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Water use efficiency of Jiangsu Province based on the data envelopment analysis

approach
ZHAO Chen, WANG Yuan” ,GU Xueming, ZHAO Huihui, WU Yaoping, ZHU Xiaodong, LU Genfa

State Key Laboratory of Pollution Control and Resource Reuse,School of Environment , Nanjing University , Nanjing 210046 , China

Abstract: This paper attempts to employ water footprint approach to analysis the real use situation of water resource in
Jiangsu Province, and established C’R and BC’models of data envelopment analysis ( DEA) from the input-output
perspective, which incorporates agricultural water, industrial water, domestic water, total COD discharge, fixed asset
investment and labor as input indicators, and GDP and food production as output indicators to evaluate the water resources
use efficiency of Jiangsu Province from the year 2000 to 2010. The results have shown that the water footprint of Jiangsu is
778.28 m’, indicating a slowly rising trend. In addition, the agricultural water,industrial water and the virtual water trade
are major parts of water resource use in Jiangsu Province. The effective year of DEA accounts for 64% during the 11 years,
and the redundant inputas well as the insufficient output is zero value, which means that the input-output has achieved the
optimal state. While the redundant input in the invalid years of DEA have shown the extra pollution and resources allocation
is unreasonable, which can be theoretically resolved to arrive at the optimal equilibrium point through the analysis of the

DEA projection.
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KGR ) ) FH 3 R vl o N R AR HEA T I AE 5 55— w KPR W T KR w kR
W, BRI A (R T, B SIERKIRIR oo " EAVKE IERUIREH
PRI AL AR Tl P R A = AR 5 w0 o 1 Bl =
PR AR, SR P8 s PR BRI RN, & § o0

(3)AETEAVKE: 3% KA R K A § 5
KSR 55 =P K RIS A A s 20

(4)COD FFBUE R A5 Ui A8 Tl /K HE " g8 388 288¢58¢8¢2
BRI 5 95 ACHEE , Sk PR 3595 e, i 2 1975 2 T T e T
Wy 2 MK U8 1 L% , PRI B COD i i £ .
FEAFERR Fig.2 The consist of water footprint in Jiangsu Province

(5) FEw = H e Bwm T KEEA SN —
TSR GEUR , HL 5 4k 2 e YR (R A A B ol 7= s DR e e BT 2 0 7= B e VE I A s

(6) Mol A BIEL AR ST B 0 A B 2 2% /K B R A0 AR RS O, Tl AR 7 2 A R A, BEEROMO A B3 P
R AFE R AT LA B 4425 57 ) S0 K SR B TH e O

(7)GDP  JKBRUEAE A — I B e IR R R 22 B B 7=, T ABE R GDP A R 7= i 48 Ar 2 —

()M E =&  RMSEKFIRTEFE T ERIT, AR B = 2 Al ™= 1 B8 bR, DRk UM £ 7 i
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Table 1 Index of input and output in Jiangsu Province from 2000 to 2010

. It 5 B 7
N2V S - AT K - o o
o RIIAEE ki o EEME O MARM He I
SEAR Agricultural . Domestic water  COD HEJil 5 & . GDP .
Industrial water . Fixed asset Labor . Food production

Year water Domestic water /Tt K /1270

I 3 /4 m? /e 5 investment /AN /Tt

o o /M5t

2000 547.71 142.41 29.54 65.38 1844.45 4418. 14 5266.98 3106.63
2001 540.08 118.67 30.01 83.10 2026. 32 4436.45 5801. 65 2942.05
2002 548.74 145.53 30. 86 78.40 2354.01 4472. 84 6478.37 2907.05
2003 547.53 155.80 31.70 76.70 3156.53 4499.97 7360.91 2471.85
2004 551.36 182.62 32.30 85.40 3843.78 4537.07 8446.68 2829.06
2005 568.61 207.90 33.29 96. 60 4544.71 4578.75 9671.45 2834.59
2006 552.64 220.30 34.02 93.00 5147.57 4628.95 11112.50 3096.03
2007 553.44 225.30 34.73 89.10 6020. 41 4677. 88 12768. 26 3132.24
2008 569.05 209. 40 35.30 85.10 6994. 94 4700. 96 14389.83 3175.49
2009 583.79 194. 60 35.95 82.17 8898.98 4726.54 16181.36 3230. 10
2010 601.23 191.85 34.00 78.80 10206. 22 4754. 68 18236. 39 3235.10

3.3.2 BIRLETTER T

B2 1 BRI AR CPR B PR A, 7351 2000 3 2010 4571554 K SR A FHACR 0 (A4 DMU A4
AR, L R INEL 2 R, KGR 1 BRI A BC? BRI UEAT A 15 3] 2000 F 2010 4F[B] T84 /K
PIEAH P AEARBCRE o, W 3 5 =91, R 3 BEUR RS ENLEEROR SRR BRI
SRS T A SRR,

¢ 2 1T DL 2000—2010 44916, DEA 43 207 4F43 4 2000 ,2001 ,2002 ,2007 2008 2009 4 £ 2010 4F, 5
BRCRE 0 #0 1, BAASAR S s, 57 (HIIN 0, R LA RFEAFN = ik 8] T i dRA . HREMLEE
FAEANT 1 BRI LA RCRARA B A 0.9 DL b SERA YT IR 48 7K G U8 R 36 A ) FHASCR Ab A — AN
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7KL JERAFR AEBE AT H 5 TR AT AE AR , U I SE AR 03 AR BT A A ot At T A A A SRS
AITEOL, sy sy s sy Al sg (AR O, BEHT AN FIZK AP FHZK AR 36 K LK DAl 53 B8OREDR T i 1 R
Tl BAFAEEK T COD HERGE ZRYTEBL, T 5 (K2 0, W] [ E B Bt B M BRI Ay Pr LUVLIRA
FEIKGEIRAN ST ) )77 1 BB A 22 H COD HFjifid 2 B 00 , e A A8 BE BT 4 AR T A B 1 Hef

R2 CRBERMER
Table 2 The results of C2R model

RAHTT

Decision making 0 th Sy s3 N s5 e s sy

units(DMU)
2000 4F: 1 0 0 0 0 0 0 0 0
2001 4 1 0 0 0 0 0 0 0 0
2002 4F 1 0 0 0 0 0 0 0 0
2003 4F 0.9479 1.7059 0 0.5286 0 0 44,1574 0 329.2317
2004 4 0.9392 2.6420 3.9306 0.0511 3.8566 0 0 0 0
2005 4F 0.9454 18.1161 14.2228 0.2132 11.4192 0 0 0 31.1819
2006 4F: 0.9911 0 12.9540 0.3311 8.1373 0 0 0 0
2007 4 1 0 0 0 0 0 0 0 0
2008 4F 1 0 0 0 0 0 0 0 0
2009 4 1 0 0 0 0 0 0 0 0
2010 4 1 0 0 0 0 0 0 0 0
F3 IHEKREFANGEERE ARARANERURRELE
Table 3 The overall efficiency, pure technical efficiency and scale efficiency in Jiangsu Province

YA P T 4t N

Defi:iflan?liing éﬁmi Pﬁiﬁﬁil . o mg&ﬁ% YA, k=L Z A fmﬁ&lzﬁ

anits( DMU) Overall efficiencyf) efficiency () Scale efficiency (s) 05" Scale value

2000 4E 1 1 1 1 1 PR Y
2001 4F 1 1 1 1 1 FUAEA 24
2002 4E 1 1 1 1 1 PR Y
2003 4F 0.9479 0.9993 0.9486 0.9361 0.9876 PRS2 1
2004 4F 0.9392 0.9956 0.9433 0.9357 0.9963 PR 2B 1
2005 4E 0.9454 0.9928 0.9523 0.9418 0.9962 TR 281
2006 4 0.9911 0.9977 0.9934 0.2112 0.2131 PR 2B 1
2007 4F 1 1 1 1 1 UL Y
2008 4F 1 1 1 1 1 PG 2
2009 4F 1 1 1 1 1 BN 2
2010 4F 1 1 1 1 1 FUARA 24

M3 ATRLE LR S RCRA RN AR Y, AL B R BCR A o 3908 1 BBV AR A 2, P 238 38R
ANT T ARG A ARCRAE o P/NT 1, SEERIERG WA SR 18] 1 5 JF B B B R IR A, B8R
B A ST 2 — 2D 0 s NAIUBRCR R DR T A 28 S BCRIE/D T 1 B4Ry SEUBECRAE s 29/
T ORI, 78 DEA AR Ta A T RS 2 A9 B B, B Z0h Bl AR A9 MU £ 455 T AEIE DEA
AREAEA 2003 ) 2006 AF S AN 65 3 1 e W AR S A 7 AL, JE B IR A B, LLARAT B R Y
FEH

X$# 3 HAE DEA AR AEA ROF i LT SO AR AR SR LR 5 X LAy T AR
K T K AR T K 8 E B 3R A BB B A EAFAETUA Bk R is et 2, il DLE i A
O7 8 i T A B AR IR B B PR A AT BRI o BP- 327745 249 (I ) 5k, COD il sl i) 7 P2 e 22, 1A 3
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10.68% , HU & Tl K&, o 8. 12% , A48 bR 5 ZAT LM RE BEAH S . Ik, 37 249 Tl K &, BRI R /K
COD HERCR FEE VT8 A5 e /K SR A 75 2 8 B SR A I, ARl 2 7K B VR T E B K 8 1], 173 24 e
TRA K LB, R Aol 5 K BEAR Y IRFE KK, F5 Y J G Tl r= i , 42 i Toalk /K RCR . IRl b
SE PR SR MO A BT KRR

®4 DEARHHMIFELER
Table 4 The adjustment of the DEA projection results

I SeanE I [f] 7 BT R
FTKAT 258 TALIK T2 A AT 4 24 T SO .
. . . COD A ] ok CIRVEL iy PN N
Ay Agricultural Industrial Domestic water ] . e M
Ye: water savings water savings savings COD reductions Fixed assets LERES
et A & A 8 2. gx /ITt investment savings Labor savings/J7 A
m’ m’ m’ .
/1e5t
2003 30.2131 8.1117 2.1791 3.9934 164.3441 278.4469
2004 36. 1141 15.0173 2.0120 9.0411 233.3510 275.4400
2005 49.1250 25.5604 2.0286 16. 6872 247.8415 249.6978
2006 4.8845 14.9011 0.6318 8.9593 45.4971 40.9133
AT
(HIWE) %/ %
The average 5.40 8.12 5.26 10.68 4.40 4.65
savings

(reduction ) rate

3 £ 5#Ei
3.1 58

(1)2000 £ 2010 4F VTAE KRB 2 F TR AFHEK 7.1 42 w’ RO Tl 2T I8 /K IR TE AR
R EPHAEBIT

(2) WHEIR IF 119548 2000—2010 4F 7K GEUR A A FHASCR A AR AE— R 7K | DEA A K1)
0 64% , TR 5 36% , I HLAE DEA JERLA A0y vh , HK G IR A A AR AR FR7E 0.9 DL 1 ik 5
BRI

(3) 1ERMILIRA KGR DEA JoR0 J5 B REAT B AR JCRL IR R A FUBE T8 IR L, 72 DEA JEAK )
AR TLIRAELM K, Tl FHAK A= 36 FH7K , COD HERR , [ 5 5% 7 45 ¢ F1 55 3 JJ A T7 HAEAETUAR , 34T
A3 T LS 251 30. 08 42 m?* 15.91 42 m* 1.71 /2 m* 9.67 5 1.172.76 {ZI6H1 211.12 7T A,

3.2 #

(D) VLI ATy BT SR B, AV R FE /K BT I8 5 2 B0 1T, T AR 12232 A5 AR A ML FH K LB, A5
TR B AR FHAKOR PR3 Tl 2548 VR = A 95 e FE/K BRIk, KO & A5 B TR S5 =
A7 Al USRS =l

(2) Z5AHBER I G5 T IR% A BRI A = B R AR WD K BRI, 9% 4 R 57 80y 1 S e A
TR HL B, SRR AR AT, S AR A K R A A R A DTk — R im0 2 1 B R A
B, BB T S M R B R 2205 e e AR | M sh 28 0% e Oy =k LR FR 5 K B4R 2 RUBE I ) DAl 1) 28
DA B A I DR AT RER A GG VR TV AR Ry, R JRARFE K AT b, R =5 #E K0T, S« FE/K b |
“PREAKBEIEAL B Tl KA s — R A EL R A2 1 L 388 3 WA ] PR et 9 1 KB AR 8 s FHR 0%
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