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Abstract: Improving efficiency of water resources utilization is the key to alleviate the contradiction between water supply
and demand while achieving sustainable economic and social development. In order to analyze and evaluate the water
consumption efficiency of the provincial capital cities in China, this paper selected five input indicators and six output
indicators from agriculture, industry, life and society based on data envelopment analysis method. Then we used Akaike
Information Criterion ( AIC) for variable selection and constructed a scientific and rational water-use efficiency indicator
system. On this basis, the Shannon Entropy Index is used to enhance the recognition ability of the traditional CCR model ,

and the complete ranking of water resources efficiency in the provincial capitals is given. The results show that (1) the
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comprehensive efficiency scores ( CES) of most cities are not high. Their input-output ratio still has a lot of room for
improvement. (2) The scores of CES in Lasa, Beijing, Tianjin, Yinchuan, Haikou, Shanghai etc. are relatively high,
which indicate that there may be no necessary connection between the level of water use efficiency of a city and the level of
economic development. At the same time, other cities should combine their own conditions to learn from cities with higher
scores in CES. (3) Cities such as Chongqing, Nanning, Nanchang, and Changsha are rich in water resources, but the CES
is not ideal. This shows that a large amount of water resources may be wasted and these cities should optimize their industrial
structures while establishing a water-saving mechanism. In addition, due to the lack of variable selection system in most
literatures and the inadequacy of traditional models in the ability of efficiency identification, this paper innovatively
combined the AIC variable selection method, data envelopment analysis method, and Shannon Entropy Index method. The
combination of the three methods can achieve the advantages and disadvantages of complementarity, not only fully consider a
large number of input and output variables, make the analysis closer to reality, the variable indicator system obtained by the

AIC criterion also perfectly conforms to the meaning of actual water resource utilization efficiency.

Key Words: data envelopment analysis ; water efficiency ;akaike’s information criteria ( AIC) ;shannon entropy index
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Fig.1 Analysis framework of water resource efficiency in provincial capitals
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Table 1 Initial input-output indicator system
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2 AICTERELER
Table 2  AIC variable selection result

AR 204 Variable combination AIC {4 Hi4

W X, X, X, X, X; Y, Y, Y, Y, Y Y In{MLE(P, Q)] AIC value Rank
1 1 1 1 1 1 I 1 10 1 1 34.7481 ~49.4962 I
2 1 1 1 1 1 1 1 1111 35.2424 -48.4848 2
301 1 1 1 1 1 1 10 0 1 32.8088 ~47.6175 3
4 1 1 111 11110 33.3696 ~46.7392 4
501 1 I 1 1 I 1 I 10 1 33.3602 ~46.7203 5
6 1 1 1 1 1 1 1 10 1 0 31.5361 -45.0723 6
71 1 I 1 I 1 1 I 10 0 31.3428 ~44.6856 7
g8 1 1 1 1 1 1 1 10 0 0 29.5919 -43.1837 8
o 1 1 1 1 0o 1 1 1 1 1 1 31.4004 ~42.9802 9
o1 1 1 1 0 1 1 o0 11 30.3380 ~42.6759 10

X, AR KR (100 million cu.m) ; X, : Toll FH/KH (100 million cu.m) ; X, ; 2£ 1 FIZK (100 million cu.m) ; X, : 53 71 (Ten thousand people) ;
Xy : [E5E %7 (100 million yuan) ; Y, - 4& Ak B L E (100 million yuan) ; Y, : Tl &7 {E (100 million yuan) ; Y, : £ TG {5 K& AP AR (%)
Y, : A% GDP (100 million yuan) ; Vs ; 3t J7 W B — i B2 U A (100 million yuan ) 5 Y : & B3 T % (yuan) 5 AIC; 7% 435 2 7 U] ( Akaike
information criterion) , Fl T e TR AU SO0 R P
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Fig.2 Water consumption of provincial capitals
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(<500m*/a) (HFEHR/K (500—1000m’/a) HJE B/K (1000—2000m?/a) 2 BB 7K (2000—3000m’/a) B Ak
7K (>3000m*/a) (HAEEPRA NG BRK F R ) 5513 3,

#3 RE3NNELEHHKARRRRE

Table 3 Water resource utilization efficiency of 31 provincial capitals in China

(=401 CCR &% CCR 4 CES 184> CES #E4 2T RGN DL
Capital city CCR efficiency CCR rank CES score CES rank Economic level Water situation
Je st 1 1 0.6810 2 Rik RTINS
R 1 1 0.5664 3 Rik P BBk
ARIE 1 1 0.3998 16 KKK B koK
KIR 1 1 0.5092 8 haE &k e koK
W RIS R 1 1 0.3813 19 R KK H K
A 1 1 0.4842 10 A&k B koK
K& 0.996 2 0.3367 24 R IR H UK
M IR I 1 1 0.2947 27 R K&k K
1 1 1 0.5319 6 Rik P BE Bk
g 1 1 0.3825 18 Kk TRk
oM 0.916 6 0.4253 13 ik Rk
ahe 0.823 7 0.3127 26 AR IR ok
gt 0.988 3 0.3295 25 A& ik Rk
B 0.736 13 0.2869 29 AR IR oK
blide] 1 1 0.5117 7 A& ik e koK
HM 1 1 0.5026 9 AR IR e BE ok
vl 1 1 0.3651 20 Kik TRk
Kb 0.963 4 0.3484 22 Rik BREEHoK
Il 1 1 0.4163 15 Kk TRk
BT 0.751 12 0.2210 31 RKIA HhEE Bk
tn| 1 1 0.5346 5 R Kk K
EN 1 1 0.2845 30 KRR BB HOK
R 0.816 8 0.2922 28 AR IR HEE UK
FLPH 1 1 0.4442 12 thAE R IR EEHOK
B 0.798 10 0.3408 23 R Kk oK
FirgE 1 1 0.8244 1 RKIE BAHIK
[ 0.814 9 0.3593 21 AR IR e BE ok
2200 0.936 5 0.4219 14 RKIE [131-%73] 8
(iR 0.792 11 0.3997 17 Rk K
BRI 1 1 0.5367 4 thaE R A e koK
L&A 1 1 0.4528 11 hAE R R oK

CCR % : 1 Charnes A, Cooper W W, Rhodes E XU 3R I 1E4E DEA BEEIZCRIY ; CES . £5 A 3R 15 43 (Comprehensive efficiency score ) [23]

4.3.1 JKBEIELA 5P

(1) NEEERCRIA R , L4719 AT ik IR A R Bl e IR AS 5 FE 61.29% , 1 HeAth AR
DEA A &Ik T K B ISR ITE 0.7 LU o0 Wi R . — 7T, ALC A8 i PRt 2 IR s As s 4 A h R B
TUARIA AR 5t A5 380 10 A S e AR TR 205, i A4S KT AR 3 i 482 T 5 75— 5 1T, DEA BRI 3% A
TETIAR e 3 2 1), 23 DMUs RORCREIG &5, W R — A R0 Pk 50T, S 80P AR JI FR A%, 721X i i
BT ARMEXT £ I T 17K B PSRRI T A B R0 LA S 1Al

(2) )\ CES 1340y KA 31 IR CES BURM A KRB IES S0, BIE R T — 1588 M HE4 A
BRRPRE A T K FERRCR X A ok . b 48 R 280 T 19 CES 158730 #F4E 0.6 LR, S =i AUHAE A 0.8244 41
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FbTF CCR #5R  8 R Al TR, AT HE R . CES 1550 % 18 T AR i B AR R R BT A 44 O RSCRAE, T AN 2
PG 2 i A A R AT AR L N RS ] DEA A8 AACS PR e i AR Al
HE5 ok DEA AR, BEP SR 500 CES #3445 A8 1), B, LA CES 543 HEA T /K SRR Y H 55 PEAf i o L
AT A B,

R4 CESBOHESIREFKE

Table 4 CES score ranking and corresponding economic level

CES 185444 R IBIRT H & e kT R Rkl
CES score ranking Developed city Medium developed city Underdeveloped city
1—10 3 5 2
11—20 4 2 4
21—31 1 6 4

(3) N CES 100 HE2 ST B M ERT (K 4)  HEAHT 10 BT, BEAT 2857 AR BT, 4t
RHE L s AT 22 5 v A5 Rk Y R, AR P B 5 A 20 R R B SR, i T RERE FE 11—20 5
21—31 BIHEAFE R N WP R I AE TIX = A2 5K X U] T — DK SRR AR i R S 24
TE R A AT RE A AR 3R

R 5 CESBoHE S RERKER

Table 5 CES score ranking and corresponding water shortage

CES 1534314 3ERTIN i BEBK K LEIER TSN AR
CES score ranking  Extremely water shortage Severe water shortage Moderate water shortage ~ Mild water shortage No shortage of water
1—10 8 0 1 0 1
11—20 2 4 3 1 0
21—31 1 2 5 3 0

(4) )\ CES 13502 5 EUKAROLI A R E (3R 5) B BUK IR CES HEA R SENT, KR £ E
BT CES M0 HES SIS . ARG T 2016 4E A/K IR EE IR 1620m’/a, 48 2k 26 6 7 ; 3 PR i 4
STy BUK AR 4 [ 55—, N BK IR R A ST 5 5 07 s 7 B T 2T Kk m ALk 2204.37km?, 1 29.78%,
e EA 2 UL BT A HE AT =4, R T VK B BT CES 1850 HEA 43 i AL SNBSS — = =, X
WIRE T K g B AR R A A5 RS A 2 & KSR (B AR A A AR L (4 7™ 1 W] REAEAE Kt TR
RIS . MR AE SR, At b XA 5T A 5%, PGB DR 1] | 22N S5 b X AR H AR BOK (K
PETRAHRCRA L T PE A V45 B | 5 sk B i i [X 4R B AR R R G = R , ELE R T R e —
MK, XA R ST O IR A B 52 4518 R AL A ATTIA Y K R AT AR AR S K R IR
ISR AR HE G 2R B 5 T3 EL K W R = 0 1 X, 7K VR P A5 SRR ; v A 7K W LR = A i X, 7K
e UE AR IBOE B2 7K, B AR B 57, 7K 58 R 80 s
4.3.2  $REKGEEA R AR R

(1) [FIZ 35 25 B3k i, PR S8R A3 T 1 1) CES A543 FE R A4k i 27 >

20 R R AT AN E KV AE - T b R 2] A AL A B S ER AR I R B R
KA, > E AN TR IR AR 45T A BT AR HE SR BOR 5 8 AR RE S Rk i X A B L BER
SEHbRT ) PR R A RIS KSR AT BOR 456 F B A B T R R 2 b s AR FE A
b3 55 R R M X AP 7 | 22 A5 M DX AT DA T 7 % U 1122 20 A0 B X H ik i SRR Pl AR b, SR FH AT
A LB I A5 A R HE AL 5 R ARV AR ZS B 1 7k B AR 20K AR B K S B K TR K S RS
BT AR, 7= BT KR A P

(2) RIS T oh |, KRR AR B3R T 17 (7] CES 75435 A A3k T (5 S5 2856
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6 1) ARk A TR AL T TR B T K B DR SR AT 1965

XK B B AR R IR, WD AR A, 107 ) TR T 1 DX 2y T 0 B AR MO K SR B
TKBOR A RAF AT KB, SR AT BEI A K B IR A O [T , 182 Ry B B R e A o™ i
— 77 T AT DL BRI R K™ I8 K I3 K L il SCAR A5 T5 T8 B9 B A S5 AT, DAk 7 ML 4548, 55— J75 T L PR3
KT, I AT g s K BRI O A4 BT RE

Xb K BEURA S O3 TT AN A7 S AT PG 22 A, 17 ] bt R ST AR IR IR R BT, — D5 T
TR TARAU UK, A K AL A TR I AIRCEOR (PR BOR (T5 7K A BE B R E A SE | [R] I 2 AR
1] R AR A 5 K B AT LA 2 52 i /KN R HIBT 2K i 2 1 28 337 B FK B /b S5t 7K $i ve 7K 9 1
10 F S A R4 5 ) — O TR N K SRR A 48— 78 B, X6 7K % L i ) PP A 7K B AR ARSI K B A R M A
S5 TAR, N A TTEUR 423k KRR 5T B R W 55 Ja A 2 R AR T 15 AR M dl AR N R IE A 35
BRI (RN RIERN KI5 G a5 ) S5 AR G AR B, DRAIE K BEIRA & BT %2, BR A A BE IR A A 5 B
HUHT, XK SRS 38

(3) & R ZENIGRAZ L , e S IR ORI R R AMNE, Bl A TG, 257 Ak sk BE IR & i3
ISR SRy it e e 2% 1, IR R A28 55 X A ik 3T WA 0 5 B AR SR R AR w7 [ 2 K AL AR, 50
Py, 503, T figp ke 3 [ K B AU X — T 5 MR

5 H5iF

5T ORI SCRRAE AL o e #1287 THD )R 2K DA B A G AR AR 38 R U BE 1) AN L, AR SCR T T AIC
AR EEEAR TR A R A A AR O B 1T 58 A AR AR A R R T TR AR B RE T 28 Hh T 31 M &
ST K BER A R A e B HE 47 T X HEAT 10 S0 . MR HT LR | AIC 22 BV FR: K (0
253 M S AR BOEAE AT LASE B 9 34 b, =Rl ik 4 & TR SCER B — DB L, AUE BB TR
i R A AR A AT S NN 5 SRR, 3 A SRAT BRI [R]E ALC v DU A 8] f) 2 o5 A A 2R o i
AIRTE T 5B K BEIRA FHRCR A& S, fiJa B AR TR BOL TR AN T AIC MENAE R Y258 DEA B3 77 22 1Y
[VRE, SCEE R Jo 4 T AR B AS TR AT, ST 2855 7K1 55 7K B8 DR B WA A B 57 1 B 2T 1A 28 %)
AR BRI TE AT 5 SE PR A K BT IR ASOS 55 BOR, DAk B B 7 L 254 | TR I AR BB K AP I R 58 7
G, LRBHRMZ G AL 2 i n] 158 K A LR 31
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