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Assessment of water environmental security in Zhejiang Province based on
PSR model and policy of co-governance of fiver water categories

HE Yuefeng, SHEN Haiping, FENG Xiaofei, CHEN Jia, LU Yingying
( Environmental Science Research and Design Institute of Zhejiang Province, Hangzhou 310007, China)

Abstract: Based on the pressure-state-response ( PSR) model and the policy of co-governance of five water
categories, we constructed an evaluation index system and used the analytic hierarchy process ( AHP) method to
examine and assess the water environmental security in Zhejiang Province. In the PSR evaluation index system, the
water pollution control index has the largest weight, and the indices of discharge loads of the major pollutants, the
proportion of GDP of high water-consuming industries, and the rate of industrial wastewater discharge standards
have relatively large weights, indicating that the typical industrial economic activities are the threats to the water
environmental security. The response index increases to the largest extent, and the pressure and state indices show
stable fluctuations. These are favorable results from positive measures taken by the related government departments
with the development of the industrial economy. With the rapid development of the economy, reducing the
discharge loads of the major pollutants, reducing the proportion of GDP of high water-consuming industries,
improving the rate of industrial wastewater discharge standards, and increasing investment in environmental
protection are key factors in the improvement of water environmental security. It is suggested that, with the co-
governance of five water categories, we should speed up the adjustment and upgrade of industrial structure, reduce
industrial water consumption, increase investment in environmental protection, improve the water environment, and
ensure water supply capability, in order to promote the healthy development of the water environment system for
Zhejiang Province.

Key words: PSR model; water environmental security; co-governance of five water categories; AHP; Zhejiang
Province
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dhEr A RGeEZ R NS 0.0000 0.8954  0.8544  0.8558  0.7073  0.8980  0.9618  0.7275  0.7622 1.0000
A RRETHEAFHAL 0.4231  0.8573  0.9691  0.9724  0.9227  0.9836  0.8524  0.6408  0.0000 1.0000
IR K R 0.0000 0.3750  0.6000  0.7500  0.8875 0.8625  0.9250  0.9750  0.9125 1.0000
AT H oK B 0.0000  0.1818  0.4126  0.7133  0.8147  0.8462  0.8601 0.9301 0.9650 1.0000
WHRAOKFEH KR AARE  0.0000  0.5189  0.5708  0.7264  0.6651 1.0000  0.9151 0.9292  0.9009 0.9811
NBIK B 5 0.4454  0.2719  0.2464  0.1842  0.2877  0.1439  0.0000 1.0000  0.2559 0.6657
IRGERIF K ) I S 0.6119  0.4708  0.4293  0.3132  0.4529  0.9751 0.0000 1.0000  0.3951 0.7174
IR 75 7K A 2R 0.0000 0.0715  0.3500  0.5155 0.6401 0.7673  0.8448  0.9242  0.9506 1.0000
Tl KB hRHECR 1.0000  0.0275  0.0000  0.4489  0.8703  0.9583  0.6354  0.3513  0.5502 0.7112
R KA R 0.0000  0.1951  0.5146  0.5836  0.5902  0.6721  0.8361  0.9180  1.0000 0.5410
%ﬁw%fﬁﬂ&ﬁé‘%ﬁ 0.2680  0.1484  0.1754  1.0000  0.1223  0.3013  0.0000 0.1128  0.1622 0.3481
& GDP
KA B K 0.0000  0.1274  0.1734  0.4868  0.6002  0.9409  0.5859 1.0000  0.5284 0.7062
Hek & E K 0.0000  0.1479  0.1959  0.2785  0.3315  0.4398  0.5381  0.6335  0.8441 1.0000
[EREATTEEA 0.0000  0.0654  0.1529  0.1733  0.1844  1.0000  0.2623  0.3058  0.4532 0.1690
PR ETE K 0.0000  0.0364  0.2397  0.3530  0.4361 0.5605  0.6704  0.8043  0.9497 1.0000
Pk TR GBS 0.0552  0.0000  0.0427  0.0245  0.0854  0.0521 0.0882  0.1513  0.1844 1.0000
Tolb 42 kR 0.0000  0.3523  0.8477  0.8206 0.7665 0.6582  0.8579  0.9729  0.9289 1.0000
5 7K FA KR 3 0.0000  0.5415 0.0447 0.5383  0.5291  0.7312  0.6139  0.5813  0.9447 1.0000
57K T I T 0.0269  0.2098  0.3628  0.4293  0.6000  0.6748  0.7693  1.0000  0.0000 0.8189
7K a3 0 0.0000  0.0466  0.1006  0.1227  0.1854  0.1731  0.2792  0.4799  0.6825 1.0000

- 107 -



1.4 ZEITEMEHHHE
IR P IR 1R 80T 5 2R A A%
TARARIBCRATIR ", [, 2% T RS
F I E SR PG IR ) RN B IR S
Tk KK R AR B 4 5 A
IR L A RARE I 4
F4 KREREERIE

KBTI 0~0.2 0.2~0.4 0.4~0.6 0.6~0.8 0.8 ~1

IKIREE % AR I II 1 I\ \

. " W BRA Ge
2 HRELWH

2.1 IBHRREST

FWL b VENZE  Fe T RS e i, = A Y
Ftoh0.3331 :0.1666 : 0.5003, 3% $i B, PSR A& &l
Hh R e SR X K R A A B o VR 55
e, R K IR R T, B e R, #8802 iR
15 KAREL, Bk HEE K FR L, IR H K5, 115 K
TR H A E A L 0.5608  0.0474 : 0.1079 :
0.2839, 375 /KA BT  FL E ok, X AF & W
BIRTTKIEAT BOR , R 53 5 R i 15 7K 48 0> 91
VKA ES PR IS E> B K HEBS K F8 5L

FERJIZ T X0 4 MR bR 2 ThARGE &R
B Ry . 25 Y W HE L B a7 (0. 3750) |
JK 5% EFRE (0. 3498) (4IRS (0. 4835) FI
FUBLLL S FE KA T b A 7 EVE T HE (0. 5384) , i ]
LA KRG 24 501 2 RAR T K FZE AR
& H A2 35 39 0 v S HE R, 05 me 0TS 7K
() FZL A B TR L b R K B AT F o L R
58R o

TR Z X0 4 MBI bR 2 THACGE R
B KR Ry #b K T~ T 28 7K 5 W i L )
(0.409 1) Bt¥; & 59CH HE L P12 (0.5833) |
K AR 7K BT 35 FR % (0. 562 5) FILA I 7K B U5
(0.6154) , FW], $& & MK B 5 5T & 78 Y Hir
AR KT A A, [FAf e, 2
b PR A B S W VLA AN BAK R SRR, AT K
TEEIE T , AR A K IR bR PR K A T AR

FEM R JZ XN 4 SRR bR R TP RGE R
B 0 FRBE TS e VA B R A4 5 GDP L
(0.3750) HF/KEIHEKSE(0.4545) Mok TREER
FEE (0.5999) F Tl #4 HIZK%(0.3913) , AT UL,
FEFRR KR T A SN K% S e A AR
SEH SRR HRRE R I XIA 15 K B P HERT AR K
A AR i 17 [ i B2 5 Tl o AR FH K R SR e i

- 108 -

TR A 2284
2.2 EA RS MEIEHS T

FIH AHP 8 A ShafE s , 1545 21
PSR AT v s 7 4R 2 V7 14 4% 1 48 BUZ AT
T,

LOr o A%
09w RA&TS
: D) VE R

0 2005 2006 2007 2008 2009 T2010 2011 2012 2013 2014
tEf
E1 2005—2014 F£iHIAKRERE
E AR A ST E R

ML AT LR W 48 E0k s/, 2010 48
ZHIA ST TR A, 2010 AEIA R TR ORME, 2
Ja A FARRETE— R K, R R ARtk
FHZ VG Y HE L T K % R A A K A
SRR LA R AR KA T AR 7 i F S R AR
e , 40 =235 B -HE s G far AR L b s K ATl
A7 BB L E PR AR 10 AERRORFFZE— MR
JE [ X 8] 7K P2 RE 48 B 2010 4R 2Z FirA — 4>
AN AR, BAAE GDP R K HE ik i A A GDP
FHAKEAEIT 10 4F#0A B S A0 T %, X &R R B T W
AR KGRI 10 1A T4

ARSHEECH — & 13N, 7E 2006 AR 3 T ffik
M Z A B By 2B TR, RSB
AL R A PR T ~ 25K i e ), it
Ui 6 B RFE BT R AOK I H K BT A bR
FMABPR IR ESFE R, MK T ~ W2E7K 5l
A1 EL A5 48 BR 7E 2006 4F B ) T AR 42.00% , H
2005 HFFEAE T 35.29% , EL# 2012 4E 2 J5 APk 2 5]
ZHIRAKE- . BEEE 6 5K HIEZ TR ALK
BEIR PR 32 S0 5 R R S M K, WARAS 4
B A — T AR AR IR K 5
IRPRFAEIT 10 RO FFTERE KT | X SE R
VLA K GRS RS 5 B IR IR FH

M JO7 48 450 00 e B T I S B T e R g, LR
FE 2014 AF B RS RS g B X AT G 2014 4F
VERWIVTA « FoK IR WP R AR B & X,
M) 10 8 801K 33X — AR Al St T VT4 K B8 22 4 L
Y AE R S, 0T A R AR B8 IR A58 B,
PR L R R EH ., 45i8% 1
e N JZ AR PR SR B, BREE TG Y ih B BE SR



GDP Fu i (IR TRE 48 08 41 13 R4 7K i it 43¢ ¢ 21 138
FEC A WA BRI N, Forh 2014 453 Jin i
JERR X R TR IR IR A,
BB N WETT AR Tl R KGR AR HE TR A i 3
KT~ MK 5 W T L A5 S 48 A A 21 EDUL Y 238
2.3 KREREEEIEHST

FIFH AHP 85 WACE Shn ks A5 3
2005—2014 4E[AJHT T4 PSR BRI 1) 7K PR 55 2 42 45
HHRBURAL, WLIE 2 A8 BON N 2 SRR S .

08,
07}
06}
05}

= 04

06877

0.5980 0.59690.5978

02820 5003 | | 05117

r 03774
0.3381

03r 0.2669

02

0.1r

v 2005 I2006I2007 I2008I2009 I2010 I2011 I2012 I2013I 2014I
tEg

2 2005—2014 E£HHTIEKRERE

SEEBTHER

ME 2 ATLAE WA 10 AR R KR 48 4
FRECE VB T SRR ARG SR TUre )
W T WA AR — 7 A T TR FR A
IR, BARARE L KRB % 4 e BRI
“} 2006 £ 0. 266 9, T 2005—2007 4 [7] /K #1155 %
EFEECR AR AL FLEE B 3, 2008 4 2 J5 W) 2 B 3h
TR R, HAE 2014 4E KIS 2 S8 RO BRI
TEEE AR AME 0.6877, NFES ATUE N, I
10 4EH XAE 2005 4F 2006 4F 2007 4E3X 3 4RI
BRI 2 4 5 R 2552008 A1 LSk H 1 2013
KL 2 5 R AE R A UEAR S ROLA Fr bt
% 52014 AEAE FOK IS0 17 3 & T2 15 S8t 1) AR 0
T KA RFERE R BN TEZ2RE,

LEB WA KR R 48 50T LU R IR, Wit
NJEA G RN TG SRR IR AR B R 1A TR
PO, FRIAEARS N3 A2 36 FHK &0 kK B %
FARFEEIE TN, A FH E G FH K B ey B R 222D, i T
M 1) PR e R A5 K P B AR A R B ) e By, 2R
HATRMACTREZS (8], Tolk & R 1 ok A 5E

FEJI) FER R, O 2 RIBURFRT T LS 8
PRAEXT Tl FH K B W B A5 B I W% 4 3508 1 B T
Gy AT, 3% SRR 7 X4 it A A RS T 7K 5% IR T
FE, IFRR A e R R HEIH T ER . RIS, 2014
AR ORISR AT e T IT , 78 4t 2 K 7%
AT X —1 5T, U kR U IR
5 AR IR L M T T RGN, DA R M KK B ek
3 AW A KA % e B S B R E T,
WTE T« KR 17 h BUS B sk, A
AR W VLA K B 2 A AR B, BRI K B8 X
Wr , 7K A RS 2 il 17 4 25 7 DL R O IR B4, Y
HOIRHE I & B AR A B HE Sk 5 YL iR B
AR Hk, I 24 57 B KBRS K PR 4%
8 FFURT I, 32 ALl PR v AT T A s ol o
BEFE 515 YL & J  9diz GDP 384 s K i 7K
IR IKIREE T s e, Wk — 20 e B A TR
TRFNIK D8 X K ISR Jot i, 7 AR FH K 5 A S K
PRBERZR I EnH™= b 25 F IR 4 5 TH %, BRAR Tk,
FH/KTHFE, DALk e IR e

3 Zit5ai

a. WiTT A /KRB % 41 PSR P H5 ik &=,
TRTEK, BtK HEBE K SRR K 4 A e%0h
A J KW IR 15 K6 %2(0. 560 8) | Sl 1 ik
IR IR AT I IERR 244

b. WITA KRBT %4 ) PSR P bRk &,
FBE YRR ey RS LA b R RE K ATl A
SME HE | TPz 7K 3K FRHE R S R B 6 A R A
e, SO T LR A T 28 B Bl K W TR I B
2B

c. WA KIIG Z 25 B IR 2T E e, oK
WE T hf5% . PSR VPRI R T ARAS e 1 45
A G A N IR R €L N DAL (=8 G TN
FEBOU B R PR SRR, SO T3 F Tk &% &
JRAS 5T AH SR R REEB 1A SR O X 5 e iy =
A RAFRCR

d. MRRRKEREE XS | W T4 A7 e BT K 3R
B4, LA ORIEIE T S BEAIL, IRy b 25 46y 18 5% 7
9, AR A FE, IR 5 IR, g KI5
JF PRIEBOKEE T, SEBUK IR R A R T

RS MNIAKRREREERTALER
A 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
BRER I I I | I I I I iI§ v
FIERE  PERE PERES PERES BERES ERES ERE BERS ERE ERS BReRE

(T#% 122 1)
- 109 -



[10] Jr e, B i, 22 HARDREEE Jrik KL M.

dbor. BlaE i iRE:,2011,162-168.

(1] faf . B T8 T B (9 VL A0 3 T 28 5 11 B AL 7K -3

(12]

[13]

W] & U % B, 2008 (8): 59-63. (HE Wei.
Assessment of Jiangsu urban economic internationalization
level based on project pursuit method [ J]. Economic
Management ,2008(8) ; 59-63. (in Chinese) )
BRI, T JE T SR T Y e g A Sk
LI PR A 2 4l ( TRE R R , 2000, 32 (4) ¢ 20-
24. (JIN Juliang, YANG Xiaohua,DING Jing. Real coding
based acceleration genetic algorithm [ J ]. Journal of
Sichuan University ( Engineering Science Edition) ,2000),
32(4) . 20-24. (in Chinese) )

ML U B A5 VLT Ui Fr B 2R AT 1
DX T K A 25 SO PR R R R BTFE L], DU REE
2015,34(6) . 44-51. (CHU Kejian, CHOU Kaifeng, JIA
Yongzhi, et al. Evaluation indicator system of city water
ecological civilization in-reservoir and river network region

in hilly areas of the lower Yangtze River [ J]. Sichuan

[14]

[15]

[16]

Environment,2015,34(6) : 44-51. (in Chinese) )
KR , BEARSC AL TR, 55 BT i S T K AR 2
SCHAPEM [T]. N R B, 2013 (12): 64-67. (LIU
Haijiao, HUANG Jiwen,SHI Yuzhi,et al. Water ecological
civilization evaluation on the typical urban of the lower
Yellow River [ J]. Yellow River,2013 (12): 64-67. (in
Chinese) )
FRFA, EA, IR R 3 B T 5 /K b 181 0
WFE[ 1], FEERF,2012,33 (11) : 3881-3884. (GUO
Yujie, WANG Xuechao,ZHOU Zhenmin. National survey
of urban sewage reuse in China [ J]. Environmental
Science,2012,33(11) : 3881-3884. (in Chinese) )
Zeh, ST 0 A5 B FE B 3 i Bk K A8 R T 5 BER
ST, btk 45,2012 (3) : 14-16. (JIANG Shuai,
WU Xue, LIU Shuming. Leak study on some urban water
supply pipe networks [ J]. Beijing Water,2012 (3); 14-
16. (in Chinese) )

(Weki F 1812016 -06 - 10 Zil . Bk )

(L35 109 )

SE
[ 1] SLIEW  XVHA , g2, S floxt v 57K 22 42 1 Pk

[2

[3

[ 4

[5

LI ], B R A 2 4l (2 Ak 2 B2 i) |, 2008,
40 (2): 11-16. ( SHI Zhengtao, LIU Xinyou, PENG
Haiying. The challenge of water safety to China under the
climatic changes[ J]. Journal of Yunnan Normal University
(Humanities and Social Sciences) ,2008,40(2) :11-16.
(in Chinese) )
] RITHE. RIS A YT B[ ) ] K AR A B
% ,2015,35(1) :54-56. (ZHU Yuansheng. The road of
sustainable development of water resources[ J]. Advances
in Sciences and Technology of Water Resources, 2015,35
(1) :54-56. (in Chinese) )
P K RIS S D). ARIZE%
2014,32(2) :1-3. (LIANG Fuging. Thoughts and counter-

[—"

measures about modernization of Chinese water resources
[J]. Journal of Economics of Water Resources,2014,32
(2) :1-3. (in Chinese) )

] REEA, ELL. BT K B TR ) LS L e
XERWESE )] #T LKA RE S, 2010 (4) : 14, (ZHU
Fajun, WANG Yahong. Sustainable

usage of water

resources in Zhejiang Province: overall idea and strategy

[J]. Zhejiang Hydrotechnics, 2010 (4 ) 14. (in
Chinese) )
] MR Bk, PSR RSB AE BE IR IR B4R S A A3 Hr (]

A£i#1,2006(7) :28-30. (CHEN Jiagiu. Application of PSR
model in resource environmental protection [ J]. Stone,

2006(7) :28-30. (in Chinese) )

- 122 -

[6]

(7]

[8]

(9]

[10]

[11]

RUART 2 AR, 55 35T LUCC iy AR 5 ATl
A A UR PR [ D], K £ PR FRAT 5T, 2012, 19
(4) :125-130. (LIU Yanxu,LI Chunyue ,REN Zhiyuan, et
al. Land eco-sensitivity assessment based on LUCC in
ecological city [ J ]. Research of Soil
Conservation,2012,19(4) :125-130. (in Chinese) )

IR, P, BT PSR BB AT AR T KT & b X
ORI LAV AR A B[] K AR RIESE
2013,20 (6): 197-202. ( YE Zhengwei, SUN Yanli.

and Water

Assessment on water environment security in the coastal
development region in Jiangsu based on PSR model [ J].
Research of Soil and Water Conservation,2013,20(6) :
197-202. (in Chinese) )
MASKREY A. Disaster mitigation; a community based
approach[ M ]. Oxford: Oxfam,1989.
FEIIT A R, 22 4. T 21 6 IR (4 ey 7 1 T A
MRS R AV [ T]. K RIS, 2012,19(6) 1 184-
187. ( CUI Mingzhe, YANG Fenghai, LI Jia. Analysis of
cultivated land ecological security assessment of Harbin
City based on combination weighting method[ J]. Research
of Soil and Water Conservation,2012,19 (6) :184-187.
(in Chinese) )
L S O T N R & S S R N N I PR O
[T]. BF85 R 2% 2 4R, 2003, 23 (20) : 267-272. ( HAN
Yuping, RUAN Benqing. Research on evaluationindex
system of water safety[ J]. Acta Scientiae Circumstantiae,
2003,23(20) :267-272. (in Chinese) )
REEE, T, A, 5 [ R L AT A
[M]. dbat . E R Rl H AL, 2006.

(R A 912016 -03 - 16 Sk Bk )



