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Adaptability assessment of flood control and water supply functions of river network in the Haihe River Basin and
diagnosis of key bottlenecks//Shi Shuhui', Li Fawen', Wang Xianling®, Chen Xu’( 1. State Key Laboratory of Hydraulic
Engineering Intelligent Construction and Operation, Tianjin University; 2. Tianjin Hydraulic Science Research Institute;
3. Hydrology Bureau of Haihe Water Conservancy Commission, Ministry of Water Resources)

Abstract: To scientifically assess the adaptability of flood control and water supply functions of the river network in the
Haihe River Basin, spatial data analysis, spatial matching equilibrium indexes, and a coupling coordination model were
used to quantify the adaptability pattern between river network functions and demands. Network robustness analysis was
then applied to identify the key bottlenecks that constrain functional adaptability. Results indicate a significant spatial
mismatch between the function and demand of flood control of the river network in the Haihe River Basin. High-value areas
of flood control of the river network are concentrated in the western mountainous regions, while high-risk areas with flood
control demand are primarily located in the eastern plains; water supply hotspots are spatially separated from irrigation
demand areas. The adaptability of flood control and water supply functions of the river basin network faces dual bottlenecks
of spatial imbalance and systemic discoordination, with poor spatial match of water supply function and the overall coupling
coordination degree nearing breakdown. The adaptability pattern exhibits a distinct corridor effect, with the coupling
coordination degree decreasing sharply from near-river areas toward the interior regions of the basin. The Hutuo and Wulie
rivers, etc. are the controlling sections that restrict the functions of flood control and water supply.

Key words: river network functions; adaptability assessment; spatial autocorrelation; coupling coordination; Gini

coefficient; the Haihe River Basin
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Fig.1 Overview of the Haihe River Basin
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Fig.2 Comprehensive adaptability evaluation indicator

system of river network in the Haihe River Basin
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Fig.7 Coupling coordination analysis results of river network functions and demands in the Haihe River Basin

A X D R 5 75 R MIAEAE R GEMEARILRD 25T ik
PMEKF 2R B (F 7(b))  5E 5% DI500 1 i 8
POFRG E (0. 842) SHRABMEEE (0. 515) ¥ h fe e,
S Wt A A A X, A KR TR i
S T ) e 5 T SR A SR A AR A —
JE _FFACA A R PR & s M 2T VT
TRE AT R A PR BE AR BT F 8 eI
S350 0.311 F10. 307, #4940 F 452 B 0 A5 2, 2 il
) G T Sl A AR T A ST B T 118 D e AR DX

HE—25 43 TR A DM IR BE 1) 2 [0 A% S vl A 2 B
53 Ab F-491 9 I 8 b b R A G ) X 3, HOE
16 5 T I 64 T S KR S AW & MR A T
B P SRAR ) DX IO )2 A 38 5 3 T )
(B T (e)) o B U R BE A7 7 35 00 AR T 2500,
RV PR I A S5 B e o Y S B e R, R
LRI 0~ 5 km ZZ W0 X P, A U B2 S0 (B 46 P Ak
TR AT (PR 0.5) , 0 T oAt X 5,
W5 B B30, B A5 DR B b 7 BV [, 7E >S5 ~
10 km JEFEI I FEZEZY 0. 45; M E>10~20 km F1>20 ~
50km A DX E—25 FREZE 0.3 R DIF, HERE
A7 SR B, O T AR DX, B AT A A B A At
IR PRITE AR A O B A | K R T R 4 v E S o IR T 7
AT YA T TR T PN SE BT i R O I 5 R b X 3
Ab TR T Re 4R G A A, B A Dh o B E WAL, R
SR K ORI 7 AT et R R 8 5 PR ) R X s St
ZE AN, e R PUR RLE 5 /B & 1K,
W B K S AL R S5 4, AR AR L 1 4
TR B
3.3 AN IhaEIE Bl I S 4 T B S
3.3.1 Fr#hruiE Bk b b Aam

e T] P 75 4% ) Ry ThT A Sek T ) 3 L AR X
BRAHE (I 8 (a)) . LSS H WoR, ERIA AT 50
T sy W By 4t T e 25 A3 O 4 B 0. 277 A

. 156 -

0.270, 7E T A F sk b 3 A, 2 4 T3 B kA
RIS, ARz L X R M AR
G AN By A R T IR PR AR ; A
T SIS HoR B2 F i iR K, ey it o B G
RENTUAZ O IRTT 5 238 T & 4, BT
T, 38 L R 2 e A AT — 202 W LA A PR 55 45
(E19(a) (b)), JEIEMANA N K7 A0 1 i 8B
HEAR R B4R PRI B, 38 R bR e T A X 45 - 2
B A I R R E 2 B JHOG AR ] X A 42 3
BERGEUKI S 5% 4 T ilbRE 1 B o6 2 X — 4%
5 Py s %K E W) A——2023 4R 1 0] 3 5K
“23 « TTRERBET UK P eI X o R X
ZRNHIK 512 5N, B R s R IX A2 K TR
909. 8 km” , BiiE T 130T B A A g 14t 7K Jolk 31 T 4 i 555
PES IR , 75 eI 5 bR 2 YT - gt dek
) [ 74 T i 11%) S s ol 1k T B, RS B TR 5 | Ak
Tl 43 X 451 FAT S 1) S 2 AR A s ) R R TR
G A L SE B R

—

0 0.360.50 0.58 0.68 0.88

0 0.27 0.41 0.51 0.62 0.90

0 125 250 375km
T —
(a) ButTine (b) Bk
8 EAIRIET MBSt S MK IR A E R E
Fig.8 Comprehensive adaptability of flood control and

water supply functions of river network in the

Haihe River Basin



B R e B bR e
Tl AR X 41 353 0 15 Tl AR X 4T 420 B 1
— 7.745~8.959 —— 10.708~14.658

>8.959~16.604

>16.604~21.099
>21.099~24.084
>24.084~26.100

>14.658~21.605
>21.605~24.472
>24.472-25.741
>25.741~26.472

0 150 300 km “‘\2} 0
—-——— - ——

/‘
(a) BT (b) T Tk
T WA v T RE TR B D) fE

B

A2 R 45 R AR R
—— 0.0147~0.0157
>0.0157~0.0173
>0.0173~0.0183
>0.0183~0.0189
>0.0189~0.0193

T BAg b e

Tl A WA 288 2R AR A
— 0.0272~0.028 7
>0.0287~0.0312
>0.0312~0.0322
>0.0322~0.0326
>0.0326~0.0328

=

=T //QJ/ ‘
S
0 /\{j}{ 0 170 340 km
OF: 3w (d) & T RE I R
] K Thiig ] ALK Th RE

B9 wamsiEsltTReH IS ISR

Fig. 9 Robustness-based diagnosis of controlling reaches in the Haihe River Basin

AW B R AT, AR R Pk, kA I
PRI — T LR B AR 2R 38 2 K PR AR I A A
JETRAL I E RE ST A W E R A e R A5 4
PRV B N U B UL T
3.3.2 K FhE R RS LA

IR D4R 7K T BE 5 THT L 3T P 3 P O 5
FLAE TR K SR B T & A O I 58 1 B IX 8
(EI8(b) ), B[ FIE T iz 1] - it 35T 7K 3y
AELE A & T B2 43 90 M 0. 181 A1 0. 478, AH XA,
VTR I 35832 7K U5 s 05 RIS 5 B 7K ) 5
T2, A lb A A 25 7K H 5k ; 1 T RG S F i
Sof Jeg S AL PR APE BIK X T WK D) RE SRR A
b T K A O JE € BRI S KOS, 1) 4%
SR BT E— R T B (B9 (¢)
(d)) o BRENFINE YN Ay 0T 1~ S 35 A3 7K Rt B 1)
TP AT B, AL I o 0 J ol o) 2% 25 R 48 40T %
10. 6% 5 1] A ] 2 Vi 10 RE 38 o] F i s i Ak 4R &R
AR T 0T B, 8 I3 ol I Bl 1Y) 286 28038 48 BT B
20. 1%, MR X IBAE K R ), P 8 B 85 DX 3 ]
IKEF TRRIE RGN F 8 2 5 | B RN K AT 3L 2
TR WERE X A BOK R BE IF ] e R KA TR 2T
I N 28 R IR, 28 T O A 9 38K 9 U8 2 )
I

4 & it

a. VR R D RE 5 7 R A 25 [ L A7 A
FEIC T O )7 7 D A S BV R 2R s B T A
Jey , B it SR U5 20 D, TP v AR B A
S A5 3 T AR D RE -5 T B >R B X A7 AE B
(1425 [B] S

b ] YT 00 3 P M A A S ) R A S R
RVARYRCE AT, 25 (] DECJZ 18T, 4 i 3T 9 fE 7K

IBE SR A2 e R B T M P I S %
SRR JE R KL, R WIMOK A IO R B 208 &, Herh i
TSR VE FE B foe ik, 2R G W 12 T, 43 3
WDy HE S R IR G PRI EE O 0. 401, A0 F il 2%
P45, Her AT 5 i A1 D e ) 2R 8 2 9 ) A
RN IR

c. IEATIA IR 1) 2 RE 55 7 SRR 1 bl A B2 A 2
(] 73 Af S B 551 T T e AR S Y JRRTE RN, A
B UM EEAE B ABTTIE 0~ 5 km (1928 v X PN fie i, OF
R T ) B g ) 1 P T ) T B, RS Tl T
VR TR ) DR 55 75 SR 45 A A% 0 R JE 2
DRI ) D) B T P 1 Y S

d. FETLRG MR 5 M2 & B A, RS R
Sl T T 0 T B PO R A 2
ST 14 75 A D BE L% 3 3 E B AR, i AT 5 7 T e
12§ K S e LR A A BRI . AT
DT i 7t K S PR AR, T e i | Dk ) O
77 P4 S AT B, QBTRT MR Sy AR K i P
B s 5 240 S 4 0 T R T g [ b A 2R £
S5 FYY 5 T8 T g 3 T 7 3 P R T ) Ay ik ok
PRBE A T B

S

[ 1] Abbott B W, Bishop K, Zarnetske J P, et al. Human
domination of the global water cycle absent from depictions
and perceptions [ J |. Nature Geoscience, 2019,12 (7).
533-540.

[ 2] Z=0h, 5, Ak, 4. KIT 1R 61 4Rk ST B
ARREAE RIF [ T]. K1 R 741, 2024,43(2) :33-45.
(Li Shuai, Zeng Ling, Xiong Bin, et al. Evolution and
attribution of hydrological drought in upper Yangtze River
Basin over the last 61 years[J]. Journal of Hydroelectric
Engineering 2024 ,43(2) :33-45. (in Chinese) )

- 157 -



[ 3] EEFIE, 8Ae okaE, 5. KW RS & i & S ¢
BEMAITAY S8 [ 1] KB IO, 2025, 41 (1) :35-41.
( Wang Menghan, Yan Denghua, Zhang Xin, et al.
Thoughts on key issues for high-quality development of
water network projects[ J]. Water Resources Protection,
2025,41(1) :35-41. (in Chinese) )

[ 4] BRE, BRI, TR VI H XK % 22550 X
BEf 0 [ 0], K F 2895, 2025, 43 (2) - 81-89.
( Hou Caixia, Chen Kecheng, Fu Hanliang.
Comprehensive evaluation of water security and obstacle
factor analysis in Northwest China [ J ]. Journal of
Economics of Water Resources, 2025,43(2) :81-89. (in
Chinese) )

[ 5] Kreibich H, Van Loon A F, Schriter K, et al. The
challenge of unprecedented floods and droughts in risk
management[ J ]. Nature,2022,608(7921) :80-86.

[ 6] Fratee. Wm0 70 7K 22 4 R i 5C S ) R0 R SR
BEXFHR [T, P E KA, 2025(12) : 1-7. (Qiao Jianhua.
Key issues and measures for safeguarding water security of
the 15th Five-Year Plan in the Haihe River Basin[]].
China Water Resources,2025(12) :1-7. (in Chinese) )

[ 7] Karki S, Stewardson M J, Webb J A, et al. Does the
topology of the river network influence the delivery of
riverine ecosystem services? [ J]. River Research and
Applications,2021,37(2) :256-269.

[ 8 ] Luo Kaisheng, Zhang Xuejun. Increasing urban flood risk
in China over recent 40 years induced by LUCC [ J].
Landscape and Urban Planning,2022,219.104317.

[ 9] FMR. T 5N 45 30 14 e filt Bt 2= 40 Me 55 1 43
HrID]. BB AR R, 2012.

[10] Wang Fei, Chen Yaning, Li Zhi, et al. Assessment of the
irrigation water requirement and water supply risk in the
Tarim River Basin, Northwest China[ J]. Sustainability,
2019,11(18) :4941.

[11] Liu Yang, Yang Yang, Wang Zhijie, et al. Quantifying
water provision service supply,demand,and spatial flow in
the Yellow River Basin[ J]. Sustainability,2022,14(16) .
10093.

[12] W RIMA, AR, 55 S54-DhRERE S T A3l K
R T VB Bl A (], KR oE B, 2022, 33
(1):79-90. (Dou Ming, Song Sunjuan, Shi Yaxin, et al.
Two-stage optimization of urban water system connectivity
scheme under structure-function coupling[ J ]. Advances in
Water Science,2022,33(1) :79-90. (in Chinese) )

[13] Ze Mg B i 22258, 45 JE T R EE 3 )27 1Y Jsting
Do TR VEE X 22 RUBE T EE FH /K s T3k ge [0
Fe kK F) K i, 2024 (1) :25-29. (Li Qifeng, Chen
Caiming, Li Dongxiao, et al. Research on the calculation
method of multi-scale irrigation water use in the irrigation
system of plain river network based on system dynamics
[J]. China Rural Water and Hydropower, 2024 (1) ;25-

- 158 -

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

29. (in Chinese) )

Shen Jiake, Wang Yuncai, Guo Xiaolu. Identifying and
setting linear water space priorities in co-urbanized area
based on multiple levels and multiple ecosystem services
[J].Land,2021,10(8) :858.

Dong Yi,Zou Lei, Xia Jun, et al. Quantitative analysis of
human-water system coevolution incorporating community
perceptions; a case study of Wuhan City, China [ J].
Journal of Hydrology: Regional Studies,2024,53.101784.
RVFI, BT, W2l GORMR Z 3 XK R 4 8 TR
RGR VPN I A GE [1]. K J1 R 41k, 2021,40(2) ;
12-19. ( Zhu Shijie, Mao Jingqiao, Dai Huichao.
Assessment method of benefits of interconnected water
systems in data-scarce regions [ J ]. Journal of
Hydroelectric Engineering, 2021, 40 (2): 12-19. (in
Chinese) )

Yang Yafeng, Wang Hongrui, Wang Cheng, et al. Coupling
variable fuzzy sets and Gini coefficient to evaluate the
spatial equilibrium of water resources [ J ]. Water
Resources ,2022,49(2) :292-300.

FEELER A ARV o [ K B IR S R AN K S E
P[], K 1 & H 22 ), 2020, 39 (6) ; 28-38. (Qi
Hongwei , Shang Songhao, Li Jiang. Quantitative evaluation
on spatial heterogeneity of water resources in China[ J].
Journal of HydroelectricEngineering,2020,39(6) ;28-38.
(in Chinese) )

Liu Yanhui, Carling P A, Wang Yuanjian, et al. An
automatic  graph-based  method  for  characterizing
multichannel networks [ J ]. Computers & Geosciences,
2022,166:105180.

Zhang Xingyuan, Li Fawen. Study on the correlation
between river network patterns and topography in the
Haihe River Basin[ J]. Frontiers in Earth Science, 2023,
11:1124124.

Spinti R A, Condon L E,Zhang Jun. The evolution of dam
induced river fragmentation in the United States [ J].
Nature Communications,2023,14(1) :3820.

Tt e WEMTIR K 225 SRR R QAR IE LA 5 L
H[D]. ®IL AR K5, 2022,

WA ELA T A A NS T R M R B i s AR Ak
e RS PIR MM I ] TR BT IR 15 #145, 2025, 34
(5):1073-1084. ( Dai Rui, Yan Yan, Zhou Yingping, et
al. Spatial-temporal variation of land surface temperature
and driving factors in Hefei metropolitan area [ J].
Resources and Environment in the Yangtze Basin, 2025,
34(5) :1073-1084. (in Chinese) )

EHFL BRI, DA R E A S SO R RCR A (] 1
i B Jm AR R AE [ 1], B PR 42, 2018, 73 (11)
2198-2209. ( Wang Geng, Li Sujuan, Ma Qifei. Spatial
equilibrium and pattern evolution of ecological civilization

construction efficiency in China [ J]. Acta Geographica



[25]

[26]

[27

[

[28

[

[29]

[30

[}

[31]

(32]

Sinica,2018,73(11) :2198-2209. (in Chinese) )

Liao T F. Individual components of three inequality
measures for analyzing shapes of inequality [ J ].
Sociological Methods & Research, 2022, 51 (3) . 1325-
1356.

M, XS A . v AR G 1 b X 2% 5 K 23 ) W 8
PERFSE[T]. TR LB, 2020,39 (1) ; 112-120. ( Yang
Chaojun, Liu Liju. Regional differences and spatial
convergence of low-carbon innovation output in Chinal J].
Journal of Technology Economics,2020,39(1) :112-120.
(in Chinese) )

ARERTT ORI R T SR SR 1 vk ) < P B 45 2R
eI T E 2 B AR, 2022, 35 (12) 1 219-229.
( Zou Tiefang, Xie

reconstruction results using clustering and precedence

Rongrong. Fusion of accident
ordering chart [ J ].
Transport ,2022,35(12) :219-229. (in Chinese) )

PKIEFR , RAEYE, RE 26t A5, JE TAUH A AHP ] Wi
Mt I (1], B B RHROR 222 4k, 2024, 46
(1) 179-186. ( Geng Zhenglin, Wu Jiani, Cheng

China Journal of Highway and

Xinghua, et al. Consistency adjustment method for pairwise
comparison matrix in analytic hierarchy process based on
weights [ J ]. Journal of National University of Defense
Technology ,2024,46( 1) :179-186. (in Chinese) )

SR, SRR A T R T R L A A
ASSCUTEE B BT [T]. AR 49, 2023,39(10)
217-220. ( Zhang Chao, Wu Shuirong, Meng Gui, et al.
Evaluation of the effectiveness of ecological civilization
construction in Shanxi Province based on the principal
component analysis [ J ]. Ecological Economy, 2023, 39
(10) :217-220. (in Chinese) )

i, SRR, %, 45 . 25 K AR I8 BT s K
IR PO AE PEAN (A A [ ] ARl TR 22 4, 2023, 39
(3):92-101. ( Yang Liu, Wang Chenying, Feng Chang, et
al. Four-dimensional assessment system for flood risks with
the river network system evolution in Xiangjiang River
Basin in Hunan of China[ J]. Transactions of the Chinese
Society of Agricultural Engineering,2023,39(3) :92-101.
(in Chinese) )

RS VR, L AF B T AL A - R ) Al
P I FEEN T[T ] KRR R i, 2024,
44(2).:22-29. (Gao Yuqin, Wang Jian, Gao Jian, et al.
Evaluation method of urban flood disaster resilience based
on combined weighting-cloud model [ J ]. Advances in
Science and Technology of Water Resources, 2024, 44
(2):22-29. (iin Chinese) )

FRPGUR, 25K 3, K55 LT /I B 1) 2% £ T 3 Jel ]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

LG AL S DREMA L[ J]. Ak Bk i, 2023 ,34(4) :541-
552. ( Zhang Xingyuan, Li Fawen, Zhao Yong. Structural
characteristics of the river network and its functional
responses in the Haihe River Basin based on small-world
networks[ J ]. Advances in Water Science,2023,34(4) :
541-552. (in Chinese) )
B Witk R A5 RIS T v I EAUK R 5
ABLIE S PRALL )] . B2 4, 2023,78(7) : 1608-1617.
(Xia Jun,Chen Jin,She Dunxian,et al. Opportunities and
challenges of national water network construction under
changing environment[ J]. Acta Geographica Sinica,2023,
78(7) :1608-1617. (in Chinese) )
Wang Xiaoyan, Zhang Silong, Gao Chao, et al. Coupling
coordination and driving mechanisms of water resources
carrying capacity under the dynamic interaction of the
water-social-economic-ecological environment system|[ J ].
Science of the Total Environment,2024,920.171011.
F IR0 SRS R B A R G TN
M [ )], MU B 2=, 2024, 79 (3) ; 779-799. ( Wang
Zhaofeng, Zhang Xiantian. Evaluation and impact of
adaptability of China’ s population-cultivated land-grain
composite system[ J]. Acta Geographica Sinica, 2024, 79
(3) :779-799. (in Chinese) )
JEIEET XURRAE AR A5 v BT B Ak 5 3T B2
JT OIS Il BB ST (7], HBRL S 2021, 41(7) -
1168-1177. ( Zhou Jianping, Liu Chengjun, Xu Weixiang,
et al. Research on the spatial adaptability of China’ s new
urbanization and urban medical resources [ J ]. Scientia
Geographica Sinica, 2021, 41 (7). 1168-1177. ( in
Chinese) )
XU, H KA, MR, 55 R T K AL AR 1 7K B 15 DG B
BRIERCHEIFA[J]. KBRS, 2024,40(5) :62-68.
(Liu Huan, Gan Yongde, Yang Qin, et al. Adaptability
evaluation of water resources and associated elements
based on perspective of water network [ J ]. Water
Resources Protection,2024,40(5) :62-68. (in Chinese) )
Si Weisheng, Mburano B,Zheng Weixing, et al. Measuring
network robustness by average network flow [ J ]. IEEE
Transactions on Network Science and Engineering,2022,9
(3):1697-1712.
TGS, B R¥e g A5 AT i 22 2 i /K 0
FIMEPEAG (0], K BRI, 2025, 41 (1) :27-34. (Fan
Zhipeng,Li Yunling, Ma Rui, et al. Resilience evaluation
for the Yangtze River and Yellow River inter-basin multi-
route water network [ J ]. Water Resources Protection,
2025,41(1) :27-34. (in Chinese) )

(R F99:2025 - 10 -28 Sl itk

- 159 -



