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Spatiotemporal Evolution and Differentiation Mechanisms of Green Water
Resources in the Yellow River Basin under Ecological Restoration
Jia Lei', Lan Jing"*
(1.College of Public Administration, Nanjing Agricultural University, Nanjing 210095, China; 2.China Resources,
Environment and Development Academy, Nanjing Agricultural University, Nanjing 210095, China)
Abstract: [ Objective ] Green water resources serve as a crucial support for agricultural production and the ecological
environment. Clarifying the spatiotemporal patterns and driving mechanisms of green water under changing
conditions 1s of great significance for achieving regional ecological protection and high-quality development.
[ Methods ] Based on multi-source remote sensing data, this study estimated the green water resources in the Yellow
River basin from 2000 to 2023. The Theil-Sen trend analysis and Mann-Kendall test were employed to examine its
spatiotemporal evolution, and the spatiotemporal geographical detector was applied to quantitatively analyze its
differentiation mechanisms. [ Results] From 2000 to 2023, green water in the Yellow River basin increased
significantly, from 323.2 mm to 442.3 mm. Green water flow contributed 99.70% of the increase, while the increase
in green water storage accounted for only 0.30%. Spatially, green water resources showed a pattern of "more in the
south, less in the north". Areas with a highly significant increase in green water accounted for 64.44% of the basin,
widely distributed in regions such as the Ningxia plain, Fenwei valley, and the northern Shaanxi plateau, with the
northern Shaanxi plateau being the most pronounced. Ecological restoration was the dominant factor driving changes

in green water. Due to its transition from "area expansion" to "quality enhancement", its effect varied noticeably
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across different periods. Grassland and forest restoration zones were the main positive response areas for green
water changes, but their effectiveness was influenced by other factors, indicating that the spatiotemporal
differentiation pattern of green water in the Yellow River basin resulted from the nonlinear interaction of ecological
restoration, climate change, and underlying surface conditions. [Conclusion] Future ecological restoration
projects in the Yellow River basin should fully consider their eco-hydrological effects, with a focus on the
hydrological impacts and threshold optimization of vegetation restoration. The findings provide scientific support
for the integrated management of the regional human-water-land system.

Keywords: Yellow River basin; green water; ecological restoration; spatiotemporal differentiation; geographic

detector
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Fig.1 Location map of the Yellow River basin
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Kt 44 K% AEAy PR A B3

SPRZFEHLKR 2000—2023 500 m W NASA B MODI16A2GF 7= it Chttps: /ladsweb.modaps.eosdis.nasa.gov/)
AT a o i rp [ B2 g % IR PR B Bl 2E B 7 6 (http : / www.resde.cn/Default.aspx)
Rats £ — 1km M
HH ¥ NPP 2000—2023 500 m Bl NASA ) MOD17A3HGF 7= fi Chttps : //ladsweb.modaps.eosdis.nasa.gov/)
+HAAH  2000—2023 30 m Mg B R KR U SR EdE e Chittp : / www .nedc.ac.cn)

+ 5Ky 2000—2023 1 km HAE
SRR 2000—2023 1 km WA R A R RR2E B H 0 Chtitps: /data.tpdce.ac.cn/home)
EFESI 2000—2023 Lkm  HiH4%
FLA 3 2015 1:1007 K& [ #3045 B VR 0 5% Chttp: /www.webmap.cn/main.do method=index)

2000—2023 4F- i 1Y 5% b 22 B3 & FIAE 4 15 400 9 2R
77 B 43 K U T NASA #2441 MOD16A2GF
A MODI17A3HGF 4l 7 i, 25 18] 73 #F 2% 4 500 m;
- KB K R T R B R A S o BRIk g
B 1 km 3 30 B 50 s 42 (SMICT 1.0) , i ] R hy 45
H 76 ArcGIS "o H B & 4F B 8045 s DEM & 2 F
- HE 2 253 (6] 43 A ECHE 35 FR b R 2 B B VR R R R
SRR F A 4R Hodh DEM 2045 98 T SRTM 90 m
P TE ArcGIS T 545 B 0F 5% X 3 B His .

BHE A o E 121 000 000 - 38 28 18 73 i) o3 A K di 4
25 (B 4 BN 1 ks ASBIF 5T B0 4 104 = b R 2% 4
V5T G UK N R = 00 R 2 B v oo B4R 1% v [ 4
1 B R 4 (CLCD) , Hofu 4% 4 W 2% Ak L3
A CHH KR VK i AR 37 K A 9 A — 21
M2, R R B 9F % BEAE ArcGIS o L E 4 25 bt
H BB M K 8K 1R FH b R IR B 5 [ KR
SR U5 T 7 9 e DR 2 A A s BRI Y op [ R
F B K AR 5, R 1 kmo B AR %

http. // stbexb.alljournal.com.cn



%551 TS R AR BT BT Il A B R I s AR N 4y S LB 393

KB RE 520 SH 0 — 3800, AR &R
UR BCHE 1 A bR R G E L o WGS 1984 UTM
Zone 49N, 73 #E R 48 — R AL ZE 250 m.
1.3 MRFE
1.3.1  Gkm ok Sk RS KEGWS) A
LK CGWED R, I 4 K i J2 48 A7 T + 4l
TR0 JZE ) 3K 3 (SW 5 £ K I I 22 7 Ml 36 T 44 i
i I 2R A KSR LUKIR R R Y 4t
K, BVSEBRZE B & (ET)O™ 2 MR 4 /K S 7 &, —
A A 3 380 K 43 WS T AR R < K (PO AE F B Hb
TR R AL T K (D) Z 5, H T 4338 43 55 A6 o 52
PRZ& & (ETO A+ HEK (SW) 8B h

P=R-+D+ET+SW (1)

b A I (R M S B 28 W& (ET) g i &, L T

JKCDYFN 3K (SWO R A7 S, 57 B 7 B[] P i J5
JK - A R AT A N

P=R-+ AD+ ET + ASW (2)
A PRy B B ] B K i mm s R Ry B0 B[] 7 3
i, mm; AD Sk B IS R] Y bR 2K R A AR i, mm
ET g B A0 B[] 8 38 52 B 28 B 2, mm; ASW Oy B
A7 B ) P b K A AR X AR A, mm R+ AD 2 i 3
B I ] ) 5 K B, mm ET -+ ASW Shy 3t 38 #6437 15 8]

N AY&E K 5, mm.
W gKkE X R AR N
GW=ET + ASW (3)

Kb GW Sy B ] It Sl A5 400 B ) B P B AR SfOK i
mm ; ET A4 5L (8] B N B 4F SE PR 28 0K, mm s ASW
SR AR B ] Bt P 3K A3 AR A i mm

132 TRABHFHSHAZTFHELTE KR RH
Theil-Sen Median &} 2 7 43 #7 8 7] i 5% 2000—2023 4F
LRI GER S NPP i 28 ARtk i 3, B R g 3R

ﬁmedian(lz’_?’) Vi (4)
a2, 53 50 R S K FRE B NPP R3S ¢ S F e A
JFHME R ArcGIS #RA4H =35 1 i) 25 A8 Ak s 5 53
425 T E R EE AN Baw >0, Bapp=>0) 5 ZK 34 i i
F B NPP IS 2> (Baw =0, Bapp=<0) & 7K Uik /0 i A8 B
NPP 3 11 (Bow<C0, Brpp—=>0) I = F 13k > (B,w<<0,
Brarr<<0) o I K Fl Mann-Kendall ( {8 FK “M-K” ) 4 %
30 7 A ey AR AR ke A S R T R
ERGIT AR 5 (Z)#E 47 W R 55, #5738 3 0.05 i 3
PE 7K TR 50 ) Ay 8 3 AR Ak, i — 20 AR R AR Ak 5 1 il Z
{52 A N (5=>0,p<<0.01) W& (>0,
0.01<<p<C0.05) & F I > (3<C0,0.01<<p=<<0.05) .
i 2k D (<20, p<<0.01) G & & A8 fk (p=>0.05)5

K ABAXS B D HES

1.3.3 2R 3% M B0 B8 R 5L T 2 A Ao o
JZ2 S TP R N LTS UK B 1 B Ge i Oy i, A e B
U B 5 43 S AL o) A BT A5 D7 T LA R A Y A T R
B PEDOS  HER E EAE T 58 AU AN
A AN G AW 58 18 FH DR 1 D00 2 R 38 B R 2
oK R 5 B IR L B % K U R B B S A AL . TR
DA A% 0o B Sy o oA A R R AE — o R I e PR AR
A 23 ] A3 A, AR 2R 0% B A2 S i e R /A2 1) 2 )
o35 AR RN g 8k RAE HRE AR

q:1—7z’lzljjmh (5)

No
K h=1,2,, L LKL IK S R & B 2 6] 5
JZ 5NN A3 510 0 )2 h B4 XA B e B i 507 N2
WEk KA T 2 50" R A X SRR AE AL B 7 2% 5 g 1Y
EBCR 0, 1], 2678 3K 8h B & i BE ¢ < 100%6 11 &% 7K
AR AT 25 4 5o 38 BARE R AR I AT 4R 5 2 A4S 0K 8l R 3
B 0 R R AR R CY )RR R 938 A R WA
T2 HAE BB )1 o X\NX) 5 24 IR <7 i B
71 g (XD F g (X0 B K /N H 0 28 B AF T o B2 R 26
B(E 2,
*2 AEAPWEFHZEERARR

Table 2 Interaction types of different influencing factors

] WA Al S HAE R
¢(X,NX,D<<min[¢(X), ¢(X,)] ALk M98 55
minl ¢(X,), ¢(X,) [<<g(X;NX,)<< T
K] 24 7

max[ (X)), g(X,)] FALPR - 28 ik 55
g(XiNX >max[ ¢(X), ¢(X,)] KR T3

¢(X,\NX) = ¢(XD + g(X) ST
¢(X,\NXD>q(X) + (X)) AR Mg o

LKA R A2 B A SR IR 5 NI sh i WL E
S, PR K AR A AU DR R A AR Al R X Bl sk K
B A Ak e T Y B Bl PR 5 T OB AR L RS
I S5 R e 2 K L U A R s e B 2 4y
Ao (R B RHARE N S0 2l 5 e 1) 4 1 7l A8 Ak B 2
AR T b AR W A s A S B A KRB, 2 A
N T I S T IR S ) A WD Rl S i alta ol &
ARV B X SRR R IR AR AR Y B SR SCsE B AR
58 I 25 A% SRy 98 i N 3 25 st 23 AR Ak 2 A4 40 £ o0 S 2
LB R A AN SCER B R AR BR B 3 R I T A
9K Bl PR 7, R R 000 g A Y X6 3T 9 4 2000—
2010 4E F1 2010—2023 4F 2 4~ B (1% 4 K 9% A8 Ak it
TTHE 28 43 SR AT (32 3) . 1 24 B 10 A4 48 /K % s A
Ak 1R A TR 0 RS AR ) AR . 2R X
TR RN A TR Sy A SR B R, R AE X
SRR 7= AR S R A R R BT S 1 AR A5 i £

http. // stbexb.alljournal.com.cn



394

PSRV R 3

840 %

i ) FH 5% 7% 155 D0 B 20 2R 0 AR MK A ROIBK A A
AR A A S 4 PR ] T RAR L W TR
Jiti o[BS 2 S B U B NPP By AR Ak i 7R A
AR S TR S it AR B R AL 5 3 0 B A% B 5 B

WAERE K AR 2w MEN BRI & .
I AreGIS B Az i o BT i 3k 1Y 3 km X 3 km
B IR HE A% ISR AR R AR i 5 [ AR R AR
Sy i, B 25 A5 TR ) o A B

®3 BARBFZKNEELSFENTEFRE

Table 3 Selection of driving factors for spatial heterogeneity in green water of the Yellow River basin
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{2 m*)=>IK (13742 m®) , e i Bk b 0 AR i R 3G
135 96.20%0 By &k . MW EBRGGoK EB L E

PR, 2000—2023 44 48 R G K i g R K 25
B, Horp Bk b g oK BN S 23, i 316.0 mm K
£ 449.1 mm, 4E P E K 3 1.80 %0 5 Mk b 1 L3 114
ZRARKIG I R W AR 35 KR35 D 1.50 26
1.30% , Horpr B 2K £ L3N 444142 m?, 2 0F 52
PRV i IR AR e i e KRS R e . A T Y
SRR G RS AR R R 0.70% (A i T
TR 8K L 4K S i 44.242 m®. i A< F) ) M 1
2 K M 199.7 mm B 291.2 mm , 8 [H H: i FL 4
I g K R L Bl 2 i 1.7 42 mPs
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Table 4 Variation in green water across different ecosystems of the Yellow River basin
B Hh M Fi b K3 B A
B/ R/ W/ RE/ EWE/ OB/ EBME/ RE/ FEMME/ SR/ FMME/ R/
mm fZ.m® mm fZ.m? mm fZ.m® mm fZm? mm fZ.m® mm fZ.m®
2000 316.0 644.5 445.5 374.0 313.9 1428.7 325.0 9.2 341.5 37.2 199.7 46.2
2005 371.4 727.7 519.8 445.8 385.3 1785.3 366.6 10.9 358.7 45.6 241.9 46.6
2010 413.8 787.9 561.0 498.0 421.5 1964.1 409.2 14.9 366.7 56.5 297.2 47.2
2015 441.0 819.6 608.1 557.8 424.7 1979.0 399.1 14.2 387.6 70.4 303.3 44.8
2020 456.7 851.9 616.0 591.3 436.8 2 000.2 418.3 16.9 405.4 82.4 316.9 48.4
2023 449.1 837.6 600.1 576.0 409.0 1872.8 395.5 16.0 400.4 81.4 291.2 44.5
2.2 EAERIE G K ET L IR HLE TEA [F] I BN A7 AR W] 2 22 5 : 2000—2010 4F , A= 254K
2.2.1 2000—2023 42k BF 2 o B FRA sl R (ERM) I ¢ H 8 0.379, i B 1 29 A B2

iy B 0 g8 X ] B 2000—2023 4F Y 4k K i 43
A HEAT 43 S HLH AR 5T B 2R, 4 X R A
RWIR & W TR RSl
0.01)(F5),

FE T B SR F O T R R (Dem) Fil 328
(SoiD) X &R 7K A8 Ak 1 fif B ) 85, 2000—2010 4F (1 ¢
{E 4351 24 0.111 F1 0.178; 3 JiE (Slope) # i B 77 41 Xt
B, 2 g {8 20 51 0.057 F10.001, 7E A SCHR 3 A
F O, A SR E R i (ERMD 5 808 (ERED (9 1E H

R (ERED 9 18 4% 5 5 e AH 2, 2010—2023 4F- A= A4k
AR (ERE) Y ¢ {8 R 0.195, A= 4K & 1% i (ERMD
19 g LAY Ry 0.067 , AT B8 & Hy T 2 I g 4ol A= A5 K 52 5
PO TR 5K 7 B B i AR TR B B . AR K
Bl A F7E 24 B N W AEAE ] I 25 5, 2000— 2010 4F
B 7K A% Ak (Per, ) R A2 £k (Tem, ) B g {8 53 51 R
0.178 F1 0.125, X i i 19 114 & 7K 25 Ak B A 458 8 1Y) i TR
715 M AE 2010—2023 4¢ , B /K 224k (Per, ) AR A2 1k
(Tem,) i B 1 ¥ 34K o

x5 SEFHEARBSANTEHMNERESD
Table 5 Factor explanatory power for green water spatiotemporal variation in the Yellow River basin
AR A N SCHK B K AR B N -
) 7 IX

Dem Slope Solil ERM ERE Per, Tem,
2 X 0.111° 0.057° 0.178" 0.379" 0.021° 0.178 0.125
i 0.081" 0.024 0.142" 0.116" 0.010" 0.132" 0.101

2000—2010
rhiE 0.168" 0.038" 0.193" 0.018" 0.041" 0.205" 0.125"
i 0.152" 0.071 0.234" 0.002 0.151" 0.230" 0.176"
£X 0.052" 0.001" 0.064" 0.067" 0.195° 0.030 0.038"
L 0.032° 0.001 0.055 0.018" 0.115° 0.011" 0.025

2010—2023
rhiE 0.042° 0.002 0.082" 0.003" 0.157° 0.073° 0.037"
T 0.138° 0.003 0.149" 0.001 0.357° 0.190 0.137"

VR T AE0. OLKF 5t 3%

Y T B A XK I 2 g S v e, R R b B
PR 25 43 506 i gk b O U E AT R R i —
A P& R R 2K i 2y S 5 e AL Y 25 S v
(FR5), SRR, &KW TTEAR G X0 g B 1 XAk
FFAEE R 25 . R IR B, 2N = S W T
43 5 kg A M2 R (Soil) A A B K Z SR (ERED , ¢
391 0.142#10.115, 54X REEAF, 2000—2010
A i Ml XY 32 53K 8l R O B K AR 4R (Pery) 5 T
2010—2023 4 v jife b X A9 32 72 K A7 ol A 25K AR &K
R (ERE), H B W & T H ALK 3 I+ . 75 8

T[T W AR SR UR (ERED 1 i B¢ 71 78 2 41
2 OR3P, 26 BH AR 2SR R TR 2 52 ) T Ui R
KA AR B B2 Ay Sk R o (B AR TR B Y 2, 2000—
2010 4F 1 i b DX A A= A 2 46 it X - CERMD Jf- oK 3
b PRI AR SR ROCR H ¥ (ERED Y g 624
0.151, HA B o 1Y il B 1, 2 BIZ I 301 i 1 IX & 7K
B 25 43 S b R BT S 4R T

2.2.2 2000—2023 KM Ty FRLEMN BT
FHFHEINS K E , GKIER 204 L2 2
AL VERFAIE o Sy it — 25 43 B 4% PR 5[] 114 528 .52 1 L
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il A B 5 1) FH Hi 2P DU 25 v 9 58 BB D AR B X L
HEATVEAL (I8 5) o S5 R W, 45 I 138 BAE F 34 R 9L
by Al 4 M 1 i O PR B 5 2 RV O 20 2000—
2010 4F , A 25 & 15 i (ERMD 5 4% R 7 19 28 HAE
q TH35 3l KT A2 B4 A I 5 REK AR fb (Per, ) 38
RN S A JE TR T R, g E 3 i = 0.50, [
AF, A= A KR 15 it (ERMD 5 3% B (Slope) il 58 B i H
XK AR AL R ) IR bR R . EEHF

T2 S 30 A K A A it 1Y) 4% T3 R AR 4, 0 n R SE AR
bk B TR A AR . 2010—2023 4F A BIRE
5t (ERMD 5 2R N 7 (ERED A &l ¢ {54 0.38, #
i T H RN T g2 AC0.26) , F B AE K & X 3 N
AR B NPP I K 2 5 T 40K 25 284k o 45 F i
TR OH A g E¥EAR, JEE TR R X EE L
T ) 2 K A 6 ey U 3 0 A T G Sk K B s AR Ak
6 Jm 1) i BE T AS S o

ERM | (a) 4x[X2000—20104F ERM |(b) 4:[X2010—20234 0.07 ERM | (c) FiiF2000—20104F

ERE ERE ERE
Per, Per, Per,

Tem, Tem, 0.040.1: Tem,

Soil Soil 0.06 0.11 0.15 Soil
Slope Slope 0 0,08 0.07 0.05 Slope
Dem | 0.1 Dem {0.05 0.08 0.11 0.09 0.1 Dem

N NN N
ERM |(d) E{i$2010—20234 ERM | () F1ii#2000—20104 0.02 ERM | (f) *Fii#2010—20234

ERE ERE 0.04 0.08 ERE
Per, 0.01 Per, Per,
Tem, 0.03 0.11 Tem, Tem,

Soil 0.05 0.09 0.11 Soil Soil 0.14
Slope 0 0.7 0.05 0.02 0.13 0.03 Slope Slope 0 0.10 0.08 0.11
Dem |0.03 0.06 0.09 0.07 u.og-gm Dem Dem [0.04 0.07 012 0.09 0

FrEEiEE FEFEEEE FEFEEEE
ERM | (g) FilF2000—20104 0 ERM |(h) Fi#r2010—20234

ERE
Per,
0.43 0.39 Tem,
0.39 0.36 0.37 Soil
Slope

Dem | 0,14

FEEEiEE FEBEEE

5
Fig. 5 Explanatory power of interactive effects among factors on green water variation in the Yellow River basin

TR R 43 XA 32 558 1 PR 7 B HC A o B Al A7
R R 225, i X A 32 S ALHEFE K (Per) VR
Ak CTem, ) Fl AR 259 52 15 it (ERMD 22 8] # 28 HAF
o il XY 3 5 R R B K AR 4 (Per,) , L 5 4%
W B2 H g8 (K 5e) . 8 FIFHIX , & W 158
AR BIAL T8 KCF U H R A SR RUR (ERED
55 AR R Z 181 1 28 AR, 3¢ B AR 25k R a5 R
P DX 3 b D i 500 R A AR Ak, 22 DR L [ 4 98
T TR Ui DX SR K B S AR AR 4 S A )R (Bl Sg~ET h) .

BUREEKENERFZEERBREN

2.2.3 FHEMRBREAKE T 5 F R AR R IRF o
A A5 A2 ELAR DN AT A W A% ER N SRk IS 43
S A AR SR AR P s {EUHE L 43 B AR
FA 7 50 Ay ik — 25 43 b FLAE FH O 1) B Bz 43 X
4511 2000—2010 4E F1 2010—2023 4= 4% 3K 5 K+ 47
DX g K A A 5 A, I K d5c KA 19 43 DX SC oA 38 1 i)
L DX, S /M Y 43 X SR i B e B DX (R 6) . AE
S AR A TR 2 Ty, B K (Per,y) A1 IR (Tem, ) 4 %
a K AL 7 AR TE e 3K SR T H A 5 BOAS [ 9 4 K
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B . BAKRF , 2000—2010 4E [ 7K 58 1F i
X F 43 7K 38 fin & R 94.2 mm, 1 75 B K 3 £ 1 5 5
T, 2010—2023 4F (1) £ /K 34 & A K & 39.9 mm,
& W £ 7K fk I AN T BRL b B 955 K 189 0 17T 38 K, 8 A7 A
PR LB A . AR R EE R B EE (Slope) 3
IR X g K AR A 43 G R o 15°~25° 3% B S i Ak Hh

Al Sy PR R A2 s DX 38, H: 2000—2010 4 28 7K 386 Jin 1=
I8 89.2 mm(FR 6) . [FFEHL, X 4b T 0°~3 M X i,
KB b . (A EE N, 2010 4F J5 B i
BT 5 b XX S 7K 0 I N R K AR AT B (E R
—33.3mm, JEFE I EEE T 5 LRk e B 2=
DL 5 A 0 A K S BO™ AR SR oKD

R 6 EIAIE K I AL 52 82 M B X iR F

Table 6 Key response regions identified for green water variation in the Yellow River basin

0% 5 i 37 2000—2010 4F 2010—2023 4F
HF KA 43 X 58 S KA /mm BT 43 X8 X KA /mm AEFI 71
Dem 588 TF W] i X 1 500~3 000 m 90.5 + 500~1 000 m 67.4 +
38R 70 0 7 X <500 m 5.8 + 1 500~3 000 m —9.3 —
Slope R 1 1 7 X 15°~25° 89.2 + >45° 23.5 +
R 7 0] i X 0°~3° 56.7 + 0°~3° 10.7 +
Sol 548 T ] 3 [ WE+ 91.0 + b+ 49.7 +
548 671 W] 37 X IR 32.2 + +52+ —33.3 -
ERM R 1 1) i X K 89.6 + FOYIN/S-S 62.4 +
R 70 i X IR 72.2 + K 5 —4.4 —
ERE 588 TF W] i DX 170~240 g/m?* 111.8 + >160 g/m? 93.8 +
S8R 70 7 X <0 g/m’ 39.6 + <—30g/m* —11.9 —
Per, 5HR T ] 1 X 106~170 mm 94.2 + 121~235 mm 39.9 +
BRI X —192~—98 mm —26.4 — 0~27 mm 0.3 +
Tem, S 1 M X 0.30~0.48 °C 99.0 + 0.24~0.47 C 32.9 +
588 70 0 7 X —0.4~07C 35.1 + 0.02~0.24 C —45 —
& 6 A1, 2000—2010 4F , s W i 3 A %9k 3 s i

DTk A 2 (R 2 K 38, SF- 29 (8 R 89.6 mm, % i
191 A 2R R R R K AR A A 5 £ R X5 FE 2010—
2023 4F | FR MK B IX o 2 7K AR Ak 9 ik 1 T 0 X,
KAS AL Ry 62.4 mm, R W GRAKIG INAEAR KRR B 1%
e FASWE TR . b, 2000—2023 4F , B
T U B NPP 5 48K 52 30 H 350 B 8 09 B 1) 28 1k
LA . M NPP 3SR 2 % 7K 35 /4 5 (B
X, 2 A2 K AR AL S 398 43 51 4 111.8.93.8 mm, i
TR H A B PR o S — 2 Gt = U [F s fk
FRAR 2 B0, NPP Fl &g K 5] B35 A0 60 380 i AR L
K(78.56%), HJ Z /A T HO sk b b R
B 4Y M IX, 3 B R B R 52 R S IR R kK B

[ w-wep- [ Gw+ NPP-
[ Jow-n~ee+ [ 6w+ NP

0 300 km
E I S|

Bl 6 2000—2023 4 EIA IS Gk ME S NPP I R I a8
Fig.6 Synergistic change of greem water and vegetation
NPP in the Yellow River basin from 2000 to 2023

Y A 25 3R G0 /K AT A 1Y) J S AL A K % IR
Z B S AR AE AN ZEIE S S PRI, 8 R H i s
A5 A REAE IR B ML A I S nT R AL R TR I Y
PE B ARBEGE R L, 2000 4F LA, ] 3 1 4% 7K
HU BRI, SE AR SR -8 WKk aE
A ALK B I Sk K BN & 1 99.70% Hh &% K i 5T
1k L T kKA AR A AN SR T AR E TR IR B
(AR B B B B 0 AR A B R I L DA T 32 K U 1Y
W, BAROCRFE W58 10 8RR R R AR S R S
8 £ K 1SN 4 R 3 646,142 m®, 3R WY I S A K ) 4
FE Ry A PR K TR SR K AR | B R
PR AR 7= gk oK o [ e T AR 2SR B S B B T
3R B AN [, H 6 S K st 2 AR Ak 10 A R A7 1
Wi 22 S M PRI A% 45 R R, 2000—2010 4F , i
B Sk OK A8 Ay S d2 B A AR TR I S T
F32010—2023 4F , H 38 5 PR R FE AR by A= 35 A2 350 2R
38 T, B B Bk S A T ARk B R
(9 B B 2 A8, DL K A A P R 7K BB T 1S R Y T S AR
O T DA B T AR A K 38 i Ok AR AR
W TR . RV BT I A K B s
AR Pyt RE B /- N W R (S i T TS
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BEVE 7 15 VE P 55 15 it 42 T 2 K R 2503 ik 20 X e
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PRIT 35 W 1) 25 0] 43 S 45 X R L A 2 el 3 2 1 i
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