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Figure 1 Location map of Sanjiangyuan National Park
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Table 2 Yields, sown areas, and prices of major crops in Qinghai Province, 2020

l®7ES0 R B /hm? A RN R/ (GTi) 2P/ (OT/hm?) Hig i/ (5t/hm’)
HER 33770 144100 2620 2563.61 1474.27
INE 102410 355700 2250 5434.41
EEPS 11090 147900 2312 2321.89
F3 ZIIRERAERNARESAERSNERELSS
Table 3 Adjusted equivalents of ecosystem service values per unit area in Sanjiangyuan National Park
HEg A 55 PH 55 pETiSis SRR 55
EEREAK mw BRSO KEE R Al @k kX T dHE A B2
A A g W P 78 P PiFe Fhr R SO
it 0.60 0.28 0.01 0.47 0.25 0.07 0.19 0.72 0.08 0.09 0.04
FORN it 0.22 0.50 0.26 1.65 4.92 1.39 2.46 2.00 0.15 1.82 0.80
AR 0.13 0.30 0.15 0.99 2.96 0.90 2.35 1.20 0.09 1.10 0.48
Hih 0.27 0.39 0.22 1.38 3.65 1.20 2.67 1.68 0.13 1.53 0.67
T 0.36 0.35 1.81 133 2.52 2.52 16.96 1.62 0.13 5.51 3.31
B 0.01 0.02 0.01 0.08 0.07 0.22 0.15 0.09 0.01 0.08 0.04
K P 0.56 0.16 5.80 0.54 1.60 3.89 71.57 0.65 0.05 1.79 1.32
7V S 0.00 0.00 1.51 0.13 0.38 0.11 4.99 0.00 0.00 0.01 0.06

hitp://www.resci.net



X DA TR 5 D A 2 FR G R A5 (45 A 2 XU s 8 R SR A 353

20264F2 H

PEAS NG HEAT 25 [ ARG . BARA T
E&=§X%K) (6)

t=1

2 ER R 5 x A WA BLIG HP  HR AR 25 XU 4
B L, N x D MRS B ITH ¢ 28 R R 2 A T AR
L, M55 x A W BT b 4 R P2 A B AR R, N
55 285 i ) 2R £ 1 25 XU 25 N O - i
R R . 27 08 TR EE ) A 25 XU
TEAAE SR A 285 ARG 48 B0 B 7 v, R A G243
(A EE A 2020 5 Bk b 2B (B 0.356, ZRARZE I
{E7 0.166, B HBZETRAE 7 0.055 , 7K 38k R b 28 R AL
490.052, TR E 4 0.018

(3) XAE 1845 1] [ AH AR A

XU B 43 (1] [ AH G J2 4% [i] 5 A S AR A o L))
TR IR T 19 45 (1] 56 R AR, 2 [i) [ AR G 0] LA B
— BRI AE B A 4R s 8] A A SC AR A ] B
FHIE PRSI, A SR FOBUAR 1523 (8] [ AH 43 Br
D5 RIS RGNS (B 0 A 25 AU 6 Ak s ]
FHIE S R LA B 23 (] Jry R A TR 5 B IOk N, o LR
AAF

S
=41 L ° (7)
(m =1 EEW
2 TR RS B 4 Ry B 4 F 0, BUEYE BN -1, 10,
Xpo T 3, ST N TR KA PIRE BROT AR R R G IRSS
PHE S SR X, %, WHBIE 0, 0, B XN AR &
BRI S 5w, N 3L T 28 A1 4 3 6 R ST A SF k™)
F B0 55 1A W RS BT 22 8] Y 25 TR AL B A R s m ol
A% B0 SR . BT Geoda B0, 8178 2 [l AL T 46
W, A A2 Ry 1 R S B 2 O e 3 e 2 R R R
P, I 223 18] BT 3 43 Ay v 00 — o JRURRS: v {1 -
AR XUBS: AR A {8 — o XU FRTMER B 1 — 1R XU, 4 Fofr 25 ]
BERA.
(4) B AR Y
il B AR AR FR S A AT L 7 i 22 o 2R 47 ) )
B, 38T LLPEAS PR S B Ok S R AR, B
U A B, WA R BT A S LB FI IR 30
AR, HIRIREE N M i W AT S g
% (Biol-19) \NDVI NPP Fl + BN, #H & 25

JM NI IR . GDP N 3 B 4Tk ik
B T [ P RN T R 5, R AreGIS Pro
[ LK R A3 X Ge T T 27 Fn Z2AE HR 05 T
H7 O30 St 20 W, SRS s (AR
B A& MR 5 A REALAR MRS ARG S
randomForest fi, fll rfPermute £, , DA J7 iR 228 i A
41 b (Increase in MSE) K5 , XF 30 4~48 & #4740
X AR S HE T, 9T VAN B 3 TR A
E 12 FE ARG,

(5) E Mt e Hh 38 AR 5] A 0 e A8 2 45 b B
ES

AR SC LA =T B R b A 38 R G R Ss M (E ok
Bz, RSB AE N R AR &, 404 — 38 Z IR Y 25
[ JCHEARAE o [FIAS, SR FH 3R D0 2 B0k BRI 245, DA
H AR R EE At 23 28 5% 3R T 7 T AR = VLR [ K
o PR S R GU R 5 (B 5 AR 25 AU 243 [] DGR 1Y
XS, I 7 FH PR I R - 22 B AR I A
BONA R 9K 50 K- i 23 Tl i g 7 o BARA AT .

Vo= Bounv) + S B uav) X, +e, (8

7 = exp| M (9)
w = exp| 9

K.y, AL E e BAES I ; Bo(u,, v,) R AR,
HoA (u,,v,) IOLE e BIAEFR; X, RAOLE e 565 r FRAESS
RGNS B, (s v,) N X, BN R B €, iR 22
W3 Z,, R INEGE 5 b, A e M1 g HBE B s B M
Voo ST BRGNS I E 5 A 28 KU 2Z ) 1) 25
6] SR ELA B AR Ra A, SR R Do o i 38 fin AL
[A] A A5EY F by HL s [R) GG B . BE T RIG S R H

A& SCHAETT R AN [ ety 58 EA T8 — kB, e
% 255 Fld/ NI SEAE R dme Aty 9
iNho-hz
q = 1 - T (10)

P g MR 488, BUE A T 0~1 (B AR LA
T 5 b S )G RS T DX L g 30 3 ) X
SR s N SR AT X0 R IR A B 5 o7 D B AR
GAETT % 50, R WA T XIS AE 7 22 s N A
AR RS RO BRI A5 v AR 1AL Gt B
0 s S T T 28 A BB ML R 32 A 3 o 3 )

hitp://www.resci.cn



354 wOUR B o

H Ml g IR B S KA TR 25 P e e
3 ZRESMm
3.1 LA AT RS TESRERNE BT SRR
2000—2020 4F = VLI [ 58 28 el A [R) 28 AU A=
BRGMAAAA— P KPR S b AN A= 25
RGUHARYE TN, B AR RN KA S R S
TR (B 2) o N4t 284k & TR o L s 1
R AR R G, FE R e £, T b 422695.62
hm® (5 2020 4F &b 18 AR 2.76% ) , B AL Rk
PRI b T AR HO AR A TR AR S R A, Hom
N f 2 , L1401 308279.16 hm?, 3= 5 fy 57 i1
TRARER AR R 5 3% AT g2 M A8 A0 A5 F AR R 3R A
JERE N AR B E S, FE SRR

25484 45 21

W, — VT8 B 520 Bl PR oKk N hm s 3 /il , =5 /0K A= 28 R
40 17 AR K 2D, 32 A A Sk e s RK A4 b
23891.76 hm®, 5 H[E AT, AKARHE I 137956.59 hm?,
3, o TR B MORT [ R B A, M A AR R
e BN 627.57 hm®, MARXT AL (36 4) L F 1
A Ak Bl 285 B R B/ IMK IR - HEAR (-3.19%) (#F
i (=2.69%) . bk HE (1.29%) . 7K 14 (1.23%) | 3% Hb
(0.61%) . FT/WK (-0.46%) . ¥ Hi (0.16%) F1 # i
(-0.13%),
3.2 £BRGERSMESES KR AR 2B THE

(DAEBRGNRSS A= 224k

A3 R G R 55 (B 3K AR 5t 0 ks Fe (1 iR
2.36%) , i1 2000 4E 1) 3978.75 12 T £ 4 I 5] 2020

d. 20154
,@%{:‘ifﬁ?@ﬁfg\ IR

Pl

o BgEChG — Bk ki

M MR — A - K
2R Bl = Sk

=P L - -

O ERATEE - A -
FIRHTEE - Wk

2 2000—2020 F=TRERRAESELRBETREZT S HEL
Figure 2 Changes in spatial distribution of different ecosystem types in Sanjiangyuan National Park, 2000-2020
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Table 4 Changes in the area of different ecosystem types in Sanjiangyuan National Park, 2000-2020 (hm?)
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Figure 3 Classification of ecosystem service value levels and spatial distribution in Sanjiangyuan National Park, 2000-2020
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Figure 8 Results of single-factor detection
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Spatiotemporal evolution of ecosystem service value
and ecological risk in Sanjiangyuan National Park
and their correlation

LIU Shuai', MENG Yao?, CHEN Kunlun'

(1. School of Arts and Communication, China University of Geosciences, Wuhan 430074, China;
2. School of Environmental Studies, China University of Geosciences, Wuhan 430074, China)

Abstract: [Objective] Scientifically assessing the spatiotemporal evolution and spatial association
between ecosystem service value and ecological risk in national parks provides an important foundation
for supporting differentiated ecological management and zoned restoration. [Methods] Taking
Sanjiangyuan National Park as the study area, this study utilized land cover data from 2000 to 2020 and
integrated spatial autocorrelation analysis, geographically weighted regression with optimal bandwidth,
random forest, and an optimal-parameter geographic detector to analyze the dynamics of different
ecosystem types and to reveal the spatiotemporal evolution, spatial association, and driving mechanisms
of ecosystem service value and ecological risk. [Results] (1) From 2000 to 2020, significant differences
were observed in the area changes among ecosystem types in the study area, with shrubs and cropland
showing the largest changes (-3.19% and -2.69%, respectively), while grassland exhibited the smallest
change (-0.13%). (2) Ecosystem service value showed an overall increasing trend. The area of high-level
ecosystem service value decreased the most (-2.60%), whereas the area of relatively low-level ecosystem
service value increased the most (1.57%). (3) Ecological risk exhibited an overall decreasing trend. The
area of high-level ecological risk decreased the most (-3.05%), while the area of moderate-level
ecological risk increased the most (1.42%). (4) Ecosystem service value and ecological risk were closely
spatially associated and could be classified into four spatial clustering types: high value - high risk, high
value - low risk, low value - high risk, and low value - low risk. The high value - high risk area
decreased by 0.50%, while the low value - high risk, low value - low risk, and high value - low risk areas
increased by 1.41%, 1.11%, and 0.09%, respectively. (5) Driving factor analysis indicated that the human
footprint index and precipitation seasonality were the most important individual driving factors. The
interactions between NDVI and annual mean temperature, NDVI and the human footprint index, and
railway - road distance and the human footprint index showed strong explanatory power, revealing a
coupled driving mechanism of natural processes and human activities. [Conclusion] Based on spatial
association characteristics, Sanjiangyuan National Park can be divided into ecological restoration-
dominated zones, ecological protection-dominated zones, and ecological protection - restoration balanced
zones. Considering the differences and transitions among these zones, differentiated ecological protection
strategies—including zoned management, key area regulation, and targeted governance—should be
implemented to support the scientific conservation and restoration of the national park ecosystem,
enhance ecological functions, and promote high-quality and sustainable development of national parks.
Key words: ecosystem service value; ecological risk; spatiotemporal evolution; spatial association;
geographically weighted regression with optimal bandwidth; Sanjiangyuan National Park

hitp://www.resci.cn



