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Abstract

: To investigate the evolution pattern of ecological security in Qinghai Province, in this study we con-

structed an evaluation system based on the PSR (Pressure-State-Response) framework, integrated obstacle
degree analysis with residual-corrected GM (1, 1) -Verhulst modeling to identify constraining factors and con-
duct short-term forecasting. The results revealed that the comprehensive ecological security index in Qinghai

Province

increased from 0. 54 to 0. 66 during 2005-2023, with the security level upgrading from “Critical Secu-

rity (Grade [l[)” to “Relatively Secure (Grade IV)”. The evolution followed a trajectory of “response strength-
ening-state improvement-comprehensive enhancement”. Spatial distribution exhibited an “east-high west-
stable” differentiation pattern, with eastern regions achieving the “Very Secure (Grade V )7 level ahead of
others. The obstacle mechanism transitioned from early “pressure-dominated” to “state-response dual-con-
straint” type, indicating that ecosystem structural quality and environmental governance capacity have become
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critical limiting factors. Short-term prediction suggested that the ecological security index would approach 0. 73
by 2028, stably maintaining a high-level “Relatively Secure (Grade [V )7 status. Future efforts should shift
from response enhancement to ecosystem resilience improvement, implementing differentiated zoning strategies

to support national ecological security barrier construction.
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Fig.1 Overview of the study area
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Table 1 Qinghai ecological security evaluation index system and weights

HF7Z Goal Layer  #EMJZ Criterion Layer %2 Factor Layer $15)2 Indicator Layer J#4 Serial number  #FRAH Entropy weight
EREARIRR imIE 4 JNIES 1| T4 Population density/ (A +km %) Pl 0.034
Ecological security Pressure Population carrying pressure B S0 GDP per capita/ (10° 76+ A ) i) 0.034
inicstor systemn (A) Indicators GRAARRIEN T 53K 5 Natural population growth rate/%; P3 0.035
w Pressure of economic znd 4 =77\l & Proportion of tertiary industry/ /4 P4 0.033
social development NI RICA Per capite disposable income/ TG P5 0.034
2% 1 Economic density/ (1078 +km ) 1) 0.034
BRI FE Road network density/[km- (100 km?) ] P7 0.029
WA AU B4 ) 1 11 Fertilizer Application (Pure Nutrient) / (5 1)* pg 0.034
Resource and environmental Y Pesticide Usage/t Py 0.033
pressure T = B Industrial SO Emissions/ (770" P10 0.032
TR OB 4 iz Smoke and Dust Emissions/ (t+4F 1) P11 0.033
AEACHHERE Nitrogen Oxides (NO,) Emissions / (7 t+4 )" P12 0.033
KRBT SRR RRA HEH KR Annual average precipitation/mm S13 0.034
State Statws of resource TR Annual average temperature/C Sl4 0.034
indicators uilzation 4 H BRI Annual sunshine duration/h S15 0.032
w AR 5 3 Forest coverage rate/ 5 S16 0.034
IR A B Per Cepita forest land area/(hm? L") S17 0.032
NEI T B Per Capita cultivated land area/ (hm* A ) S18 0.033
NF7K B Per Capita Water Resources/ (m™* A1) S19 0.034
NFYN i SRS Y Per Capita park green space area/(m* L") 520 0.035
il R 1 FRGHE W R Effective imigated area/(10°hm”) R21 0.032
Response Response to resource A AR A Annuel afforestation area/hm’ R22 0.034
ndicatos utlzation AL F % 5 % Restoration rate of degreded grassland/ % R23 0.033
) B E mn FBH4E % i 5 GDP HE Proportion of science and technology expenditure to GDP/% R24 0.035
Response to environmental H# L 5 GDP HE Proportion of education expenditure to GDP/% R25 0.034
restoration M3 % i 5 GDP H. % Proportion of environmental protection expenditure to GDP/ % R26 0.035
157K b B Sewage treatment rate/ % R27 0.033
W BT (R 40 13 Harmless treatment rate of domestic waste/ % R28 0.034
T FE AR Total COD emissions/t+ R29 0.035
ZiEK A A BB Cumaulative area of soil and water conservation/(10° hm®) R30 0.032

T N B F8 AR
Note: * indicates negative indicators
x2 ETREFRIEMIRE
Table 2 Ecological Security Grading Standards

A AT AR BBUE TS H Range of ecological security index 29 Level 2 4R A Security status
[0.00, 0.20) 1 AN 4E 4 Insecure
[0.20,0.40) 1 BN %4 Relatively insecure
[0.40, 0.60) m Ilfi $t % 4= Critically secure
[0.60,0.80) v 1% 4 Relatively secure
[0.80, 1 V Ak %4 Very secure
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Table 3 Model accuracy verification levels

TG 6 45 20

P C
Accuracy level
I Excellent P=0.95 C<0.35
BT Good 0.80<<P<<0.95 0.35<<C=<<0.50

A% Qualified
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Fig.2 Trends in ecological security in Qinghai Province (2005-2023)
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Fig. 3 Proportions of obstacle degree for ecological security criterion layers
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Table 4 Obstacle degree results for individual indicators
A fy I TR TR A HE /Y Ranking of major obstacle factors by obstacle degree
Year/a 1 2 3 4 5 6
2005 P,(24.18) P,(15.46) P,,(14.07) S,,(13.52) P,,(12.07) P,(11.66)
2006 P,(18.07) P,(15.31) P,,(13.61) S,,(13.21) S,,(12.30) P,(11.30)
2007 P,(15.02) P,(14.67) S,,(13.93) S,;(13.63) P,,(13.00) P,,(11.38)
2008 P,(18.07) S,,(13.93) P,(12.54) P,,(12.34) P,,(10.98) P,,(10.61)
2009 S,,(14.75) R,;(12.43) P,,(10.69) P,(10.04) P,,(9.85) R, (9.31)
2010 P,,(10.37) P,,(9.03) R, (8.63) S,,(7.66) P,(7.10) P,,(6.79)
2011 R,,(11.86) P,,(10.03) Ry, (8.64) P,,(8.16) R,;(8.03) S,;(7.62)
2012 R,;(9.58) P, (9.47) S,(8.77) R,,(8.66) P,,(7.63) P,(6.73)
2013 $,,(9.17) R,,(8.66) R, (8.61) R,,(8.01) S, (7.28) P,(6.74)
2014 R, (8.85) S,.(7.28) P,(7.15) R, (7.02) P,(6.73) R, (6.63)
2015 R,,(8.17) R,5(7.73) S, (7.67) P,(7.64) P,(7.25) P,(6.84)
2016 P,(9.26) R,,(8.17) R, (7.19) P, (7.00) R, (6.97) P,(6.84)
2017 R, (7.72) S,,(7.58) P.(7.52) R,,(7.36) R, (7.14) R,,(6.94)
2018 S,,(8.86) S,,(8.45) P.(7.86) P,(7.72) P,(7.68) R, (7.32)
2019 R, (9.06) S, (8.65) P,(8.58) P, (8.56) S,,(8.43) P,(8.28)
2020 R,;(9.58) R,,(9.35) P,(9.12) P,;(9.04) P,(8.81) P,(8.78)
2021 S,5(12.19) R,,(9.87) P,(9.64) P,(9.53) P.(8.97) P,(8.62)
2022 S,,(12.19) R,,(11.31) P,(10.04) P,(10.03) R, (9.95) P.(9.32)
2023 S,,(13.23) R,;(13.01) S,,(12.19) P,(10.39) P,(10.26) P,(9.73)

V£ 2 I P S WA E (%)
Note: Figures in parentheses denote obstacle degree (%)
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Table 5 Comparison of accuracy test results for different prediction models

e S JEum 2 HE C AN SRy e
BURE Model type Posterior variance ratio C Probability of small error P WAL %9 Accuracy level
Ak GM(1,1) Basic GM (1,1) 0.58 0.71 A Qualified
Verhulst # %] Verhulst model 0.42 0.84 B4 Relatively good
FEMEIE GM (1.1) Residual-Corrected GM (1,1) 0.28 0.95 4 Good
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Fig. 5 Predicted trend of the ecological security composite index
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Fig. 6 Spatial pattern evolution of ecological security in Qinghai
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