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Abstract: Water resources, economy and ecology are important components of the high-quality development of our society. In order
to facilitate the coordinated development of high-quality water resources, economy and ecology, taking the Yellow River Basin in
Henan Province as an example, we collected a long series of data on 27 indicators for 3 subsystems. We also clarified the relation-
ship between the current value of the indicator and the target value, explored the temporal and spatial distribution characteristics of
27 indicators, used the combined weight method to determine the weight of the 27 indicators, and established the evaluation model
of the water-economy-ecosystem coupling coordination degree of the Yellow River Basin in Henan Province. Then we used the ARI-
MA-GM combined model to predict the development trend of the degree of coupling and coordination from 2021 to 2025. The results
showed: (1) The comprehensive evaluation index of water resources-economy-ecosystem of the Yellow River Basin in Henan Prov-
ince showed an upward trend from 2000 to 2019. Among them, the comprehensive evaluation index of economic subsystems rose the
fastest among the three subsystems. (2) The water-economy-ecosystem coupling coordination degree of the Yellow River Basin in
Henan Province is on the rise, reaching 0.8105 in 2019, which is a good state of coordination. (3) Using the ARIMA-GM com-

bined model to predict by scenario, it is found that scenario 4 has the greatest relative improvement, and its coupling coordination
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degree will be 0.9394 in 2025, reaching the high-quality coordinated development category. The Yellow River Basin in Henan
Province should improve water resource utilization efficiency, strengthen ecological protection, and expand the space for high-quali-
ty urban development on the basis of rapid economic development.

Keywords; Target value; spatio-temporal distribution characteristics; improved weight method; coupling coordination degree;

ARIMA-GM combination model
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Yellow River Basin in Henan Province
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Tab.3 Water resources-economy-ecological coupling coordinated development index target value

1672 HbrE H AR 126 R His
ARG/ 446 2017— 2019 4E4=[F 435K 2074.5 . 1971.8 . 2077.75. 2019 4EJL 5T 114.02, ik 332.19,
(m*/ ) I 438.85, )1 1041.21, 951 343.85, R2MH 675.00, K% 274.40, |- 199.10
A GDP/ 149988  2017— 2019 444512k 59201.00,64644.00,71000.00. 2019 4Et 5 16500.00, 7%
(T/N) 145500.00, 31l 200400. 00, ]~ #H 159000.00, #5 H 179200. 00, E B 93900.00, K i%
99900.00, | 157000.00
B 10 2017— 2019 4E2x [ 4354 2.68 ,3.35 ,4.10. 2019 4EJk 5t 38.40, i 1.31, %4 6.45, ]
FARR/ % M 1.60, F54H 0.80, ELBA 7.20, JGi% 12.05, 13§ 1.10

2.3 AANEX

AR SCAE FE 4 BEAS IR B 7 2 [0 0 ST 25 4 DR 7 0 J 240 4 SR S R R 20— AL 1 5 H IR 25 10
SRl b IBUR 2L A AU AT R 2 BT R 20 AR K IR 5 S R G 27 NSRRI E i 3
TS5 % 7 ARG A BT X, o i 0 4 SR LA Ao ol {5

(1) JZWAHr:

JEU ST L VA B DR 2 B 20 RS 7 3 TR 45 8 % AT M a0 52 1 T A
22 ] R DR 8 5 0 A O T P A

Yaahp {2 — 2 UM AL A S 3 0 . Yaahp 80 2E 4R VR 2o B o 340 6 I 16 0
A Wi — T LG AR 2, — R USRI U A R AT R e (0/5) ~ e (8/5) hRIE gk 1~
9 FRE.

A SCAE Delphi BEAHEA 1454 Yaahp BB TACE T, A5 T8 - 1) R Yaahp 0422 402 0 25
FgRR;2) BT Delphi ¥, 5% 1~9 SEGARIEVERTHEARIEDT W LA , 4 1 IR I 3 3) — Btk 3 28 iR
AT 54) T

(2) Wik

R A 0 A T 2 ) PR 45 8 9 5P B F AU R F) /N , — T 75, 5P 3 , T % SR o
T RO T B, A i B RSB IT

1) Fg 3 TSR B , ARG AT n DREAR | m AR 8 HE 5

2) 4 TR B0 — AR AL B, A5 30— LI A LB R = (X)) nm

3) AR E X, AR &b, B

1 n
H, z_m[;ﬂj'lnﬁj] (1)

Kb, fy =/ Y A S MO, A f - Inf, = 0.
iz

4) PR 5O S8 R AR AR .

1-H,
w, = (2)

m — ;Hi
A, 0<sw <1,Yw =1
i=1



ENR AL T E G ETABKER—ZF— AL 25485 AREN EIAN 923

(3) 41 A AU Pe il E T AR

HZ AT S B AL ¢, 100 FWALEE , AL TS B RLE w, 0 N WAL 4% ¢, Fl w, BEATEAE
ity FEFHR A AR, 10 0. i 0, = aC, + buw, ,a i b 4> B Fe7% 5 WA TR 0 2 WA T B4 b o B
JEEO0<a<1,0<b<1Ha+b=1 TRk L TEGEE S SRS R TER  IFRE i 320
{8, FEAE R S BRAF BL , DRI, 76 R P A AT e A T it W5 S5 AN T A IR - B K — s | LA
A (AT /N — 2627 RS a 1 b BUE AN 319 0.6 F10.4. [, BRI AR E A HEAKAQ, = 0.6C, +0.4w,, %
TEFR AR N 4 FiR.

4 AR R A
Tab.4 Final weight value of each indicator
I, I I I I I, I I I,
0.0380 0.0565 0.0259 0.0305 0.0555 0.0392 0.0364 0.0389 0.0543
IIO II] IIZ I]3 II4 I]S Ilﬁ I]7 118
0.0285 0.0277 0.0232 0.0194 0.0342 0.0296 0.0222 0.0300 0.0323
Lo Ly Iy Iy L Iy L L Iy
0.0461 0.0396 0.0310 0.0421 0.0463 0.0229 0.0318 0.0360 0.0819
2.4 BEHAERE
LR G PFH R EL, 1D
f0) = e x,
i=1
gy) = Y By (3)
i=1
k
h(z) = 2'}’, tZ
=1

At f(x) (y) (=) SIS T REEMLG AR 10 B, vy, A4 T RGA AR ALE 1, 3, 2, 4
SR A H bR i T A 401

ARG B 3 AT RGE SRR 0% ST RS R R SR AR, 1

f(x) - g(y) ~h(z)
¢= {[ﬂx) ~¢(y) -h<z>]3} (4)
3

Ao, COHRAIE,0 < € < 1. % C AT 0~0.3 MK TASA BB 40 T 0.3~0.5 il B, 4k T 0.5~0.8
WESE WL T 0.8~ 1.0 M5k FHE A BB

HEARAK YU — £ 05— 45 R GABA BEBOR T LV RS R 2 D D A SCUAA K VEU T 3 5%
G T RGAVES T REFMEEE, W a = 6 = y = 1/3, HKVEH— 20— LS RAE AR T 1.

D=.,/C-T (5)
T=oa-f(x) +B-g(y) +vy-h(z) (6)

U, CORRBAEE, D WRRA UMEEE, T WHRA DA R AT I0 5 405 50, a Buy 4H 30 h 4 T RGN
A

e TN I, P P25 VU RE BRI 2, 2 W A 100, 2 5 7 /K W UG A5 R
B A SCAES 2 R S SR T K VU 260 S 8 2 25 B e BLR 1 S 1, 45 4 T A2
B XA D R S AR R 4, 13 5 R
2.5 ARIMA-GM A& &8

GM A7) ARTMA 485760 2 22 it g 300 K80 ) it ARTMA-GM 21 44 B0 S — b3 i %4 GM K780
ARIMA 780481 45 5 S PRSI S 20 2 TR 5 R TS 28 | sy 7 LA SR S5 0 Lt



924 J. Lake Sci.(#:aF3) ,2022,34(3)

FEUNT PR«
1) HMRA R O 48 BERL JEA T AU 3 . AR B ZP RC AL IR 13 2.2 AT, AR A PR,
2) ML AN, THR LSRR LS B 45 5. BAAS nR B «

Y = Zw, © (7)
=1
i, w, 2 GM BERIE ARIMA BEALRGALE , y, S GM BEALER ARIMA BEAMY 4 B 455, Y 2 GM-ARIMA 25
AR R0 TR 45

# 5 A PR R RSB RIBRER] Sy

Tab.5 Coupling and coordinated development type and standard division

D (0.9~1] (0.8~0.97(0.7~0.87(0.6~0.7] (0.5~0.6] (0.4~0.57 (0.3~0.4] (0.2~0.3] (0.1~0.2] (0~0.1]

P P Rir P % i Wil LS I JEH Wz
FeHy P Wi P W3 i S K ] S K S

3 AR SIEM

3.1 FRE ST

SE 3 X R A TR 9 A TR IR TS R AR IURIE S HAREXT T, & 25
FRIUIRAE 5 E AR A 22 BE . K BEIR I A1 GDP /N 55 — 77l 485 My s T F2E 20 PRSCR R b 3 2 1
LT R E K R IR RS RS A R R A S R K.

B T R R % R TT R 48 BT U UK PR UR 25 5 TR P TS AE AL Z. 2019 4F 9 AT AR R IR & |
T H A A SRS K RS F AR B FESE SR AR 1 TR, A 1a AT LA HY,2019 4, ] B9 48 BT N 9
AT AR K PR R = e T A, BIAGA B B ARE, S I8 T 4 K S . oA R T N 8K P U
B, o 61.05 m®/ A, S R RN T4 Ay 397 D4k T, i 80 2 o TRl | N T 5 K, /K WL B A X 4 0
P 1b AT LI VTR A e Tl KA, Tl il p 48 20 5 &k R ) R 45, 2019 A 0] g 45 0T sk 9 ATl —
PR LB F EHARE. B Lo 7T LU Y, W 9 ST AE S B KR A FF 3T 8 BT B 2 dif =17
Wi A A AR, 435100 9.12% .9.23% ,8.70% ,7.30% , HoAxTii 4355 H bR(H.

—HINTT —IF ST LT ST — BT
— BT — =l — PRI —4EfET HARE

(a) ABK W aE (b) —7" A (c) AZSIRI AR
12019 45 9 Al AR IR (a) 7= il (b) AIAESIREEHACK (¢) 5 BARMERXT
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and ecological environment water use rates (c¢) in 9 cities in 2019 with target values
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Tab.6 Evaluation results of water resources-economy-ecology multi-indices
of the Yellow River Basin in Henan Province
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Tab.7 Changes in the coordinated development of water resources-economy-ecosystem coupling
under the next four scenarios in the Yellow River Basin of Henan Province
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Fig.8 Changes in the coordination degree of water resources-economy-ecosystem coupling
in the Yellow River Basin of Henan Province from 2021 to 2025
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