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Tab. 1  Preliminary selection index system of water resources security degree evaluation in Hebei Province
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Tab. 3 Grading standard of water resources security degree evaluation index
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Tab. 4 The weight of each evaluation index of water resources security degree
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C, A¥IGDP 0.106 0.086 0.097
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#HEF H =L (10) ~ (15) 3B Al 45, K7E (0, 0.388].
(0.388, 0.504]. ( 0.504, 0.650]. ( 0.650, 0.824].
(0.824, 11 JE BN HIARE VR (AR . VR (IK) .
Mgz (), MHEE) . 19,

AFE 5 AL, b4 2001—2020 4E R4k IR
PR BEIR 0 © DB AT 5 1) 5 IR A8 . 2001—2007
AR KGR PR B R SR A V G, T R 2 I
5 2008—2010 4 7K B8 PR i i 2 R B IV 4, 1
A G A8 K BT JEOR 0 A5 31 T 304 0% 5 2011—2012
AR IR BT PR AR B SR Gk B T, 2013 47K B TR AR i
FESFGAL T IV G 2014 AFAR I R 7K AL rh £ 1E 2
AR, A A8 TE K RMEE AT K B AL AR £ Ty
JE& T TAE, DI 7K B8 PROR 50 ) 3% A 7K S 52 801 A
A, KBTI OR B BEAR DB W i o
3.3 &F AGARST MBI B AT

iz FHAR TRV, E— 25 Xk ynr Jb 48 7K 9% U PR i g
& F RG AT 40T, THEARE] 2001—2020 4F 45 F
RGART MG, 25 R UL 1.

MIE T AL H: K5 11 (D) &R 58, HK3)
T35 25 GE HRH R 0 30 32 R A B B b T A
A GDP X HZ M K, 1l GDP 4R34 R IKZ, 3~
T AR R 048 28 0 R JRAKP AW i i, K BE UL RY
A 00 ARV R AR AN T SR A& SR, T LR G i R 4
FIAE LK BER, MTTSK B0 77 5 2R G0 A PR B IR 2 12
Wz, QEN(P)TRE. KT REMH
X T R AR S B TR M K o
7, TAE A 8977 I8 GDP /K BB AR 80/, 31X S ke i
M 28 5 R 5K SRR R Z [ 7 JE A 3 T
A RS X AR T AL FE LA K BT IR A B
WEE AR A W IR A7 i 048 o K 2803 07 Tl A 1 R4
AR . SRR f 5K COD 410 “+ =" M
RN FAEFERR, Xob A B8 HE JCER: K B0 32 21 B
T B P R A A T o T K R 8 A O M
(BSEECE7/ERE: 16 L € T T 31D S NTURE=h -
A3 I R GUA BB A IR EOR S . ORE(S)
T ARG RS T F G BRI T RE AR A P B AR,
E AR L T e 257K, 3k BB 48 Y K B J0IR B0
FAAE—E AR EE . BB Y 32 28 R 2 2
AR R KR, A N E Kt R B AT BT o, oK g
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TRBER A3 T8 o HR, X /e e T b4 7K ¢
%) & ) R R BE 7 > A I AT, DAl fid B
YR 28 385 B A 7K U5 e e R ER B [ fE . (52 (1)
FRG . 0T 2 G0 AR T I T B 3 A 52 80 0k 3
TR, XU B AT A BUR TR IR AR ARG B
D7 TH SR BT — e B A e . b, ARG 35 R0
ST R GE 5 B R o T A6 48 ORI A A A
AHIC IR 8, I KOK L3 R A 3T B, B
ERRME IR R YRR B T A, AR 26 56 B 3 o,
AR T AU AN JE T KGR, K B AR 3 T
WEUEE ., @A (R)F RS, W F RS X
WS P 5 BB AL b TR A, X d BT b4 R £
XF 7K GEIR AR B R g [a] R T — R A R R it
Horp, SCtipg KA T2 518 A SANE TS &
KTREBATE T B s - K (4% Jg, 3 48 T A X
T A B K IR e ) T B AR
o #Z 2020 44K, WALA 518 517K &R H]
S1.014Z m’, A 2 o 4 i 7 Hb R 7K 1 48 SR ) 8,
3.4 [FEAFE 5

HR A B AR B A ALY, X PEM 8 bR 0B 4T 48 A5
B A5 E AT, RS2 2001—2020 4E LA
KGR AR o () 2 BE R R 7, AR SCH H HEA HiT S
HIFENR, S5 3 L% 6.

x5 ML EKFRREEITNER

Tab. 5 Evaluation results of water resources security degree in Hebei

Province
S 7 7 AT FE K &9
2001 0.256 0.071 0217 \
2002 0.264 0.056 0.176 \
2003 0.246 0.085 0.258 \
2004 0.246 0.096 0.280 \
2005 0.240 0.098 0.290 \
2006 0.248 0.081 0.247 \
2007 0.240 0.092 0.277 \
2008 0.203 0.130 0.390 v
2009 0.185 0.132 0.417 \%
2010 0.191 0.140 0.422 I\
2011 0.153 0.163 0.516 i
2012 0.167 0.179 0.517 m
2013 0.179 0.167 0.482 I\
2014 0.177 0.160 0.474 I\
2015 0.160 0.180 0.529 m
2016 0.129 0.222 0.633 U]
2017 0.120 0.216 0.642 mm
2018 0.083 0.232 0.737 1
2019 0.112 0.231 0.674 I
2020 0.091 0.265 0.745 I

1.0 - —= K2hJ1(D) ~o- FEII(P) —a RZR(S) v M) o MIKI(R)
°
A / \

NS
L N N’ N \)
DA A

1 2001—2020 SR L HK FRREE & F RS HESMEE

Fig. 1 The relative closeness of each subsystem of water resources security degree in Hebei Province from 2001 to 2020
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i A M G JTo0 GDP K&, X R ZE R m R PR TR,

FT 6 2001—2020 FEALHKFRREE T EERE T RERE

Tab. 6 The main obstacle factors and obstacle degree of water resources security degree in Hebei Province from 2001 to 2020

) HFHE?
Ay WiH
NO.1 NO.2 NO.3 NO.4 NO.5 NO.6

[EREGSES C,, Cs C, C Cy Cy,
2001

R /% 16.004 15.304 15.189 11.822 6.946 6.510

R A Cy G C, C Cys Cy
2002 N

R /% 15.277 14.913 13.246 11.108 8.183 6.405

RIS Cy C, C Cs G Cy
2003 o

R /% 17.354 17.086 12.254 11.992 8.524 7.360

R R G Co e} Cs C, Cy,
2004

BT /% 18.618 17.732 11.947 10.180 9.508 8.085

=SS G, Cy C Cs Cs Cy
2005 -

P13 /% 19.796 18.174 11.698 11.018 8.435 7.607

itk R G Cy Cy, e} C; C
2006 -

R BE /%0 16.888 16.071 10.514 10.351 10.035 7.760

Fﬁﬁ%w ? sz C9 CI 1 CS C' C”
2007 N

R /% 16.769 16.110 11.547 10.151 9.879 7.495

R ESE Cy G Ch G Cy Cs
2008 N

W1 FE /% 19.612 15.179 14.628 11.357 9.479 8.845

R R Gy C, G C Cs Cy
2009 N

RREATEE /% 17.719 15.152 14.463 11.143 9.000 7.751

= PS S C,, Cu C, C; C Ciy
2010 "

AR % 20.407 14.522 13.912 12.503 9.897 8.498

RS Cy G C; e C, C,,
2011 N

R /% 18.609 15.517 14.112 10.191 9.896 8.864

[EREGSES [ Cy C; C Cy Cy
2012 .

RREATEE /% 28.268 16.505 11.709 9.703 9.548 8.985

[ PSES Cy G Ch, C; C C,
2013

P T/ % 29.010 13.401 8.312 7.957 7.956 7.702

P R T Cy, o C, Cy, Cis C,
2014 )

R /% 23.757 13.352 12.051 7.210 6.965 6.879

Fﬁﬁ%% sz C13 Cq CII CIS Cl
2015

BT /% 27.651 12.351 11.202 9.494 7.670 7.223

[ SES Cy C; C Cy Cy Cho
2016 -

W1 /% 43.274 10.030 9.650 8.638 6.553 5.608

it R Cy Cys Cy, Cys C; C,
2017 -

RREREHBE /%0 27.626 17.451 11.732 11.634 8.162 5.858

[REPSES Cis Cy Cis Cu G Cr
2018 N

R /% 17.078 16.754 11.069 10.472 10.110 10.108
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Tab. 6 (Continued)
] FHEFP
iRy i H
NO.1 NO.2 NO.3 NO.4 NO.5 NO.6

RS Cys Cis Cy C; C, Cy,
2019

FRER BT /% 23328 22338 12.853 9.076 8.464 8.448

R R Cis Ch C, c, C, Cy
2020

PR /% 36.357 27.230 13.462 12.578 7.219 3.153
FRPE 6 br B9 TSR 45 3, R BLHEAR ) N3 k.

GDP, C; GDP iK% | C, ot GDP /K& | G
Tl F kA2 S Co M F KGR TE & %
Cis TIRIK BIAAR R | Cyy W15 KA FEZ | C,, B5T0
ALK (7 EL R RS B TR A T B A, X
T 2K IRE B TR T 4w

0.7
0.6 F

0.5F

BEEREE /%
o
.

e
%)

02}

0.1F

-m- UREf J1(D) o~ HEFI(P) —a- JIRAS(S) —- ML (R)

3.5 AT RGERESH

R4 IO G bR R R ORE RO 4 R, 15N
2001-—2020 47T b 44 7K B IR AR B B 1 F R AL BRI
B 2), 4T R G ARG Ak 48 K5 5O B Y
[CREN R - E il

A
/
/

NN
B A AR R

E 2 2001—2020 FA L EKERRER & T REERE

Fig.2 The obstacle degree of each subsystem of water resources security degree in Hebei Province from 2001 to 2020
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Evaluation on the evolution of water resources security degree in Hebei Province
based on DPSIR-game theory combined weighting TOPSIS model

REN Nanbo, LIU Hongquan, PAN Zenghui, CHAI Chunling,
GAO Huiyan, ZHANG Xiping, CHEN Renqgiang, LIANG Sutao
( College of Urban and Rural Construction, Hebei Agricultural University, Baoding 071001, China )

Abstract: Hebei Province is an important ecological barrier in northern China and an important support for the
coordinated development of Beijing, Tianjin and Hebei. However, its water resources problem was prominent, the
per capita possession was low, the spatial and temporal distribution was uneven, and the contradiction between
supply and demand of water resources was increasing. With the continuous development of social economy, the
intensity and pressure of water resources development and utilization were increasing year by year, and the problem
of water ecological environment was becoming more and more serious. In order to objectively and effectively
evaluate the water resources security degree of Hebei Province, ensure that the natural circulation system of water
resources can meet the natural guarantee function of national or regional development needs without being
destroyed or threatened by people.

Based on the DPSIR model, the evaluation system of water resources security degree was preliminarily
constructed. By collecting relevant data of Hebei Province, the correlation analysis and screening of the primary
evaluation indexes were carried out to determine the evaluation system of water resources security degree. The
TOPSIS model combined with the variation coefficient method and the rank sum ratio method was introduced to
comprehensively evaluate the water resources security degree of Hebei Province from 2001 to 2020, and the
evaluation results were diagnosed with obstacle factors.

The results showed that the relative closeness of water resources security degree in Hebei Province increased
from 0.217 to 0.745 from 2001 to 2020, from extremely low to high, and reached a medium level as a whole. From
2001 to 2007, the level of water resources security degree was grade V. From 2008 to 2010, the level of water
resources security degree reached grade IV.From 2011 to 2012, the level of water resources security reached grade
III.From the end of 2014, the progress has been increasing year by year, which was closely related to the increase of
the proportion of cross-basin water supply in the response subsystem. From the weight calculation results, it was
concluded that the response subsystem was the main subsystem affecting the water resources security degree of
Hebei Province, and the obstacle degree of the proportion index of inter-basin water supply was the highest,
indicating that the proportion of inter-basin water supply was the primary obstacle factor affecting the water
resources security degree.

In order to further improve the situation of water resources security degree in Hebei Province, it was necessary
to optimize the allocation of water resources and alleviate the pressure of water resources. The biological treatment
and physical and chemical treatment technology, are adopted, the process flow, is optimize the economic structure
and industrial structure, are adjusted, and improve labor productivity is improved ; it was necessary to advocate
residents to improve their lifestyles and reduce the use of cleaners and detergents containing chemical substances. At
the same time, it was necessary to improve the efficiency of water resources utilization and promote the circular
economy model. The DPSIR-game theory combined weighting TOPSIS model had good objectivity and
applicability for the evaluation of water resources security evolution, and was of great significance to the
development of economy, society and ecological environment in the region. The research results provided a
reference for the rational development, utilization and management of water resources in Hebei Province in the

future.

Key words: Hebei Province; water resources security degree; DPSIR; combination empowerment; TOPSIS model;

obstacle factor
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