lo BT W LI 2020 45K BUTTBWE R IR, 1 Markos HCAIB
BRI EAUE R 1B

7 RFURMERAA  410.91<x,<502.23 AR T A BV L5 W 2020 4 AYAERN 17552109

8§ EREHKAM  xt ot x>1304807  RHECRAL) 2030 4L A B X FRU KT R AL 75%

0 MREERZE  x30,i=12.3.4.5.6 IR BRI

F3 LETESRERSNHMERHER/ (ST hm?a™")
Table 3 Coefficient table of the Ecosystem Services Value in Beijing

B RGURS N AR

— R e At
First category Second category Bt it i K AR Total
Cropland Woodland Grassland Water Unused land
M4 R 55 T 2018.79 736.27 522.51 1900.04 0 5177.61
Provisioning services SRR 950.02 1686.29 783.77 546.26 0 3966.33
K FEI AL 47.50 878.77 427.51 19689.16 0 21042.94
P AR 55 M 1591.28 5581.37 2707.56 1828.79 47.50 11756.50
Regulating services AP 855.02 16696.60 7172.65 5438.86 0.00 30163.14
ER TS 237.51 4726.35 2375.05 13181.53 237.51 20757.94
IR ST 641.26 8336.43 5248.86 242825.11 71.25 257122.91
THEIR S TR 2446.30 6792.64 3301.32 2208.80 47.50 14796.56
Supporting services HFFF RIS 285.01 522.51 261.26 166.25 0 1235.03
Gy EZ e 308.76 6175.13 3016.31 6056.38 47.50 15604.08
éi Iﬂzi ervices L F 142.50 2707.56 1330.03 4488.84 23.75 8692.68
At Total 9523.95 54839.90 27146.82 298330.03 475.01 —
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3.1 A[EME ST A ORI 25 R T

TGS N A S TNZE RN K 4 FrR, HARERBEST, Bk i FU /b | s M i FR
WEIN, ARELT 2020 4F, #FHL RS T 968.17km? | EER B M T ARIE N T 857.07km? , BIFST IX Mk | B
Mo 5K R BRIk FEATIEE R, T2 R AR s i R FH AR A R A B 1Y
RELTH , A bt T AR/ 1) AR T 1 SR VA 17 S A T % |, ki FH b 7 sk () R S5t A9 31 1 — 8 R B 1 3 i
552020 4EH EL , ARH T BUBE AN T 315.37km?® | B K S 0 BURSE RS . FEARER & R BT, Bt i AR A Wi e
BT HE—25 sl s A AU PR D g MR TR AR N T 739.86km? 2 3 FhIE S K iR
(), FE AR S A 2020 SRR, AR, AR HHBAEDTIE X N ALY Hei />, B 3 g 5t T 22 R AN &
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Table 4 Prediction of land use structure under different scenarios

2020 45+ HiuFI FHBRAR H AR AL 7 57 ZU e R & i 5t

+ b R Status of land Natural evolution Economic priority Low-carbon
Land use type use in 2020 scenario scenario development scenario

T/ km? i b T AL km? i b T AL km? i b T AL km? i bl
B Cropland 3902.31 23.79% 2934.14 17.88% 3026.61 18.45% 3336.13 20.34%
ML Woodland 7398.56 45.10% 7418.66 45.22% 7713.93 47.02% 8138.42 49.61%
Wit Grassland 1373.95 8.37% 1396.08 8.51% 1373.95 8.37% 1373.95 8.37%
7Kk Water 250.10 1.52% 318.43 1.94% 250.10 1.52% 250.10 1.52%
AL Construction land 3476.77 21.19% 4333.84 26.42% 4037.00 24.61% 3303.00 20.13%
AAHH Unused land 4.02 0.02% 4.57 0.03% 4.11 0.03% 4.11 0.03%
it Total 16405.71 100.00% 16405.71 100.00% 16405.71 100.00% 16405.71 100.00%

3.2 BT PLUS ARt A FH 2 8] 43 A AR 40

ABFFEH , PLUS AR A R {A0KS Bl 84.13% , Kappa 280K 0.77, Kappa {H A2 T 0.61-0.80 X [A] P , ¥
BB ZE S 5 S PRl 2 00 o B — ok, BORUBUIRS A, RB S A AL PL 5 X+ b 1 FH Bl A8 A8 Ak

B 3 TR 5T 4 ) FE 205 R T 25 523 A A PLUS #6081 | ) 2020 4F -+ 1 A1) B S SL 0 %R [ 155
ST X 2030 4F A 28 (B o AR HEATACADL (18] 2) o Z55R a, A SRR 50T, AU SUAR R A1 Dt DXOR T
TR AR b Bl 5 AR 7, PGB L X A Ak 5 e b T AR 1) T — S R A BG4 8 2 /K 2 5 P )77 /K 2
BRI A /K BT FRAR B T — @ R EE (5K TR TR SEIE 5T, AR e AP R DX i FH b 5K B 15 31 1A A%
(143 ], PG A L DX P A — B 43 A i 2 Ak oA b it 5 e | T — S A (14) 8 e DO — 2B A SR bt 5 76 I A
JERE SN, PRI A R 5 20 A 5 2020 AEEEAR— 2, PG A6HS Ll DX H B8 1 8 15 P b i AR D
3 b S AR TR A PR L AR P TR R AR A - b R P S R AT R TR B
3.3 AEBRGMWS METTALZ

FI R A oA 25 ()43 AR B 2 SR AT AR S R GRS VAl (3 5, 181 3)  FEIL3EAE b 3 FhR A = T Y
EBRGMRS MES 2020 F0BEEEATX T, 5 R0 E 4 Fis

R5 EXRGRENETFNER

Table 5 Evaluation results of ecosystem service value

+ A I A 2 RGNS Bl Ecosystem service value/10°J0

Land use type 2020 4E A SR AR 5 BB Rt & SR 1S =
HEHh Cropland 3716.54 2794.46 2882.53 3177.32
Mt Woodland 40573.63 40683.85 42303.14 44630.96
i Grassland 3729.84 3789.90 3729.84 3729.84

7K 38} Water 7461.24 9499.85 7461.24 7461.24
KA Unused land 0.19 0.22 0.20 0.20
41t Total 55481.43 56768.29 56376.95 58999.55
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Fig.2 Simulation of spatial distribution of land use under different scenarios
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BARR]T —@ B, R, 75325 TR B A 32 T, PU AL AR S R GRS (A 38 X B T AR B S 2

AR R B S R R KAESRGER S MEZL R 590 127C, 5 2020 4EAI LT T 35.19 1208, & &
TRAMIRE 5, AR IR X AR S R GRS M A BT A R 3 B — Sk i DX i) R 55440 18
AFTEETE, R PEIEFR L DX AR 55 P (B H T DX I TR AR B 8 KT 53 AR A I 55t I DX AR 1 A 28 T
53380 T BERT,

3.4 KRAK BT SRS R GRS 1L T123 A S5 40

TEARTFFE T A BRGNS W E P T BRI A A S T G 0008 1, R, AR SORH IR & e i
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Fig.3 Evaluation results of ecosystem services under different scenarios
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Fig.4 Distribution map of ecosystem service changes in each scenario compared with 2020
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Fig.5 Spatial distribution map of ecosystem service enhancement
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