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Abstract: Water resources shortage risk index system based on the “Pressure-State-Response” (PSR) frame-
work is established and applied to assess water resources shortage risk level during 1986-2011 in Beijing city
with the assistance of principal component analysis method. The research shows that Beijing has experienced
a ten-year low flow period with high integrated value of risk since 1999; however, such situation became al-
leviative since 2008. Utilization ratio of water resources and urban sewage treatment capacity are considered
to be two of 14 indicators which have greater impact on water shortage risk. Even though the water resources
risk in Beijing reduced a little in these recent years, Beijing still faces risks of water shortages in the future as
the population increased. Curb of population growth, rational use of various kinds of water and upgrade of
industrial structure are effective ways to alleviate water shortage risk.
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PRGN C LR BN A BR A 1 l

LI AR R IR A EAE 200 m’, U4 E
ANEI 1710, tHEF AR 1/40, JBEESHKHX. H
A 50 AEAR DK, dbaUT R AR 2 T E K fE AL
1999 FFELISKRELL Z 7, FENEKFLE 500 mm B
o AU K B Y R O O R A ) 204 2 AN
FFRBIMEERZE. iHNOEK., S5 R BRI
AR, XIS K TR SRR RS . b et X R K &4
IS AR E D, DRI T 3 AR
P Z D T PR R, A6 K R T I 7 2
Bro DHIG, BESIRHERIVFMA R, BPPN K B
R KT, X A A IR J A s, Sk A DGk
PEIRRLR S DX R R R SRR S, (e mT RS
RIEEF T EERE .

] A/ D56 K R 5 PPN L B T VR A 4B
PR HPP Fbn il R BT AR BT T A KK B
PWINIINZ, (AR, I AR M
IV TR . LLECH AR MR Hashimoto /£ 1982
SRR KBS 3 MR, 2 BIEN
FIR K B RS R AR bR o B 5 E W] SRR A RE A
AT R, fEMR R MR IEA ESUR R T R e R
LA

[ O T K SR & 2RPPAN TR AR AR R B L4 T
Ethad 90 AR, IKFIERAKFIK B HRIE 5 e 5 —
Uiz FH 7K B2 IR T KR FH 256 VEAN i b Ak 2 o0) 4 1 7K
PR G FIF R FI AT 40 IS, STRREE
(2002)7E [X 387K 9 5 i 348505 7K B 22 A AN Fa
g A, WOKBHEERZ e, thaws ., G es.
A ADYANTTE, JEELT 22 MTER R AR T K
PR 2 VP Fabn ik R UL 8557 45(2003) 7E X 7K 22 42
W& 7e o BRI HERE b, JEEL 5 ANy L 22 FdEhR
Mg T — A A E RS 1 XK 2 2PN IR FE AR
ZR, JERIH S5 AL TR SRR SO 18 77 o0
X 358 7K % Y R SR R O AT VR . B L —
(2010) M4 % T HH/K B UR b 45 ORI e . 7K BE YR DR P ml 52
P KB IER F 2 F07K B R R FH 2528 4 TFE A AL F )
X 38 R 7K B Y R R PP 5 TSR AR R, HFTE i

Copyright © 2013 Hanspub

B X BEAT T SR . kR (2010) G A
ARG R KSR, HT80. AR &R
EREEMEE T 4 ZIRIE 20 MEFR R K BIE R
Ge RS VP HR BR A 2R SR, PP T b T T I
IKER ARG G R IESS(2012) MK B2 1 B %
PRV KBRS 24 KBHRGE DT 4. KRIEAS
GA AN, MET 9 MM E R, Xt
SN T PR B 22 &b AT T AR

S TSN = e VAN 7 AR R 1 =F R
o8& K FH 256 R AR I A2 20 FEHE AR A AT T 1 3
G— IV . X SR bR AR R BRI RIEE T B
R AU RS T, (ARG
B ERE SR, FRFENE BRI E M. 10
H, TEfe R br B ER, 2 R E M e B E R
J71 s QR R I HTE(AHP) 215, AR 2 JEL G £
JEUCEMWT, ABAR AT BE A 3 R 2R i 2

B, A “E77 - RES - m S (PSR)
HEE ZR A A /K B UR A XU VPR FEFR AR R, R 2R 4Y
GBI S AR BCERE, X b 5T 1986~2011 4F
Hat 26 AFRIK B ER RS K AT I H A, IF
BT R TR BRI 14 DEFRIOBERS M, Ht
S K BRI 3R . A SCEE SRR T (b
WS 20120 JIFER (ALK B IEARD .

2. REMMESHE
2.1 VHiiEIRE RAE

“HEF - ARA - WL (PSRNER LR i A
{FHL4YOECD)3 I B TR SPIRILIT 52, JE2E
A R NSNS EL AR BRI ) (Pressure),
SRR A IRECR R A5 (State), LA £ 237 AR
$5526 73 T 10 R S8 A0 5 L 640 5 (Response) {9
—AHRRGIATHIE, BT RS RE
(K3 B LA AT P45 . PSRBT S , BT
B 5% 5 A V0 R 032
G5

PSR 4R B R WK A B R
Ui, BB TG, R AT SRS S
BT EPRUESEA TR A7, I
77K, KGR GR R R, BRI
ARG R 0B AL RA R, MKV

189



2 - F3IMW

R, S T PSRRI 5T K B IR R XURG PF A

BL, BB R BN TR BORANE B B AT
27, —J5 iR KRR, —Jr e w5 /K AL B fE
735 AT K BE P KBS B . WAL, 2% PSR AE
SRR PRAR 15 b M4 2R Bl T DS i 7K B U R R )
FARR B EAE AR R R, A Rt E
FHIRT 5

ISR PSR HESRBRY , A A} 2 A0 5 544 4
JEIT, 2542 AL ST K SRR L RS £, U )
AR IR 3 AN T I8 X RE S V) SIS b 5T T 7K BT
FHURBLIITEAR . TR IR PR R W A408: 1) H
BRJZ UK BRI SRS I A 08 B b 2) HEJZ
AR T KRB PR AR N =N s 3)
THEMN R BARANG . A, R, KEL KL L
FEBOR BEREHE 7 NRARZIE; 4) s/ HTHE
PP B BARAR BRI . BT AN IR b oxed 7K B 5 R
JRUSE R R BE B, RLHRE FiE AR 23 D IE R A
[ PI IE [AIHR bR TG K BEIRAE SRR, S 4R b
] BRAR K B PR AT RS o FLAR T AR K B AR 0 UL
K 1R

2.2. IRFREIEIRAENL
VHBEA B PRI P ENZE T, AR HEZE bR

HEACIE X R R AT AR AL AL B, v H S 50

X =% ﬁp_:)ﬁ_)ﬁj (1)

g g

P =

ij

Reft: % BB MR | AMEGAIES | AMRbR
FIAFAALR OB X, 2R | MR TR
o FRH | MBI . 2 x, N IE b
i RS X SRR, RS
AR GRS SR IR T B

2.3. ERSFITTERT

F R o3 BT A R SR 2 A8 'R 4 R A O LA
AR —M G M i, RN Te iR EERE
R 2 R 5 R 2 AR B AR bR T S LA 2, [RIR
AT Z (8] SORAR MBS (1), e — PR a3 7 vk HL
B AR S ) 2 A ERR, B LA EIERIA
ML E R ARAR IR SRR, MR 2R 1
204 AT LA R 2 AN S AR b i) B ERY

ARCUUACIETIN 26 SEFFUAFEAR, LA T bs
PR EE A B AR R, SR SPSS16.0 it
IITERAF AT B AL B, 75 0 S R A AR AT ) S 1)
Ji ZETTRREE, W IR B TSR A R AN T

Table 1. Evaluation indices system of water resources shortagerisk
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Table 2. Total variance decomposition

R2 BEENR

R FFIER 7 7 SR A Y% R ZTRE %
1 8.731 62.366 62.366
2 2.099 14.994 77.360
3 1.287 9.192 86.552
4 0.940 6.717 93.268
5 0.342 2.442 95.710
6 0.273 1.950 97.660
7 0.151 1.080 98.740
8 0.078 0.558 99.298
9 0.043 0.306 99.604
10 0.025 0.180 99.784
11 0.019 0.136 99.920
12 0.006 0.040 99.960
13 0.004 0.027 99.987
14 0.002 0.013 100
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e 3 s o

M3 FTLAEH, 5B—F o at ERAEHKE
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H(Xp3) S AEAR A 4O E BRI A 8, X e diabn 12
SR T A TE RS KL R HFREE s 88 = Xt
R KRB FEIR BE (Xs)~ 7K BEURAI F 28 (%) A 400 8
BRI AL 8, XL FR bR 2 S 1K BRI OC 2
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BN ERX A BRI AL, B T KB
55 7 K.
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Table 3. Rotated component matrix and component scor e coefficient matrix

R 3 IEERETEEENSETES REER

- Ve Bl 9 AR 2 )
PEEDS S
By Ry F=FHr B RS =R

X -0.955 0.137 -0.064 -0.136 -0.043 0.035 0.072
Xa ~0.871 0.297 ~0.193 ~0.094 0.033 ~0.066 0.053
X3 0.848 -0.179 0.391 0.086 0.022 0.223 0.059
X4 -0.015 0.264 -0.529 0.070 0.101 -0.396 0.072
Xs -0.274 0.908 0.107 0.043 0.373 0.129 0.072
Xs 0.967 -0.168 0.133 0.128 0.033 0.016 0.065
X 0.012 0.959 ~0.163 0.118 0.419 -0.101 0.110
Xs -0.627 0.736 —0.011 -0.023 0.257 0.064 0.044
Xo ~0.719 0.354 ~0.343 ~0.050 0.070 ~0.192 0.045
Xio —0.920 0.166 -0.016 -0.131 -0.025 0.070 0.070
Xii 0.963 -0.03 -0.070 0.160 0.088 -0.136 0.095
X2 0.963 0.010 ~0.190 0.174 0.102 -0.227 0.110
Xis 0.948 -0.185 0.162 0.121 0.024 0.039 0.063
Xis 0.127 0.244 0.841 ~0.024 0.143 0.639 0.072

Table 4. Evaluation of water resources shortagerisk in Beijing during 1986-2011
& 4. JLIRT 1986~2011 Fk FREHR ML ITMN LR

o e KPR TR ] B gEE NSHE HE%
1986 67.37 49.90 80.16 72.18 4
1987 50.38 36.57 68.11 4737 25
1988 4925 41.04 81.67 60.51 12
1989 59.25 69.46 54.48 61.52 10
1990 44.98 45.03 71.09 53.12 19
1991 46.73 40.95 70.53 50.70 21
1992 63.72 65.87 57.01 62.92 8
1993 68.20 70.93 58.88 69.44 7
1994 39.93 64.91 50.52 47.88 24
1995 59.86 60.77 44.52 48.26 23
1996 39.55 44.47 61.27 42.89 26
1997 61.77 71.23 51.61 61.40 11
1998 57.63 60.23 46.80 48.83 22
1999 79.55 76.57 65.66 82.89 1
2000 66.20 70.93 67.67 75.58 3
2001 72.42 65.69 74.18 79.73 2
2002 72.78 62.30 65.01 70.44 6
2003 59.88 59.04 76.05 71.96 5
2004 58.38 59.28 63.40 61.57 9
2005 47.94 4935 66.60 53.55 18
2006 64.06 49.68 64.69 58.56 14
2007 52.79 68.54 49.84 54.74 17
2008 64.31 67.16 42.38 5248 20
2009 70.27 72.85 44.45 60.14 13
2010 72.10 69.20 41.67 56.29 15
2011 70.70 68.06 41.75 55.07 16
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B 7 HER R E R, His/KAFEEETIMN 1986 4Ei)
26 77 m’ B F) 2011 ££18 369 J5 m®, JuHE 2002 4F
ZE K. X EFR B TR WBUR N T &5
“HT7 MRIAELT 2008 AL 5T RIS SRR A,
BOER 73T V5 K AR BRI A e R IR, AT
TR 75 KA (0 B . 2012 4, JbIR /K 25381 13
— PP X V5 KA R RO, IEI AR KT
TR, b/, RN AR TR TR
NIBAT, B =68/ 23 5 mY/H; L@ %EA
PEREAEKT s HEERTE « ANELT TR ARG K b 2
I R TR B o5 K E M 20 kme A
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MACTE I 26 4F 7K B8 AT R XS VP4 45 2Rk

Copyright © 2013 Hanspub

BG4, AN EEEER 2 1999 4. UHER
BV &N 385 mm, AU 2445 & 65.8%.
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NBPKEHFESCA 113.1 77 m®, 1999 FE4EK 5 4
R R K KAAR L BT 2.33 m, PR A i A
e —HF 2004 4, Zia REEMIME R, 7N
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BEUR 25 5 F 7K 75 SR B AN BB 14 AT R 2 At T KO
T P ) R
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K BERAT R AR VE A TR AR 2R, R A R 4 i
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e BR 7 BRI IR T R BRI R R . 45K, b
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#5535 7K Ab BRAE 773X PR TR A5 7K B IR KURS: 1 7 A
BRI, Jb5K SRR 2 R 7k 5 SO
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