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Abstract: The Yellow River water recharge area in Gannan is an important ecological barrier in the upper reaches of the Yel-
low River. The stable provision of ecosystem services is essential for the sustainable development of the Yellow River Basin.
Based on land—use changes from 2000 to 2020, the equivalence factor is corrected by combining net primary productivity
(NPP) data and socio—economic factors, the ecosystem services value (ESV) of the study area is calculated for five periods.
Through methods such as spatial autocorrelation and centroid model, this study investigates the spatiotemporal evolution char-
acteristics and spatial heterogeneity of ESV from 2000 to 2020. The results show that from 2000 to 2020, the land use/cover
change (LUCC) types in the Yellow River water recharge area of Gannan were mainly grassland, woodland and cultivated
land. The areas of grassland, woodland, construction land, and waters have increased, while cultivated land has decreased
by 448.57 km® at a rate of change of 19%. From 2000 to 2020, the average ESV was 408.785 1x10° yuan. The main focus
was on regulation services, with hydrological regulation and climate regulation accounting for about 48.69% of the total
ESV. Grassland and woodland made the greatest contribution to ESV and are key land types for the total value of ecosystem
services. The size of the water area continued to increase, affecting the rise in ESV for water production services, with a cu-
mulative increase of 3.401 3%. Land—averaged ESV showed a strong positive spatial correlation, and spatial clustering was

generally stable. The spatial distribution of woodland had an important influence on the spatial pattern of ESV, with areas of
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higher ESV overlapping with areas of concentrated woodland, while areas of lower ESV were dominated by construction

and cultivated land. The research results reveal the spatiotemporal pattern evolution of ESV in the Yellow River water re-

charge area of Gannan under the background of LUCC changes. The results can provide a basis for spatial planning, eco-

nomic development, ecological environmental protection and management in the region, contributing to the high—quality de-

velopment of the basin.
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Fig.1 The location map of'the Yellow River
water recharge area in Gannan
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Table 1 Ecological service value equivalent scale of the Yellow River water recharge area in Gannan
AL M2 IR 55 PR SS SRS YALIRSS
DA et BV KGOS ST ST LI KO LS R AEdskere ORI
kb 0.85 0.40 0.02 0.67 0.36 0.10 0.27 1.03 0.12 0.13 0.06
b sith 0.29 0.66 0.34 2.17 6.50 1.93 4.74 2.65 0.20 2.41 1.06
B, 0.10 0.14 0.08 0.51 1.34 0.44 0.98 0.62 0.05 0.56 0.25
K3 0.50 0.23 8.29 0.77 2.29 5.55 102.24 0.93 0.07 2.55 1.89
AP 0.01 0.01 0.00 0.28 0.70 0.00 0.02 0.40 0.00 0.00 0.00
AAHH  0.00 0.00 0.00 0.02 0.00 0.10 0.03 0.02 0.00 0.02 0.01
b 0.51 0.50 2.59 1.90 3.60 3.60 24.23 2.31 0.18 7.87 4.73
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Table 2 The value coefficient of ecosystem services in the Yellow River water recharge area in Gannan
g — gk &j&%%ﬁ&%mﬁ%ﬁﬂﬁ-kmf-a") ‘
kb M R} 7K 3k bivdi ) A A F b
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HELA R S5 JEURLAE 461.92 762.16 161.67 265.60 577.40 11.55 0.00
RIS 23.10 392.63 92.38 9573.21 2990.91 0.00 0.00
ST 773.71 2 505.89 588.94 889.19 2194.10 323.34 23.10
SR A 415.72 7 506.14 1547.42 2 644.47 4157.24 808.35 0.00
o Helb s 115.48 2 228.74 508.11 6 409.08 4157.24 0.00 115.48
IR SCRY 311.79 5473.70 1131.69 118 065.73 27 980.56 23.10 34.64
IR 1189.43 3060.19 715.97 1073.95 2 667.56 461.92 23.10
SRS ARG 138.57 230.96 57.74 80.84 207.86 0.00 0.00
EREZ=2ds 150.12 2 783.04 646.63 2944.71 9088.20 0.00 23.10
AR S EL S9! 69.29 1224.08 288.70 2182.55 5462.16 0.00 11.55
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Fig.2 Spatial distribution of land use in the Yellow River water recharge area in Gannan from 2000 to 2020
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Table 3 Land use type change from 2000 to 2020
_ A Hb A 2
Ay e[t T =
kb it b K3 AR A F b 1B
2000 TA/km? 4710.21 7923.67 18 947.74 159.61 375.80 410.96 633.22
Lt f5il/% 14.20 23.89 57.14 0.48 1.13 1.24 1.91
9005 T FY/km? 4.524.79 7954.12 19 090.51 169.58 393.59 410.96 617.64
' I 13.64 23.99 57.57 0.51 1.19 1.24 1.86
2010 T A/km? 4364.94 8008.82 19 079.22 177.05 475.46 386.47 669.24
He /% 13.16 24.15 57.53 0.53 1.43 1.17 2.02
2015 T /km? 4310.32 8004.89 19 071.82 194.66 531.83 387.86 659.82
e ilr% 13.00 24.14 57.51 0.59 1.60 1.17 1.99
2020 T /km? 4 261.64 8025.00 19 169.20 189.41 512.98 386.23 616.57
Lt f5i1/% 12.85 24.20 57.81 0.57 1.55 1.16 1.86
s000-2005 i/’ -185.42 30.45 142.77 9.97 17.79 0.00 ~15.58
' BHASE/% -0.79 0.08 0.15 1.25 0.95 0.00 -0.49
2005-2010 AR /km? -159.85 54.70 -11.29 7.47 81.87 -24.49 51.60
BIAE% -0.71 0.14 -0.01 0.88 4.16 -1.19 1.67
2010-2015 AR AY R /km? —-54.62 -3.93 -7.40 17.61 56.37 1.39 -9.42
B E % -0.25 -0.01 -0.01 1.99 2.37 0.07 -0.28
901522020 Al /km’ -48.68 20.11 97.38 -5.25 -18.85 -1.64 -43.24
A% -0.23 0.05 0.10 -0.54 -0.71 -0.08 -1.31
20002020 AR i /km? -448.57 101.33 221.46 29.81 137.18 -24.73 -16.64
BhASE % -1.90 0.26 0.23 3.73 7.30 -1.20 -0.53
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Fig.3 Transfer flows of different land use types in the
Yellow River water recharge area in Gannan from 2000 to 2020
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T A AP > Bt > b > 7K 3sf > > 8 158 T 1t > A< |
FH M H B b v R s D R S B R 55
HY /D ESV S/t # s B FIARHL Y ESV (1 ESV
ST 79.07%, ESV AR B (R S5) 2T
B K AN X AR S R G0 A R 43

2000-2005 4, Bt At TR0, #R b T R
b R AR ESV 380 B ESV 38 043 5T Ak

R4 HEEAKEEEX 2000-2020 £+ #F)] BiEf4ERHE

Table 4 Land use transfer matrix of the Yellow River water recharge area in Gannan from 2000 to 2020 (km?)
20204F -
HRRIIE B o & KW e KA Feli i
Hhith - 67.82 373.21 9.97 137.99 5.45 1.88 596.31
N 15.24 - 157.12 1.78 4.06 1.52 0.52 180.24
Tl 97.45 210.05 - 11.70 26.82 13.27 14.02 373.32
2000 4F 7K, 248 0.69 2.69 - 0.45 0.06 4.01 10.38
A 27.25 1.18 5.46 0.40 - 0.05 0.07 34.41
A HIH 0.82 0.70 42.69 0.00 0.69 - 0.01 44.91
ik Hb 4.52 1.18 13.34 16.32 1.58 0.05 - 36.98
B\ 147.75 281.62 594.50 40.18 171.59 20.39 20.51 -
£5 2000-2020 EARR LRI ESV I
Table 5 Variations in ecosystem service values (ESV) across different land types from 2000 to 2020
p b : _ HRRR : _ ait
L S b K ek i AR SRR
2000 EBRGERSMIEESV/(x10° J6)  21.8116  209.9965 1109349 23.0961 38.0388  0.6162  0.0949  404.589 1
2005 ERRG RSN EESV/(x10° J8) 209530 210.8034 111.7708 24.5392 371029  0.6454  0.0949  405.909 7
2010 ERRG RS MEESV/(x10° J8)  20.2128 2122532 111.7047 25.6204 402027 0.7797  0.0893 410.862 8
2015 HEBRGEMSMIEESV/(x10°J0)  19.9598 212.1490 111.6614 281693 39.6365 08721 00896 4125377
2020 ERRGRGSMEESVA(X10° J8)  19.7344 2126819 1122315 274092 37.0390 08412  0.0892  410.026 4
2000-2005 AL RH(X10° TT) -0.8586 0.8070  0.8359 14431 -09359 0.0292  0.0000 13206
AR % -39366 03843 07535 62484 -24604  4.7345 -0.0007  0.3264
5005-2010 AR AR /(X107 TT) —-0.7402 14498 -00661 10812  3.0998  0.1343 —0.0057 4.9531
AR % -3.5328 06878 -00592 44061 83546 208013 -59586  1.2202
2010-2015 AL RH(X10° TT) -02529 -0.1043 -0.0433 25488 -0.5662 0.0924  0.0003  1.6749
AR % -12514 —0.0491 -0.0388 99485 -1.4083 118568 03603 04077
9015-2020 A AR/(X10° IT) -0.2254 05330 05701 -0.7601 -25976 —0.0309 —0.0004 —2.5113
AR % -1.1294 02512 05106 -26982 -6.5534 -35451 —04221 —0.6087
2000-2020 AL H(X10° TE) -20772 26854 12966 43132 -09998 02250 -0.0057 54374
AR % -9.5234  1.2788  1.1688  18.6749 -2.6284 365048 -6.0187 13439
T 63.3%.61.1%, 2005-20104F, b 4k 2/, Ju(Fs5).
ARG, ESV B BN T 4.953 1x10° J0, Jt #2322 FAIUESV RALARES AT

G ESV 8 in i 2 YRR BE . 2015-2020
A R bR AN, R R AR b, &
F 2020 4E M ESV MR [A HE 2015 4E FRE T 2.511 3x10°

2000-2020 4F , H B B K PR 25 XCELITESV 1Y
ARG SRy 7K SCIRI > 19 > 1 e RA> A= My 22
PES IR SR> S 5ol U R AR 7> B )
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HE TS IK IR LS U R R A IR (R 6) o HrhuK S
5 VAAEE T2 & B BSV Y 48.69% , $E4E T H EEL Y
A TIRE, PR HE 5 A B ) B EE 24.07%
57.51%, H ELAT B3 A 015 D BE ; B Hl i a0 5 [

TEYE R PR ESY L R, FRER
4 3.742 6% .0.806 5% ; /K BTIRALLAE Y ESV SR R 1
A SR R A K ST R RS s ESV T,
SRR K7 3.401 3%,

+£6 2000-2020 FHAITAREZ ESV 4L,

Table 6 Variations in the estimated single—item service value (ESV) from 2000 to 2020

s sobr HER R GRS S
7N [ [N e [ N
" T R E OKBREALS AT X3 R LA
2000 HEBRGMS M ESV,/(x10° TT) 9.934 5 11.690 5 8.392 1 36.321 6 94.112 7 31.534 1
2005 LB RGRS MEESV/(X10° 0) 9.7759 11.645 0 8.461 9 36.3190 04.461 0 31.652 2
2010 HEBRGMSMEESV, /(10" IT) 9.6717 11.643 7 8.704 5 36.471 5 95.088 2 32.009 5
2015 B RGN A ESV/(x10° IT) 9.621 2 11.614 2 8.841 4 36.428 3 95.077 5 32.064 6
2020 EBRGMSMAESV/(x10° IT) 9.562 6 11.596 2 8.6776 36.392 7 95.150 0 31.939 6
20002005 AL /(X10° TT) -0.158 5 -0.045 5 0.069 7 -0.002 6 0.348 4 0.1181
AL 1% -1.5958 -0.389 2 0.831 0 -0.007 3 0.370 2 0.374 6
ARAL AR /(X10° JT) -0.104 2 -0.001 2 0.242 6 0.1525 0.627 2 0.357 3
2005-2010
A% -1.066 3 -0.010 7 2.867 1 0.420 0 0.663 9 1.128 8
2010-2015 ARAE R /(X10° JE) -0.050 5 -0.029 5 0.136 9 -0.043 2 -0.010 7 0.055 0
' AR 1% -0.522 3 -0.253 7 1.573 2 -0.118 5 -0.0113 0.1719
ARAL A /(X10° TC) -0.058 5 -0.018 0 -0.163 8 -0.035 6 0.0725 -0.124 9
2015-2020
AL 1% -0.608 2 -0.154 9 -1.853 1 -0.097 7 0.076 3 -0.389 6
2000-2020 ARAE R /(X10° JE) -0.371 8 -0.094 3 0.285 4 0.071 0 1.0373 0.405 5
A% -3.742 6 -0.806 5 3.401 3 0.1956 1.102 2 1.286 0
s sk B RG MRS5S it
- [ERAN v o N > N o oy
IR SCIH T TR SRR AEWEAE BRI
2000 HERRGRSWEESV,/(X10° JT) 102.868 2 45.460 1 3.7213 41.246 5 19.307 5 404.589 1
2005 BRGNS E ESV/(X10° JT) 103.880 6 45.412 3 3.708 5 41.283 5 19.309 8 405.909 7
2010 EBRGEMSMAESV/(x10° IT) 106.444 4 45.564 4 3.709 6 41.894.9 19.660 4 410.862 8
2015 RGN E ESV,/(X10° JT) 108.214 7 45.502 0 3.700 2 41.837 2 19.636 6 412.5377
2020 HEBRGMSMEESV,/(X10° IT) 106.589 3 45.445 6 3.694 3 41.540 3 19.438 3 410.026 4
ARAEAR/(X10° JG) 1.012 4 -0.047 8 -0.0129 0.0370 0.002 3 1.320 6
2000-2005 -
A% 0.984 1 -0.105 1 -0.345 3 0.089 7 0.012 0 0.326 4
2005-2010 AR RH/(X10° ) 2.563 9 0.1521 0.001 2 0.611 3 0.350 5 4.953 1
‘ A% 2.468 1 0.3350 0.031 3 1.480 9 1.8152 1.220 2
AL /(X10° JT) 1.770 3 -0.062 5 -0.009 4 -0.057 7 -0.023 8 1.6749
2010-2015
AL 1% 1.663 1 -0.1371 -0.254 5 -0.1377 -0.120 8 0.407 7
2015-2020 ARAE R /(X10° JE) -1.625 4 -0.056 4 -0.005 9 -0.296 9 -0.198 3 25113
ARALR 1% -1.502 0 -0.1239 —-0.159 2 -0.709 5 -1.0099 -0.608 7
2000-2020 A (x10° ) 3.7211 -0.014 5 -0.027 0 0.293 8 0.1307 5.437 4
AL 1% 3.6173 -0.0319 -0.726 1 0.712 3 0.677 2 1.3439

HFE HE KPR ANA X 45 BRI ESV K 2 2 )1 8 2K
AR, K YA YRR &£ ESV T
BT 0.371 8x10° JC 5 HoAth il 55 Ty B8 2% A i 5 AH X B
E o Hi MR M T AR P B 0 A AR K SCIE Y kIR
B DL R 2m 5 AF ESV A BRAET, B3R 43510
3.617 3%.1.286 0% F10.677 2%, % b, fEAE R G R
% IIREH, B HB AKX ESV STERAR B RO, AR S

R YRI5 B (A OG5 2T

24 ENEERTAA
24.1  LJRASE ALK

HEE E KU A XA FIFFE T 45 Moran”’s 1
B 0.651 4.0.672 4.0.645 3.0.649 5F10.653 1,
¥ ESV SARTEE , S B5R ) 25 Al IEAH G . 2000~
2020 4%, 73 [ AR RS TG B LT, Sk sl B AR b
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B, Hip, 2005 s MERMER AR (LT,
2005—-20104F, 25 [A] 42 B PE R P ik, 25 ] IEAH &t
TEARWIRE o B TRk AL A 2T B, 18 o A 15

FH b 1o A0 B, S e Al 4R R B S0 55 .
2010-2020 4F, 25 [A] FE VK &2 T FHaH (B R ., 25

A TEAHSCHE R TR

®7 HEEAKBEIEREFH=EBHEXGITHE

Table 7 Global spatial autocorrelation measures of the Yellow River water recharge area in Gannan

=270 2000 4F 2005 4F- 20104F 20154F 2020 4F
42 J7 Moran’s 0.651 4 0.672 4 0.645 3 0.649 5 0.653 1
HHER(H 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0
VAL Yix 235.019 4 242.651 8 238.886 6 239.587 0 237.0187
PRI 0.001 0 0.001 0 0.001 0 0.0010 0.001 0

2.4.2  HIIJESV JmERES A A%

FF RS (A HAHRES R, — ST i ESV
T ey 3 [a] (%) 4 R RE B i a3 57 =) %8 Moran” s 1
FEHC, 2 H LISA £ R (K 4) . EZ5 R -
R A 3FIEEREA, m—m R X EE
FEIG T B | 51)e B /A, Hofh X sk A & 2 0 A

TR RAR R X =24 A 7E I 5 L 28 VR B DL X3
ANBEERX LR W B Al B0 b
KIXIE, 2000-2020 4, Im 5 58 B —m 4R
DB /b IV L s — e AR R X 22, A I AR
Pkt . 2015-20204F , fig i E A - TAE R X 3
EEN IR 3

102°E 103°E 104°E 102°E

103°E 104°E 102°E 103°E 104°E
(b)2005%F

(¢)20104F

Pl 5]
ESV## i) 4 5%
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] rus
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Fig.4 Spatiotemporal change in the LISA cluster of the ESV in the Yellow River water recharge area in Gannan

2.5 HHAFIEIEA
251 ESVH.LITH
T8 JF O B AR AT HAA H 2000-2020 45 8] H R

B KPR AN X H O AT RS ) s (B 5) . HIELS
AL, H R B K R AN A X ESV O 4 R O a1 B
3 1 13.16 km, N SAESE N M RS iE B £ 5L e N,
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v

- W] 2000-2020 05T X AR HFESV 8,
HARXT EEZEE T
2.5.2 WYY ESV [¥75 [8) 4340 FEE S AR Ak a3

MESV 1 25 8] 43 4 3k F , H g 2] K I #h 45
X ESV % iy 1 DX 35 5 bR b %% 4 M X FE & |, Ifif ESV
AR ) DX sl ) DA 5 P b Bk R 3= (B 2 (B 6) .
ESV A 9 X 4k 32 22 4 op 7 i B BL &0 U B L
At i B R B A R X . ESV R IX
I 3 AR R R T DX 3 A R S A T L = A R
—2,

2000-2020 “FEEAR AT, AR AL AWK,
US43 B 4 ESV S BN (&1 7) , % 243
] 20004 Ropizes  —— o TS RGN RE AR 4 0% K S HA B
B oooemopist o SRR TR 0~10 J5 T8/km? X ] P, 52 25 X dk B4 o £

® | 20004EESV ity J2 4 il o 25 50 100

© | 20204FESV I S SEHE km FX MR —7 3 BB 10 J5 oo/ km?* [ X [] P, R 3R

36°N
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102°F 103°E 104°E DI 32 B A TR TS DX A AL B M X, A0 65 I 117 L e
55 2000-2020 & H A A A AL S R MG S P EL B A Ml S M X5 I 0~10 77 76k’ Y IX T Y
Fig.5 Center of mass migration in the Yellow River
water recharge area in Gannan from 2000 to 2020 %%Eﬁﬁzﬁﬁ%ﬁ?@?‘ﬁi&ﬁo
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Fig.6 Spatiotemporal distribution of ESV variations in different periods of the Yellow River water recharge area in Gannan
3 Wi BRI AR S RGP A5 KRB ER . RS
TR H B B KIR AN X 1R S AL R 2 D
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Fig.7 Spatial changes of ESV in the Yellow River
water recharge area in Gannan from 2000 to 2020
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Hi A 252 4 B A3 [B) AR S 42 JR 2 ] [ AH 9E Mo-
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