55 42 B 2 W KoBEOE RO 2026 4F 3 A
Vol. 42 No. 2 Water Resources Protection Mar. 2026

DOI:10. 3880/j. issn. 1004 - 6933. 2026. 02. 001

2] G L XOR B -RRIRRE & R SE s (1)
JRUS: 53 B
BAp RS B R E S, A AR

(1. A R 2 O W A A P TR S 5 2. T R A/ K SOK B B
3. AT b 7 9 AU T 5 By A 2 A AR LG 5 4. RVIKR & & KK SR 5
5. AR MIFB BRI Z 1225 6. KA A M RN 5 7. BT B A e e B AT BR 2 7))

BE. . AHRF ZTHABNEERE FRET TARBRIAE RRTRALRAZE R R, 8 i A8 H
ST R BT R I IR B, e R R E LSS AN IIRA T RS 8] X BRAFAE, R A 5%
EHMETNT AMETAEALED T ALK IEF TTAL, &R AP . FTRBAT R4 R4
FEHESRER, LETRIREL P THSGAEEFTZIRAAEAR RERAE S HEWE
B IC Bed B TR TR R4 KRR IEHEEANT 0.42~0.45, 2 Fird LK ey 2 5 7
By B RE SR s IR A2 50 R4 R BUR B ( <0. 35) 12 P B3R R A3 37 e A 8 X
(R ) £ &4 A T Lif (de il b3 FHER) FRFGHFHBRT R, AR (HAR) &
FETH(4 b ABIE LEHIFR THRFEY),CEARFSH DT ZNGTHFRERGLSL R
BT R -RER 2 AR AR SR KT 0 T B4 THAE, BRL THWMARES; £RRRE
L AR B AR E SR TR 6 TR A R 44%Fe 56% ; T FF T FR (AR F
3R T E L1 ) SAE TALE Tk FIME(51. 2% ) BRIV 6% ~9% ; A K EFH 3T 4L R R AL
EFER AT A THKREL80.6%, LF & T AT 19. 4%,

KR RTRAERAZE R G NIe o7 ; B4R TAL ; AR F 3 TR

Water-energy coupling system in nine provinces and autonomous regions of the Yellow River Basin ( Il ) risk
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Abstract: To scientifically support risk management in the Yellow River Basin, a risk analysis of the water-energy coupling
system in nine provinces and autonomous regions was carried out. The trend analysis method was used to reveal the
spatiotemporal evolution pattern of risks, and the spatial correlation characteristics of risks were identified by combining
spatial clustering and coupling coordination analysis. The residual decomposition method was used to quantify the driving
contributions of climate change and human activities to system risks. The results indicate that there is a spatial mismatch
between water resources and energy supply and demand in the Yellow River Basin, with a significant imbalance between the
upstream resource endowment area and the high energy consuming economic belt in the middle and lower reaches. The
spatial matching of energy system production consumption is higher than that of water resources system. The probability of
water scarcity risk ranges from 0. 42 to 0. 45, showing a gradient differentiation pattern of high in the middle and lower
reaches and low in the upper reaches, with prominent inter provincial differences. The overall probability of energy shortage
risk is relatively low (<0.35), but the sensitivity is higher in the central and western regions. The risk cold spots (low
risk) are mainly distributed in the upstream (such as northern Gansu and western Qinghai) and are expanding to the
northwest of Qinghai year by year. The hot spots (high risk) are concentrated in the downstream (such as the eastern and
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western parts of mountains, southern Shanxi, and most of Henan) , and their scope is shrinking year by year and showing a

trend of clustering towards northern Henan. The risk coupling coordination level of the water-energy system of the basin

tends to stabilize after a slight decrease, and is overall in a weak coordination state. At the watershed scale, the average

contribution rates of climate change and human activities to water resource risk are 44% and 56% , respectively. The average

contribution rate of climate change in arid and semi-arid regions (such as western Inner Mongolia, Ningxia, Shanxi)

(51.2%) is 6% to 9% higher than the basin average. Human activities play a dominant role in energy risk, with an average

contribution rate of 80.6% in the watershed, significantly higher than the 19.4% contribution from climate change.
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Fig.3 Water resources and energy supply and use pattern in nine provinces and autonomous regions of the

Yellow River Basin
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Table 3 Pressure index and shortage risk probability of water resources and energy in nine provinces and

autonomous regions in the Yellow River Basin
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Fig.4 Time trend analysis results of water resources and energy risks in nine provinces and autonomous

regions in the Yellow River Basin
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