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Abstract: Ecosystem services are the foundation for sustaining development. The sustainability of ecosystem
services is closely tied to the optimization of land use patterns. This study focuses on the Xining-Haidong
metropolitan area on the northeastern edge of the Qinghai-Tibet Plateau, to address challenges posed by limited
development space and spatial conflicts among production, living, and ecological functions. By integrating multi-
objective optimization models, land use simulation frameworks, and the InVEST model, we assessed the
characteristics of land use changes and ecosystem services from 2010 to 2020, and simulated the characteristics of
ecosystem service changes under three development scenarios (natural development, economic development, and
ecological conservation) for 2040. Key findings include: (1) From 2010 to 2020, the expansion of construction
land in the study area was initially rapid and then slowed down; reductions in forest and grassland areas led to a
decline of 0.01 in habitat quality and a decrease of 192,492.28 tons in carbon storage, while average water yield
increased by 0.23 mm. The north-south mountain ranges, less disturbed by human activities, served as ecological
barriers with high habitat quality, high carbon sequestration, and low water yield. (2) Under the ND and ED
scenarios, water yield increased significantly, but habitat quality declined sharply, rendering these scenarios
unsustainable for the metropolitan area. Conversely, the EC scenario achieved a balance between economy and
ecology, leading to only a slight decrease in habitat quality, an increase in carbon storage, and the smallest increase
in water yield, demonstrating the harmony between ecological protection and development. (3) A quantitative
decision-making method combining multi-objective optimization and spatial simulation can provide a quantified
decision-making tool for optimizing land use structures in plateau metropolitan areas. The findings indicate that a
coordinated development model prioritizing both economic and ecological objectives can effectively reconcile
urban expansion with ecological conservation, offering critical scientific support for the sustainable development
of plateau-type metropolitan regions.
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Table 3 Correspondence Table of Unit Area Industrial Value and Land Use Type

Folk e Hb R 2R FE (106 76/km2)
gk B 26.74
k. R 2.58
Bl o8 8.16
D 7K, 0.14
Ho = 2 5B 931.06
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Table 4 Comparison and Classification Table of Land Use Types by Unit Area Ecosystem Benefits
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max {F (x), F, (x)} (12)

1.99 19.80 9.09 33.54 0 0.33

2.3 REKBER T MF AR
PEHRAE Bl A R ALY (Patch-generating Land Use Simulation Model, PLUS) #&—
Foh 2 T WA 55 50 e i 1 B AL (Cellular Automata, CA) #5724, PLUS 5 ALE A Hb P 5k 73 #r
iM% (Land Expansion Analysis Strategy, LEAS) F1JET 22 SR BHA L BEHFb-F-HLHI 1 CA B
(CA based on Multiple Random Seeds, CARS) P4 KA 47 - H R AL . A PR UERL A i ]
FEPE, FIF 2010 47 {0 A ARG 2020 FHEATIAN, Kappa R¥0CN 0.77, KT 0.7,
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Table 5 Conversion Matrix

ND ED EC

a 1 1 1 1 1 1 1 11 0 1 0 1 1 1 1 1 0
b 1 1 1 1 1 1 1 1.0 1 1 0 o 1 1 0 1 0
c 1 1 1 1 1 1 1 11 0 1 0 o 1 1 1 0 0
d 1 1 1 1 1 1 0o 0o 1 1 1 0 o 1 1 1 0 0
e o 0 0 0 1 0 1 11 0 1 0 1 1.1 0 1 O
f 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R 6 PHNE
Table 6 Neighbor Weight

S BHb ML b kiR @AW R

ND 0.6 0.7 0.3 0.4 0.8 0.5

ED 0.7 0.6 0.3 0.1 0.9 0.2

EC 0.2 0.9 0.6 0.5 0.6 0.3

2.4 EBSRGRFZVHE

XA R GRS R AT A B BE A A2 25 R GEHIANE L AR A LSO BURT i1l BB 2
BB SRR VA TEAR I AR S AE S RGURS HIAHRE . MEE. REE(Ding et
al., 2021). Bk, ASCEFE InVEST BRI FEIX 3 I A e B i e fi B AT K BEREAT 15
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R HAE NRAR T, S8 ES % (Jinetal., 2019), F 1% HIHH 20 a7 AU s H
RAFEEOE, SR SRt iE BN BCEAR H ARS8, R et
By RFHISECPE 3 2 8, M. KA U &, @A b B S Uk
PEAG, SRMESMESSTEZESE, BRI S B B IR 7, X BN BUR L 240 B LR
8o kil B AR FH AN ] - M) P SR A Fy e 2 Bt AT v H 55, BUATH RO AR R i B, B
FRTAE, 20230 A X IR E FLAZ I, £ XA AR MRt PR A SRR 2R
I8, DA R R AE 7 foe s A - SRR v SR AR MV Bl SR RO, A AT AR A Pt R
BZ RS E RN 0, SHOLE WK 9. PRSI F 5 M 1) B 7K sk 25 S B 2%
HIUR 17K, 13 220 % A B P K& P /K B S T X T R U S A MR AT i B,
MR R BGR, ATRGRIZ K 7y, KB REGR, 5o m RS TR SO, BRI
MR, ERARREAKEA: BRIMARFI R IO, 755 B A R AR 2 U RFAE
SRR B SHE M (W H, 2021), HEXBY SHEE X 10.
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Table 7 Threat Source Parameters

SRR BOREEES(PAL: km) AL R
B 10 1 EieE1
Hiith 1 0.2 2tk
ARA b 3 0.6 EiFE

R 8 X BRI

Table 8 Threat Source Sensitivity

TR RA ABREE A @A B KRR
Hiih 0.3 0.6 0.1 0.4
Pt 1 0.8 0.5 0.3
i 0.8 0.6 0.4 0.6
KA 0.7 0.9 0.2 0.4

B 0.1 0.1 0.1 0.2
AR 3 0.05 0.2 0.3 0.1
R 9 KERESH

Table 9 Carbon Pool Parameter Settings

3R ISR

Mt
PRt
H
KA
&
AR FH b

bRk MR IERR SETCAHLREK
4.19 191 4956 0.02
19.62 1013 71.53 0.84
2.12 326 3454 0.02
0.2 0 9.8 0
0 0 24.15 0
0 0 16.44 0

x 10 EREEDYER

Table 10 Biophysical Runoff Parameters

THAHRE WRARE FRKERH ArEpdEs

B
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KK
R HI
A HI

400 0.65 4]

3000 1

500 0.65 )
1 1 y
1 0.3 y
1 0.5 .
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3.1.1  2010-2020 4+ 3o F 5655 o bt
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LA RN 80.34 km?, 33.5% FEONBHH, 13.5% oM@, KRR T 12.45
km? Ny HHi o

2015-2020 47, A HLAEAL 2.30 km?, ISR L) 0.46 km/a, 07 G 118 1 T
L%, B E LR, a3 0 3 SR T N 49.14 km?, (LG 86.3%
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Fig. 2 Land Use Spatial Distribution from 2010 to 2020
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Fig. 4 Land Use Spatial Distribution Changes Under Different Scenarios in the Year 2040
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WFFEVEAL T AR #R T B8 20104 2015 A1 2020 FHIAES & g R KR, &
11 BoR TR IXAEIX =N R S A S R & IR E AP K &R EE M — e B .
WA X AR BT B TR 2010 4F & 2015 R IR FRE&EHS, M 0.616 BEE 0.615, TkftE
/> 179,055.49 Wi, “PYYF=/KEIGM 0.28 2K, Sk FARGIRE RN, W 6, 2010-2015
TR AT E T R S K S R T e 5 R F R I 56.4 k6 . R a2 T
T IR A SRR W B, XA RGARE MERT RE S BB T R R 32
TR W L X B IR N RS 2 A ALRCRR B VA S AR 4k 2015-2020 4F, ARS5 i AR E 1E
0.615, Wifififr B MR, (HR R/ ARAT—Br BT FEZ) 92.49%, B 78 X P35/ K & 1AL
IR T XK ST DhRE T A8 E « =AM RFRIY S 787 X iR BB e A A P-4
B B, UG 2 3 B A 4505 B DI P52 T AR P i FH by 5K 3ol 22 B SR> o R T A A — 5

AR B, RSB E ISR, XA S 52 G0 Bl DR iR P 028 1 i B AN 2 1) Ji B
S HEE R BIES .
R 1120102020 FESRGMF ER
Table 11 Differences in Ecosystem Services from 2010 to 2020
R WAt (0 77K & (mm)
2010 0.616 109,281,124.47 165.71
2015 0.615 109,102,068.98 165.99

2020 0.615 109,088,632.19 165.94
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Fig. 6 Spatial Distribution of Ecosystem Services from 2010 to 2020

322 BHUERTIAS RGRES i

12 R T BAUIE ST AR BRGS0 E LA SR FRAEXT T 2020 4E1ARE . & 7
JEoR T B ARAREA RSB T IS 6 /046 . 7€ ND RERS =T, HET 2020 £, 2040 4£ ND
S ER R R % 8.8%, WifitEif/D 35.67 i, /KB 0.37mm, 7E ND 155 F,
BT AR ) B AR 9K, ARSI T PR R, ARIRIAF-8.8%. Bt & 1
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76 ED 15 R, AEBEEIIMEM 2020 £ 0.615 FRFE A 0.468, T REMIREIX-23.9%, %I
Fb 2020 4EF0 ND 1655, V4RIV AR A3 X o Hh AR B8 R b e s, A I X S 2 L
B S5 ) A SRR ARRAE o R TP 7 T 3R XA AR BT R R A T 2 ARSI - Bkt
FEAHELT 2020 /NME ETF 0.01%, /25t ARG IR 8.04 km?Fl 25.89 km?fJT 3, 454
AR KRR, it R I AMEEIE AR RS O (PR IRARRAE o BB A7 1) /N i
WRAREMES RGNRN, WAREIERIHVES RGNBARNE, St m s TT AN
H SRBRIC DR T e LA 5 IX AR 254 B A B ARSI A o P2 /K AR EE T 2020 42 N % T 2.32%,
JER DRIt T 1R 0L T A B 9K 2 3 B R AR I SR A0 T, T 7 B AR b T AR 4 1 K A
SRR AT ARG R B O T, &K ERD, Bl T @MY KT 28.95%, H
KR 43 R P AT TIRT 2y, R Pl R g i vk 5 AU

fE EC TN, N T AT REMASRY M EIR, ERREE/ME N, H TR
FERN, AE 20 SEIYLRFE T 2.6%, /N T ND 155 11-8.8%F1 ED &5 11-23.9%, FHES
PRI BUR RE A 2 il AR S5 . Mk I B AR R I S BL T97k, BC s N
H R HGE 5.35 km?/year 75/hT 2010 22 2020 4F (1) &2 ¥ F 4 5K # FE 5.87 km?/year, HA 5K
FURZRIFETHEH, b A B EAE R # . RGN 2020 £/ 109,088,632.19 ity %
109,327,425.75 Wi, H4h0 0.22%, SCELT kfgsmpeG i, FEE M TREmmAEE, Fik
RERSAEFEFERE MBI I RS, AR R R A% 2 AR HbHRTY 730 2 2 150 P M ks Jl RO B A5 2
FEKEM 165.94mm 5% 160.76mm, & T EC 155 AR AR ES in H AR 28 e Jy5m T
BRI, IR EC S N, AR KT ER 5 1S, XIBK SO H
TR

& 12 BB/ THAES RS KHARIE
Table 12 Ecosystem Services and Their Variations under Scenario Simulation
AR R AR WA (O AR 777K & (mm) ARl
ND 0.561 -8.8% 108,731,883.00 -0.33% 166.31 +0.22%
ED 0.468 -23.9% 109,104,557.29 +0.01% 162.10 -2.32%

EC 0.599 -2.6% 109,327,425.75 +0.22% 160.76 -3.12%
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Fig.7 Future Ecosystem Services Spatial Distribution under Different Scenarios
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T, AREIHA. BEES RS, HABRRE. kitESEm T RERX . X—
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N”(Halliday, 2018).
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