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Dynamic assessment of water conservation and analysis of key driving factors in the Yellow River water
conservation area based on WEP model//SUI Yaobing, NIU Cunwen, LIU Jiajia, JIA Yangwen, DU Junkai, HAO
Chunfeng( State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water
Resource and Hydropower Research, Beijing 100038, China)

Abstract: Based on the WEP model and the water conservation capacity assessment formula, geographic detectors and
scenario analysis were used to identify key factors influencing water conservation. The impacts of climate change and human
activities on water conservation in the Yellow River water conservation area were quantitatively evaluated. The results show
that the multi-year average water conservation capacity in the Yellow River water conservation area is 140 mm. The water
conservation capacity in the region above Lanzhou has continued to increase, while it has consistently decreased in the
southern tributaries of the Wei River and the Yiluo River Basin. High-value areas of water conservation are mainly
distributed in the Qilian Mountains, the southern part of the Yellow River source region, the middle reaches of the southern
tributaries of the Wei River, and the upper reaches of the Yiluo River Basin. Precipitation is the dominant factor affecting
water conservation in the study area, while temperature, relative humidity, topography, and evapotranspiration also
significantly influence its distribution, with synergistic effects among these factors. In the headwaters of rivers and lakes and
in plateau mountain regions, climate change is the dominant factor affecting water conservation. In areas with intense
human interference, particularly in central urban areas, water conservation is primarily influenced by human activities.
Key words: WEP model; water conservation; geodetector; climate change; human activity; the Yellow River water

conservation area
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Fig.2 Sub-basin and contour division of WEP model
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Fig.3 Comparison of simulated and measured flow processes using WEP model at 6 hydrological stations
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Table 1 Evaluation results of WEP model
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Fig.4 Change process of water conservation, precipitation, and evapotranspiration in study area from 1957 to 2021
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Table 2 Test results of water conservation, precipitation, and evapotranspiration trends in study area from 1957 to 2021
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Fig. 5 Spatial distribution characteristics of water conservation trend in study area
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Fig. 6 Cold and hot spots analysis results of water conservation in different periods of study area
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Fig.7 Geographical detector analysis results from different regions and periods
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Fig. 8 Analysis results of factor interaction in different regions
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Table 3 Scenario scheme setting
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Table 4 Relative contribution rate of climate change and human activities on water conservation in different regions
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I-1 38.02 61.98 I-1 33.38 66. 62 -1 5.16 94. 84
I-2 72.58 27.42 n-2 25.06 74.94 -2 26.55 73.45
I-3 84.00 16. 00 -3 66.79 33.21 -3 32.94 67.06
-4 22.40 77. 60 -4 68. 40 31. 60 -4 66.22 33.78
I-5 55.74 44.26 I-5 64.45 35.55 -5 11.14 88. 86
1-6 8.10 91.90 -6 67.15 32.85 -6 19. 24 80. 76
-7 25.66 74.34 1-7 71.45 28.55 m-7 41.25 58.75
I-8 83.16 16. 84 I-8 74.05 25.95 -8 22.18 77.82
19 37.01 62.99 1-9 74.56 25. 44 m-9 24.20 75. 80
1-10 72.49 27.51 I-10 76.50 23.50 m-10 28.32 71.68
[-11 8.51 91.49 I-11 74.91 25.09 m-11 34.20 65. 80
[-12 64.12 35.88 I-12 85.05 14.95 m-12 22.98 77.02
1-13 51.65 48.35 1-13 50.72 49.28 M-13 55.14 44.86
I-14 22.06 77.94 I-14 82.91 17.09 -14 7.38 92.62
I-15 58.43 41.57 I-15 64.02 35.98

XA 7 A, B3 A0 7E AR X FL B 18 A0 55 b 9 S
FEINPYS /N I W N1 B2/ M | S 1 I NS R 1 7 2 1 2
HR 3 Hb DX FNRF AT B S5 R AR X, TE T RS
WS 15 MK SR ER S ESHENA
13 A4S FHXF BTHRE N 50. 72% ~85. 05% , 15 46 KR 43
WX AL I -1 A2 S XN K TG £ R H &,
T4 DX = M o) FH 2R 7 DR B b ok 32, N80
BERIZL, XK R I SR B R AR P T I 3
14 A3 X A& -4 AN T-13 (S
A A S R X HUM B A X A, 2100 M e
B, NS /b s O o) v i A ST 3 i X, A b R
FAZSHI DL A A o 3, NG B % O ZRR
gl EFHE X 5TEER R 58. 75% ~94. 84%

] 10 AN 43 X 4% A< 5 B 38 0T /K U ok 5% 1) 5T

ki, HE 10 W 0L AH S E R, 2 DL X
IR TR AE AR AR08/ 11, 44 mm , Hop oK 238
JNTTHR T 6. 68 mm , K FH 5 DTHK T —18. 96 mm, X
AR TR T 4. 14 mm ; T80 5 11 3237 7K JRA 57
FEASAE IR /D 33,99 mm, M EE 2 v A K 118 46 6
TR AR, N 38. 72 mm , HORONIRRE , 46 % BT ik
R 7.7 mmy G AT I A A A I KR R A e 2D
39. 76 mm , SR EFA K IR TR 00 5 i AL KA
T A L S AR ] RA K 2 i 2 %o ik i Bk,
15. 58 mm , RGHE 248 XF 57 ik B A/, AR 2. 33 mm,

B 11 AR 53 XN 23 3l o6 7K 5T 55 19 5T ik
pr < I O O U0 o 151 )2 B S IUD G @R T S b A
B TAE S G R RS e , F HTH S5 0 I U e
LA R T BT A K RS A A0 MG S R i



Bekim o Uk HEABHEL o HXRREE o Kok o HAl
— 31-15 — J10-15 ————= [II-14
— ol {1-14 e to- {10-14 e {1113
11-13 — 11-13 —_— = 4 1I-12
5 i {1-12 -— 1 10-12 —————re—s - III-11
e 41-11 ——e-e H1I-11 N FR—— ' ) B T)}
- 1 :‘190 b & 1 {}})0 i oo — {19 0P
= = - s — 1w ¥
—_— 7 = _— 117 2 ¥~
1e R o e R -t 16 &
R S 115 o 411-5 — 4 1I-5
— {14 —- 111-4 =i 110-4
8 13 e« U3 1113
—_— = 112 ———ese—s {112 ——ee————I-2
L e —se . [-] . ole—r—s ]]-1 L eeete—n d[II-1
-50-40-30-20-10 0 10 20 30 -70 -50 -30 -10 10 30 -50 -40 -30 -20 -10 0 10 20
TR PR A2 AL I fmm FK IR SRS AL B /mm KSR AR A B /mm
(a) 22JHPL FabIX (b)) TR LU S (c) PHgITiR
E10 ARSRESKEZMNKERFHTEHE
Fig. 10 Contribution amount of meteorological elements on water conservation in different regions
o HIFIFHIZRAL o TOLAIK < ETHHIK o AOILAIK
—s——1-15 — 71-15 = 1lI-14
—_— {1-14 : 1-14 — 113
—> 11-13 — I-13 — <  {I-12
1112 — I-12 ——— 111
—_— 41-11 —_—— —— I-11 — o JII-10
— {110 — 1-10 op , s Juo o
-t 19 = - 9 5 —— s ¥
G A— 1% — < {m7 X
" i 1 R ° i e R —e—s 06 R
— {15 — o I-5 ~ 1 I-5
— 11-4 —u I-4 — 14
— 11-3 —e -3 —— AIII-3
— 112 —e 12 — HII-2
) ) R — 11-1 L 41-1 : — : : —ep 4 [II-1
-20 -15 -10 -5 0 5 -30 =20 -10 0 10 -70 -60 -50 -40 -30 -20-10 0 10

AKIRRFRAL it /mm
(a) ML EHIX

AKIRRFRAL it /mm
(b)) BT LS

FK UG FEAE b i /mm
(e ) PRk

B 11 ARSRAELEIHXKIREFHTHKE

Fig. 11 Contribution amount of human activities on water conservation in different regions
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