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Comprehensive evaluation of urban water security
in the Lower Liao River Plain based on projection pursuit method
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Abstract: The evaluation index system of water security was developed using the A nalytic H ierarchy Process (AHP) method. On the

basis, a water security model was established using the projection pursuit method, and applied to perform the comprehensive evaluation

of water security in the Low er Liao River Plain on the regional scale. The results showed that water security is safe in Fushun and L1

aoyang, relatively safe in Shenyang and Anshan, and unsafe in Jinzhou, Yingkou, Tieling, and Panjin. The water security evaluation mod

el based on projection pursuit method is applicable and can be applied to assess regional w ater security.

Key words: w ater security; comprehensive evaluation; index system; A nalytic H ierarchy Process; projection pursuit method; Low-

er Liao River
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Tab.1 Weights of water security evaluation index es
PR AR W
UNEEJiy 0.035
LU 0.031
N KBEER A 0.012
)ﬁ AT TG K AR FE 0. 020
% MK 255 R IR KL 0.010
g PR RS 0. 005
W TAEAKIE AR H % 0. 003
R 0. 007
NF4 7K B8 5 0.121
(SR X ARV 78/ i 0.175
B kmim 0.175
;; PR o R 0.071
48 FeALTREL 0.043
KL R 0.025
i ABEIGDP 0. 090
& KRR GDP L) 0.084
f; LT K & GDP LA 0.043
T FE4 K GDP L H 0.022
R HREE A GDP LLH 0.016
H TR 0.010
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Tab.2 Judgment of water security level
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Tab.3  Index system and classification criterion of water security evaluation
S — — L —
N( %42) 0(#R2%4) 0 (A 4r) 0 (L4 0 (Azd)
NI K B Y54 m3 <10 10~ 25 25~ 40 40~ 60 > 60
AR TR /K PR/ ()T m3 * km2) > 300 300~ 150 150~ 75 75~ 30 <30
JKIR TR AR (% ) > 20 20~ 15 15~ 10 10~ 5 <5
ARTE W2 (%) > 30 30~ 20 20~ 15 15~ 10 <10
N E (N km'2) < 100 100~ 200 200~ 350 350~ 500 > 500
ZEF R BE (TG km2) > 600 600~ 400 400~ 300 300~ 100 < 100
A¥J GDP/ Tt > 12 12~ 8 & 5 5~ 2 <2
JKR TRE# B85 GDP LAl %) > 1.0 1.0~ 0.8 0.8~ 0.5 0.5~ 0.2 <02
TKBEIEFN I (%) <10 10~ 25 25~ 40 40~ 60 > 60
ARG TG K AL B (%) > 80 80~ 60 60~ 40 40~ 20 <20
BEEF B K A7 GDP HLl (% ) <1 1~ 25 2.5~ 4 4~ 5.5 >55
T4 % GDP LB %) <1 1~ 25 2.5~ 4 4~ 5.5 >55
4
Tab.4 Water security evaluation levels and calculated values of water security levels
TT?ZI: Ik ;ﬁmﬁﬁ%}; AW PR ADE b A /jggf KBRS PR T 7K‘iz:4§ T
VHT SR “ﬁvﬁi/fh (AR r;z/(_)\ IO GDP Ty RIIA JKIEH & GDP R GDP i@“é&fr%’ sty
b m?e km'?) (%) (%) *km?) Jie km?) /TG WAl %) (%) (%) WHl(%) LLEl(%) B y;

1 8.33 413.66  21.38 33.50 17.06 773.74 15.34 1.08  8.15 99.60 0.96 0.9 0. 80 N
2 9.15 411.47  23.40 31.97 79.63 616.89 12.40 1.32  9.06 88.78 0.55 0. 89 0. 87 N
;ﬁ 3 2.14 358.83  23.28 32.51 31.81 679.96 19.22 1.37  1.27 82.22 0.52 0.33 1.06 N

4 9.22 398.32  20.81 36.16 53.32 651.97 19.56 1.32  9.13 85.16 0.23 0.70 1.18 N

5 6.69 325.68  20.60 34.73 17.40 760.01 15.93 1.23  6.32 88.17 0.49 0.20 1.19 N

6 11.46 255.91  17.49 23.52 160.20 486.28 9.96  0.91 11.46 71.90 1.94 1.05 1.27 N
7 1418 154.77  19.80 28.31 126.30 582.13 9.35 0.86 14.18 65.24 2.02 2.12 2.09 0
%{8 18.20 191.54  16.70 25.85 165.41 436.37 11.60 0.95 18.20 72.06 1.59 1.75 1.78 0

9 24.3% 156.93  17.93 25.50 168.92 452.76 9.48  0.84 24.36 74.22 1.55 .72 1.76 0

10 24.47 164.57  16.12 29.17 174.82 429.11 8.44  0.94  24.47 64.43  2.48 2.3 2.28 0

11 27.3 136.76  13.76 16.43 267.58 313.61 7.34  0.56 27.36 42.35 2.56 3.41 3.18 0
12 39.5% 127.11  11.28 18.79 212.57 386.93 6.17  0.61  39.56 45.93 3.83 3.4 3.19 0
2&13 39. 36 98.78  12.53 18.77 234.35 357.97 5.73  0.69  39.36 46.38 3.87 3.79 3.46 0

14 32.28 146.27  13.50 16.90 337.00 354.99 6.21  0.73  32.28 48.48  3.69 3.7 3.41 0

15 37.00 77.58  14.45 17.84 222.86 314.50 5.29 0.52 37.00 50.16  2.65 3.37 3. 14 0

16 42.8 49.74 9.80 10.38 473.87 270.61 2.40  0.48  42.84 21.71 4.39 4.27 3.79 0
17 48.4 47.17 7.74 10.27 430.75 224.41 4.83  0.43  48.44 25.25 4.50 4.36 3.85 0
2&18 58.31 64. 45 5.69 12.65 499.42 170.19 4.87  0.35 58.32 36.02 5.02 5.3 4.33 0

19 55.8 65.78 5.75 13.90 361.73 202.65 3.73  0.33  55.84 20.58  4.20 4.04 3. 64 0

20 59.19 38. 41 6.29 14.67 416.40 180.36 2.18  0.33  59.19 38.58 5.08 4.7 4.06 0

21 82.23 14. 69 420 1.30 521.33 852 0.09 0.06 73.12 14.61 5.66 5.75 4.48 0
22 6.8 13.37 1.27 569 692.38 2475 0.71 0.10 60.71 9.77  6.48 6.97 4.76 0
;23 93.97 19.39 4.07 4.69 500.93 13.21 1.64 0.10 76.98 11.57 6.24 6. 57 4.69 0

24 97.% 21.28 1,22 0.12 654.98 19.21 0.03 0.16 78.68 4.75  6.67 6.25 4.62 0

25 87.15 22. 64 4.65 3.37 663.46 24.76 0.47 0.16 73.58 9.18  6.57 6.2l 4. 61 0
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Tab.5 Water security evaluation levels of major cities in the Lower Liao River Plain
5w H il
LB il HLIit B B b | By ik
NI K B Y5 m 3 196 604 1432 256 295 456 504 225
AL TR B/ ()7 m® + km™) 11 23 28 8 13 18 12 9
FRIRTH AR ( %) 1 0.6 4 12 2 5 6 49
AR 5% %) 24 52 64 21 46 35 33 8
NEERE (N kni2) 2076 2532 2148 2239 5280 1242 2220 2 606
}j;f VLN (JII6 km2) 2 980 1739 4 866 5 625 10 753 9 861 3120 2014
hﬂb_ A GDP/ Tt 73 68 52 36 50 49 29 80
KR TREEZHE GDP (%) 0.02 0.01 0.05 0.07 0.09 0.1 0.02 0.19
IR IEFI I 2% ) 60 50 40 45 55 52 53 45
ALV K A (%) 85.20 71.22 67.79 66. 53 64. 04 93. 40 89. 87 100
HEEE L GDP HEf( %) 0.4 0.6 0.9 0.3 0.02 1.4 0.01 0.5
FEH K E GDP LB %) 0.07 0.04 0.01 0.3 0.2 0.02 0.5 0.3
KA AL y | 2.382 1.526  0.875 4.979  4.776 1. 064 5. 000 4.979
TR 0 % 0 % N % 0% 0 % N4 0 % 0 %
TN IR AR R, B 7K 2S8R T B 1
THECRERE B, JE@H T8 25X K 2 AR AT LU T
(3) RHZW A Hid: 58 B B 256 10 7 VR
TR TS X T K 2 A AT S8 A TN, 4R R
ORI L BA 7K 22 42 4 T 22 RS, T B S 80 i T e 4
BIRAS, B S8 O V0 RO S5 T 4 T AN 2 A IRAS o
1 (References) :
Fig. 1 Scatter plot of calculated projection value

and evaluation level value of each sam ple
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