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Abstract: [ Objective] Spatiotemporal changes in ecosystem health under different land-use scenarios in Qinghai
Province were analyzed, and the specific impacts of land-use change on ecosystem health under different natural
and anthropogenic disturbances were quantitatively assessed to provide theoretical support for ecological protection
and high-quality development in the province. [ Methods] Based on the VORS and GMMOP-PLUS models, the
evolutionary pattern of ecosystem health in Qinghai Province from 2005 to 2020 was investigated, and the extent
of the impacts of land-use changes on ecosystem health under four development scenarios were simulated.
[Results] @ The spatial distribution of ecosystem health in Qinghai Province showed a pattern of low values in
the northwest, moderate values in the southwest, and high values in the east. From 2005 to 2020, the ecosystem
health index decreased from 0.292 to 0.252, with significant declines in the southeastern regions and Qaidam
Basin. Rapid expansion of cultivated and construction land has led to the destruction of ecosystem structures,
thereby affecting ecological health. @ Using the GMMOP-PLUS model, land use changes under four
development scenarios for 2030 were simulated: Natural Development (ND) , Ecological Protection (EP) ,
Urban Development (UD) , and Comprehensive Development (CD). Construction land increased to varying
degrees in all scenarios, with the largest increases observed for UD and CD scenarios (3.72X10* hm?) ,
concentrated around Xining City and expanding to Gonghe County, Delingha City, and Golmud City. Under the
EP scenario, the ecological land was effectively protected, with the proportion of forest and wetland areas
reaching a maximum of 7.54%. @ Among the four scenarios, the EP scenario showed the highest ecosystem
health index (0.256) , indicating that the effective implementation of ecological protection measures, such as
safeguarding forest and wetland areas, significantly improved patch and landscape connectivity, thereby
enhancing ecosystem health and service functions. [ Conclusion] Spatially intensive utilization is a key strategy for
improving ecological health, particularly in regions experiencing rapid urbanization. Specific measures include the
rational planning of construction land, restricting land expansion, enhancing the connectivity of ecological land,
and strengthening ecological protection and restoration to promote the recovery and long-term stability of
ecosystems.
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Fig.1 Overview of land use in Qinhai Province
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Table 1 Data sources and types
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Table 2 Assessment methods of ecosystem service functions
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Table 3 Constraints of land use prediction
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Table 5 Average values of ecosystem health indicators in Qinghai Province from 2005 to 2020

Ay RGN BRGNS ARG hEBRGEM S B R G E R

2005 0.807 0.425 0.150 0.181 0.292

2010 0.792 0.447 0.137 0.202 0.287

2015 0.793 0.444 0.137 0.203 0.286

2020 0.797 0.364 0.124 0.166 0.252
2005—2010 4F- 484k 5/ % —1.86 5.18 —8.67 11.60 —1.71
2005—2020 4F AR fR 3/ % —1.24 —14.35 —17.33 —8.29 —13.70
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Fig.4 Temporal and spatial changes of ecosystem health index in Qinghai Province from 2005 to 2020
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B LRI B 2 184 hm® (Y B0 1l % A8 Sy 5 T b, A% 7K
KT 905 hm?fY 4 F1) F b 5% 28 Sk 8t 4 F b, TR i
2.08X 10" hm? Ay A< A JH Mo % 78 Sy K 3. A S AR B 1
R AR R AR SRR L S A SRR K
Ak, TR) B B ) At 7K sl A0 348 1) A 15 P b AT R R
MG . B EPE R T, 255 80 12 m
FRAETE 2,96 X 10° hm?, ARHh |5 Hi A1 7K 35 1 FE 49 531 34
BT 5.93X10° hm?, 2.94 X 10° hm?#1 1.02 X 10° hm?,
B i 0 R ) 1l T AR 43 1 9 2 1.77 < 10° hm* il
4.63X10° hm®, o, K ) ] #b 5% 50 4 %) T AR Gk
8.29X 10 hm?, 3= & £E v 7 5% 38 R 7 1l 5 B b 5% 1 TvD
N 719X 10" hm?, Hirp 94.33% % R 504, 32 2 4R
HAE BRI S SR AR IRk B B CIEL B o R G

S DA A SRR T S B4 U RN R B KAk o B AR,
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F2 TR SR R A M 1 oK R b AT Ok o 2R G R R
1% 56 3T T 50 AR A A0 AR R 48 U AL 2% IR B e KAk
TE FR ) AT b R0 2 15 T b % 0 0 ] B B AR 7K B
I Ml ) A ) b A b A . FEZR G R R
(CDYE# T, 5 5540 ) 218 B 2.35}X10° hm?,
Bk oA ) FH b A1, At b 2 34 AN [ B2 B A 38 . Ak
Hb L ph ML A, AR P AR BRI VR VLU R
H 3G i 2,54 10° hm?, EZRJE FHE R A0
7 JR AR T RS 22 B o ) b 5% 6 (& 5dD 5 #F
b R0 FE 5 Hb G % B RN s 8] 4 A 5 UD 1 S
FHTA]

F6 BEE2030EREBER T LiH AERKEMBEHNE

Table 6 Land use area and domain weights for different scenarios in Qinghai Province in 2030

KBNS &= i H HE b K B K 18, A AR 15 M
2020 4F M F/10° hm? 9.00 29.77 406.06 33.89 1.67 225.74 16.16
. M FL/10° hm? 9.03 29.76 405.15 36.73 1.70 224.34 15.60
E(’i‘\‘nr?)”?‘ T AR5 4k /10" hm? 0.32 —0.18 —9.11 28.41 0.31 —14.08 —5.67
A0 3 A 0.005 0.003 0.157 0.488 0.005 0.242 0.100

g G 1 /10° hm? 7.22 35.71 435.40 44.076 1.70 179.47 18.72
tt(’“E‘ffF TR AR5 4k /10* hm? —17.74 59.33 293.46 101.87 0.31 —462.75 25.52
A0 3 AN 0.018 0.062 0.305 0.106 0.000 0.482 0.027

. T /10° hm? 10.84 35.08 447.87 34.53 2.05 179.47 12.48
m(%f)% T FLAE 4k /10" hm? 18.38 53.06 418.10 6.37 3.72 —462.75 —36.86
201 3R A 0.018 0.053 0.418 0.006 0.004 0.463 0.037

o A /10° hm? 10.84 35.71 431.45 44.08 2.05 179.47 18.72
”ﬁ('z‘éz)% TR AR5 4k /10* hm? 18.38 59.33 253.93 101.87 3.72 —462.75 25.52
A0 AN 0.020 0.064 0.274 0.110 0.004 0.500 0.028
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Fig.5 Spatial distribution of land use types under four scenarios in Qinghai Province in 2030
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Fig.6 Ecological health index and spatial distribution under four scenarios in Qinghai Province in 2030
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Table 7 Mean values of indicators under four scenarios in
2020 and 2030 in Qinghai Province

2030 4F
1 2 20204F  {sk EHm W e
KR Ry kR ORE
SO 5 M 0.345 0.346 0.345 0.348 0.345
M 3% 3 M 7.034 7.017 7.029 6.898 7.009
B P % 8 1 7.575 7.573 7.578 7.551 7.578

EERGEANL N 0.797 0.794 0.796 0.767 0.793
B RGPET] 0.124 0.124 0.125 0.120 0.122
AW S GATe s 0166 0.166  0.172  0.169  0.170
EBRGEREES 0.252 0.252 0.256  0.250 0.253

®8 BFEH2030F4TMERT LHFIRLEM
EHESREERIER
Table 8 Average ecosystem health index under
four scenarios for land use types in
Qinghai Provincein in 2030

44 1 75 TR G
+ 3] — : ‘
ko HREE CESES WHELRE GALRE

T R R R
B 0.307 0.311 0.301 0.307
R Hb 0.433 0.436 0.428 0.436
I 0.293 0.298 0.285 0.297
JK ) 0.102 0.104 0.104 0.105
U 0.208 0.211 0.208 0.205
A FI ] b 0.173 0.177 0.168 0.166
b 0.282 0.289 0.273 0.277
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