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Method for efficiency assessment of wastewater treatment and
application based on DEA

HU Xiaobo', WU Hongyan' ,GE Xiaodong', ZHU Duanwei', ZHOU Wenbing' , CHENG Dongsheng’
(1. College of Resources and Environment, Huazhong Agriculiural University, Wuhan 430070, China;
2. Department of Water Environment, China Institute of Water Resources and Hydropower Research,
Beijing 100038, China)

Abstract; The efficiency of wastewater treatment in Hubei Province, China was analyzed using the data
envelopment analysis ( DEA) model. The model’ s inputs included the annual expenditure for the operation of
waslewaler treatment equipment and the investment completed in pollution treatment of industrial wastewater and
sewage treatment for urban environmental infrastructure construction, and its outputs included the quantity of
industrial recycled water use, the amount of COD removed from industrial wastewater, and the quantity of
wastewater treated in wastewater treatment plants. Panel data from 26 districts of China from 2003 to 2010 were
employed. The results show that the CRS technical efficiency increased by 53% in 2010 compared with 2003. The
deficiency of the three outputs varied consistently. The calculation result of the Malmquist TFP index shows that the
cumulative value of the wastewater treatment efficiency change for Hubei Province was 1.529, which was much
higher than the cumulative value of the technical change (0.929), indicating that the dominant factor in the
improvement of the wastewater treatment efficiency was the optimized allocation of inputs and outputs.

Key words: data envelopment analysis ( DEA) ; wastewater treatment; policy assessment; efficiency analysis

RKIHPIA K5 Jeds il R EFRE R T #8 PR KR R4 4F 127, 42 1270, 5 Tl
YER TR A TAEZ —,2000—2010 4[] 4 [ Tk 5 4L V5 YR VA PR AR S 4 {E 364. 03 2T 35% . R
T (FEEK S AR Y e L HAD) G T, R KIS YL 18 BOR AR BE 1 7K 75 Y ik — 2% Ak

FEATH ¢ 1 GRS Y il 5 iR PR K £ 51 (20092X07631-03)
YEZ T I (1987—) 38 W+WFgs A= T 5 ) A IR LR 5 P . E-mail ; huxiaobo@ webmail. hzau. edu. cn
WAEMEH B/ R RI#4% . E-mail ; gexd@ mail. hzau. edu. cn

e 77 .



D RAE T —E RAPE T (B AT DAk K5 G B A B
RAVBCRIF 52 5 BEAY DR A5 0, AT IR BIESEAS
2T, PN O T K PR B AL 53 BT 14 BIE 5 R X 45
M HBEIERE, i, B E S HE T R
VISR ) B Rl s TN /S U R E DO 3 e e o el )
G T R b7 T BRI I B B S RO B
IS5 0y FH et 1) 9 Y A 35 S A BB T P A
ARG IR IR S GRGIEAT 1 oA, X EERESE I
RIRA AT PR BATTAK IS G B A 7 A JE SR
PRI, 5T 0, 28 3 3 18T LR 412 2% 23 ((data
envelopment analysis, DEA) J7 3% N 5L aill | #4 dt K75
G B vA BOR SRR AY I LAWIAL A o], BT -
USEEINEE €S UE A SR YN E S PN

1 RFE

1.1 iR

SEH BT DEA B HE T PR 7K IR BROR PEAG
. DEA J&i& %25 Charnes % 42 1) —Fhag R
TR A BRI T 5 DA s e i 8 A 7=
ER UL (B EL R0, SRR s R 3B ST AR X HAL
TR BT ISR S AR A TUAR A A M

R4l DEA Bl 5 KBGO0, LR KIA AL
om0 B A Sk AT AR LR AL 4% ( variable
returns to scale, VRS) A3 4t 2k 14 B Yl 455 764 4
A (DR,
max(w\d)

s.t. =y, +yA =0

x, —xA=0 (D)
N'A=1

A=0

X EHAREREGA AR E W &, y 20510
H bRk SR BT A 7 S LI (B AR R 5, Ly, 43l
N HABPE TR B TT B 7 I B 5 N O
JUAT I,

AT AEE ARG (1/ ) — 1T 28 UL A I
R % & ( variable returns to scale technical
efficiency, VRSTE ) {6 V e, %45 &+ DEA X 1F
Windeap 15 H i G803 (H—— RS 45 A AE I 4L
ARECE (constant returns to scale technical efficiency,
CRSTE) {8 V e, A 3 5 B R H ( scale
efficiency )l Vi , Vg = Versre” Virsm o 38 3 IR
EHEREE 0 ~ 1, {68 1| B RN IR BA R H L
RN N'A=1 iy NA<1, 7 NIRS ( non-
increasing returns to scale) #%! W[ ffi Windeap 15
Vs I W7 R 5 55T 1 RIS % £ 2 2B 1 30 i 3

.78 .

W Visrs &5 Vigsee A5 U2 BT R 25
BB, 75 WAL R 25 3 18 5 5V e AR, U R
WAL

(1/7¢)=1 I FRRIREAITTIR R T KA P
ARAR (1/¢) <1, W FRR SR B ITTAAAE (KR
) BATORE (ARG EECR) I, Kk A
J& N HA A PSR BT 7 R A T Lk 20 A T A 3
AR A (1/¢) yA, R HE 5 J5E,
AR A R
1.2 2EREFEEY

FL R 77 % (Malmquist TFP) 8 500 H T
ARG M B, 1994 4F Fare 004G H S
DEA FiEAHZE 4, 8143 Malmquist TFP 540753 )
I AR K R BEACRDE AL LAY AT LU &
Malmquist TFP $8%%, IZH8 8N T A R BT &
KA BRI AR I 40 P K06 ) Fee AR AR S g B
e M KR BRET) R SR Ol . o Hr kSR HioT
RS ) R R AT i R BB
A A AR AR 7, e LA WA (2) 7

Malmquist TFP™' (y*' ,x"*" y' ,x') =
Dy x) [ Dyt X . Di(y' x') } 12
Dy ) Lo D)

(2)
Ao M NERAGRERE 0 ONER | DNEKIR B
FHIT;x,y , x™ Yy AR RN | AR KR B
THTT ¢ W o+ 1 AR 7 S 00 I
D/(y', x")HE i AR AR LR BT W5 [
W AR BRI BB R D, (v, X)) A
ANF I TR BT 41 W15 ¢ W AR FRAT IS
ARG ;D (y',x) D (y™ ) B S IR Bk
e, SEATIE 1 WA 2 TSR AR FE R
RCRARLA TR ARAE N Rk, HERT
1B, PSR AT IR AR AR T, 2 U R,

R T DR BT R KR B E A Ae B R T
FHARCFEE | 75 B35 Malmquist TFP 5%, 5
ZARE ) I —— B AR AR AN AR AR AL A )
A B TSR KR SRR S N &,

2 THEEBESHEE

JRKIE B PR o 28 3 P Y
FHHBAT 2, A B2 LK AL BE 4 3R
W KAk BRI B £ 45 1 E 7 I AP A1, 2 IR
KA B JRIRSE R J5 F 2 PR AL B R 15
ZEHAER BT, o K A BRI T2 A A B TR
TE o PRGN 8] A7 o a5 & IR BB 4
PR — UM BT, 1247 9 B RRae MR 0



PRI FHPE T b wi s @ K i BT IH S
HIEIEHENE H RT3,

I E KR PRIt A% 9% 32 B B3R T AT S
Bt FE 75 K AL B BT | T R K V5 Y PR G B A
A H « = [R5 AR R Ay, F
SE b R B JR B F R TR IR AR
Jite EE I TR A PR AR T A FEIE 5 A AR
BIEAGELY [ E AR — & W E S, M = [F
i S IR], IR A A PR AR A R AR B, AR Y
Ve, R DT IS A A e B e S bR A R
FG A R IR AR HERORT AT KR, LR
05 g i — 25 T AR Ak B DA R 3 T 2 355 75 7K Ak 38 i
PEATR BRI . TR, 28 00 02 7K 3R B A it 4% ¢
FEEAR 3 SR B A4 b P 5 43 8 < 3k i 24 58 Stk
Wit FE 1 75 7K AL AR B S A B T A 0 75 K
(LRI B 0Y | F B % d ik, E sy
TRAL ST FHEAKAS 18 i 1 Tk 7K T5 YL PR 6 B
0% TR HETS Al S TS Y T BRI Ah 15t 45
A, BHETS A b B B8 a1, — ok o s 7K A B
L, WAL P A T KA T AR B AR I HE A TS
TRALIR S AZ KR, AR — 2Pl A5 5
TEA ) 3 A5 R X I /K 3R BRI A ), R A 25 2%
JE Tl 1 ) sl TE P R R 1038 4 T B K ™= A A
BB LRV U A e 7Sl [ [ N4 €78

ARt IE 1T 2 P AR K A B
HREVR AR FE 0 2 T, B 4E i 9 2550 2
RN G T AR A S it e 28, I8 g T
FEPEFE bR, OB T R K IR Bt S PRz 1 T3 A

AR AR R A RS TR Tl g K R AE 3
15K SE PR BEASC R | A 4 PR 7K 22 b B (81 RN HE
FEPRN 2], 2010 AR b4 Tl /K & 5 R H i
ik 219296 T3 t, B FIHHRIL 82. 57% , & E KIG B
)« KR 7= th 2 — . TolkEsk COD R4k
PEEN TR A AER S Tl R A VA B ROR: X T
T AR T KA BRI | SR AT ARAS 0 38 T 75 7K Ak
B A B R

(Rt 2 7K IR BRACR AL TR 3 2 AT 5
TV IR K FNAR 15 75 K36 B T AR 0t S Huas f T3,
FLARR Tl 5 YV 15 7K v B 58 LA BE | 0T PR A
Bl 15 75 7K Ak B 43 0% % R K Ak B il 3B A T %%
FH 3 2 I Tolk K sl AR 1 15 7K i A B o |
JBE K5 e 2 5 o U 7K A B [l A e, LA SRy 3
TG /KAL B Ab#R: Tk E/K COD bR M Tl
F/KEE MM,

JE ARG BEACR A A 8 A H R AR U B 2 1
Fis

®1 EAREERERD RN HI5HRIEA

e e i L
Tl TS e R K R B SE Tl B K A B Rl 3 A
g R (F5E=)
A BT ER B AR V5 K SIS K A B A (AR 5 K
TS E RO = | TS V)
PEAKAIRRHGEATIN KR H BT RA
f: IR TIT VS K A B A PR ko)
m o TokBEk COD kit Talkvs st
Toall K 35 R WK IR
3 HR55H

3.1 Mt EKEERETUER

HRAE 7K IR BEASCRIEAG LR LA 1 h 4% i 4g
o B LI Al S 6l 364 2003—2010 4F KR
HACR AR S E 1 iR, Wdk4 2003—2010
AR KR FLEACR M RIAR S IS B 2003 4E1Y
0.587 T} % 2010 4E19 0. 896, 325 1 53% ,IF T
2007 43R E] T DEA AR, Ui B 7% 4 I K if B
BB AGIRE S R, #ZE 2010 4F %
B K IR B R 4l 5 AR 03 AR 8 % 43 i) 3k %)
0. 922 F10. 972, AHXF S A5CR(E L F] 0. 896, Ui Bk
BRI BRI AR LR, HE 1 ien]
LI H,2008—2010 4F[H] & RORE AR L TRUE .

12 WEECR DHBANR BIBECR

2003 2004 2005 2006 2007 2008 2009 2010
Ay

E1 #deE EAKRERETHIER(2003—2010 )
3.2 HALAEKEEFHARS

JR K3 32 B OCTE LIK A5 e Wy Il U R 5 247K
PR AR R B IRBE R 25 MR TE L5 7= 1, A A%t
AL SRR B A R AT 500 o X7 H 3 Tl
RUKEEZ R AR TALEK COD kB M 57K
A3 RE AR AN R AT, 25 R UL 2,

& 2 AT 0, B 2007 424k ,2003—2010 4 (1] 4
b4 2K BRART T R K IR BRI 8 D A E ™
AR ARG RN s AR, Tl 17K 5 5 R
it Tk /K COD L Br it A i v /K A 38 Ab 2 o
3 T N R AR A B AR — B AT 4 4F (2003 —
2006 4F) 7= N 2 5B B K TS 3 4F (2008—2010
AE) i — 2D UL TR R KR BLAOCR AT B4R



B D AKEERAESHAR
TAVEE/KCODE B A 2
X 10p  O3ilirs KA b rE A g 18 5
iy 9 N
= 16 2
=98 14 oy
7 2 K
Em 6 s
T s &
= 8
By ! 6 2
2= 3 N
H g § I@ § \ § - § 0 f%
2003 2004 2005 2006 2007 2008 2009 2010
)
2 HALAEKEEFHARTHIER(2003—2010 )

[T, 3 30 AR R AREA 34 BN, H AT £ i
FEAEAS Ay FEA — 30, 3 B 45 002 7K 3 AR B
A ARG ST R BA LR 2,

WA K IR B B HAS 2 18 i PR 22 T
(1) : DA IR LR BAR, KR Bk = T B
2010 4F %8 R ELI5 IR PR 5 GDP HLEAL N
0.92% A% T 4 EFHIKF 1. 66% ; @1%E &5
RKIE , Toie e I B 0 R 8 3 2 P ™ b AR 5 AR
PO L X AEAE 25 5, LA BUKOE PR B AR R i
il T8 AR BRCR 4 & @A L TR E K
YA, BRI, KR B 5% 2 3 3L
B IABRCR B R R 2 —
3.3 A EKEBENEAREST

1E Windeap H1 5 A 2004—2010 4 26 /M [X 1Y
TR 5 , BI04 B /KR 3 Malmquist TFP AH5¢
R, 25 UL 3, 2004 4F 1 2007 4F TFP 45 805
K, R AR KRB ERAR TR, TFP Al
HRBCRAIRBOE TR J5 B HERIZE 1 EF
Wesh, BT, E— 2038 BUE /AT 3R
e AL FR A5 LA R AR BRACR A AL IR B
BRI K R BRG KA S48 B0 B HE S 5k
1.529,0.929 il 1. 421, KA K HACR AL HE 2L
SRUE R 1. 529, 3 K TR KA BB AR AR b 35 50 2
THA 0. 929, F B A IR ATE B A 7™ Y Bid B2 0%
BIEKIBEEUSAETH R R, HAh 26 A~ HLIX

HIE ST 9K 1. 355,0. 854 1 1. 178, ] WLisldb4s
TCIE 2 R 7K IR BRARCR AR AR i B 18 2 PR K I B AR AR
A B AR H 4 S A4 7K |

N TFP
L8 1 O HARM AR A
1.6 | B BRI

D

2010

0 2004 2005 2006 2007
g

#dt & B k4 T2 Malmquist TFP

HAEIEH TN E R (2004—2010 £F)

2008 2009

#3

4 Fit58W

DU K A B Tt AF BB AT 9 L Tl is Y %
TRIA ST LA T T PR 58 Sl it i 15 15 K b B
BN ATEDR , LT /K E S RS Tk g K
COD B & MR T 5 /K AL BT Ab & Ry 7= 8 45
A7 DEA SR X648 B /K G BASCR #EAT PEA
T g5,

a. %4 2003—2010 4K G BRACR AR 2 |-
I TERE 2010 425 2003 4FAH E, BOR IR
T+ 53% , BEBR A KT Y B G OB K P EEA B Z
BB RIETH I TAaE

b. %A R AIG AT AT R R RITE
Tl F7K EE R AR | Tl 5 7K 75 G 4 1 e it
AN R T AR 396 5 K A P AN A T HLHAA AT
[F]25  YMETRE T R s, FEBAE AN [R) A7 00 45 33 7 HH 4R
LA, BT T B SEACAH R, K IR B
AN B AEAE B MR B ARG , 300 W3 %2 7K v AR 1Y
2T, ARRAEGY ] = AN R HR A B K22 5 1Y R A
AMUALHE A B 383K 8, i HLUR B A A5 8 3L
&Y/ & O iy NS Al )

c. WA B KR ERGTR LT R,

FR2 HIEEEKEGESHAR RS (2003—2010 £F)
7 I HARE/ T 7 IR T 7 IR T %

£ TIEE TolkEk  ykiivEsAka TAkES TR wmiEAkA TAhERE Tk WiiiEakAt

FHK & COD LBpfE 3 Ab3 i FHK & COD EPrit M) b3 FK COD ABpig ) ab3hE
2003  119480.31 36. 05 47952. 48 30361. 00 21. 66 28810. 50 293.53 66. 44 66. 44
2004  96977.23 25.19 43261.53 87165. 00 22. 64 38884. 30 11.26 11.25 11.26
2005  146945.28 33.36 75730. 17 90643. 00 24.29 55136. 00 62.11 37.35 37.35
2006 208739.16 42.11 86774.92  128111.00 25.85 53257.00 62.94 62.93 62.94
2007  167478.00 22.69 85061.00  167478.00 22. 69 85061. 00 0. 00 0. 00 0. 00
2008  270048.23 36. 43 104092.32  242584.00 32.72 93 506. 00 11.32 11.32 11.32
2009  208503. 81 36. 06 105734.58  206300. 00 35. 68 104 617. 00 1.07 1.07 1.07
2010  231151.79 41.08 131220.35  213097.00 37.87 120971. 00 8. 47 8. 47 8. 47

- 80 -



R EBEFR R T AR A AR, 75
TKALI T 2B & ARG B EAL, C a8 e, 7
] KI5 YeATh b TR 9 B B, 2 AR 20 B i dzs /N F
7 A TR T IR K IG PSR A% Y Bk

HRE LA 28T, DEA AE R —Fh A XS 8CR 4347 5
5, RERETE 2R 1Y I 7K A BLASCRITA o A5 DA i
s, FERIAE LT 71 DEA 9L T KA
AR E TEVEAL , BEAEAS 4 5 I 2 WL ME B 1 IT AL 45
S DEA BERE X IR AR B AT A TUAR A= AN 2
O3HT, FEEE A B R K IR AR AT A ) B AR
DEA %54 Malmquist TFP $84(RE 9 12 88 H R /K 5 B
GRS £ TR R N EAKIA B SR Rt
FE

EF XA TR /K IR B SCR A gl 1
TR ORI AKIG BN, 1 R A 15 YL iG 2
B 5 GDP Rk E] 2% (MR Y5V 7 E R LR
5 G YR LT & GDP R IAE] 29% AT A
i fil AL — AL ) s @K1 K RIS KA #AT I,
P75 75 KA PR T AR AR N5 7K Ak A £ il 1 AR K
- AT K A BRI A XV L ) AR s Y 5 I
AKIG PR fE LN g, OR3P T2 A" —
WIAG B 7K RS AE S DUk

SR

(1] B, Bk e, KWK TS g B 6 TR S it 2805 37 A
[J]. 452441 ,2008 ,28 (12) ; 6348-6354. (HE Guizhen,
LU Yonglong. Efficiency evaluation on Taihu Lake water
pollution control[ J]. Acta Ecologica Sinica,2008,28(12) ;

6348-6354. (in Chinese) )

EFE, X 0. r [ 3t 75 9k T R BV B S AR
PPAERFFET]. W 49 ,2011,18 (4) ; 71-76. ( WANG
Baoshun, LIU Jinghuan. Empirical study on efficienty of

2

[

provincial public spending on urban environment protection
in China [ J ]. Urban Studies, 2011, 18 (4) . 71-76. (in
Chinese) )

[3] AP (htihge B0, 55, 56T A B ROR I BT IR BRI
G AL LIVLPE R A EI [T ], SRR, 2010, 32
(5): 924931. ( HUANG Heping, WU Shian, ZHI
Yingbiao, et al. Dynamic evaluations of resources and
environmental performance based on eco-efficiency: a case
study of Jiangxi Province[ J]. Resources Science,2010,32
(5):924-931. (in Chinese) )

[4] CHARNES A,COOPER W W,RHODES E. Measuring the
efficiency of decision making units[ J ]. European Journal of
Operational Research,1978,2(6) ; 429-444.

[5] COELLI T. A guide to DEAP version 2.1: a data
envelopment analysis ( computer) program[ R]. Armidale .
Centre for Efficiency and Productivity Analysis (CEPA) of
University of New England,1997.

[6] FARE R, GROSSKOPF S, NORRIS M, et al. Productivity
growth, technical progress, and efficiency change in
industrialized countries [ J ]. The American Economic
Review,1994 ,84(1) . 66-83.

[7] FARE R,GROSSKOPF S,LINDGREN B, et al. Productivity
changes in Swedish pharmacies 1980-1989: a non-
parametric Malmquist approach[ J]. Journal of Productivity
Analysis, 1992 3. 85-101.

(W E 2012 -12-24 %% 18)

(E#%25 )

[3] ADAMS S, TITUS R, PIETERSEN K, et al. Hydrochemical
characteristics of aquifers near Sutherland in the Western
Karoo,South Africa[ J]. Journal of Hydrology, 2001, 241
(1/2) :91-103.

[4] WU F F,WANG X. Eutrophication evaluation based on set
pair analysis of Baiyangdian Lake, North China [ J].
Procedia Environmental Sciences,2012,13:1030-1036.

(5] dZE], WIFISF. HE T RAL A 46 05 0 BT A A K BT 45
PR AR ()] K A2 4R, 2009, 40 (3) : 257-262.
(MENG Xianmeng, HU Heping. Application of set pair
analysis model based on entropy weight to comprehensive

evaluation of water quality [ J]. Journal of Hydraulic

Engineering,2009,40(3) ;257-262. (in Chinese) )

[6] ERA, ok AFL, AT, 5. K SCHL B2 Bl [ M. b
AU HUTCH A, 1995 :50-51.

[7] GB5749—2006 A:i& I JHK TAbRIUELS].

(8] TEEHT, AR A, 45, v [ AR LA BT It R 2k K £k
PR S A LA (], KBl BE R, 2006, 17 (1) : 20-
28. ( ZHANG Guangxin, DENG Wei, HE Yan, et al.
Hydrochemical characteristics and evolution laws of
groundwater in Songnen Plain, Northeast China [ ] ].
Advances in Water Science, 2006, 17 (1) :20-28. (in
Chinese) )

[9] GBT14848—93 #i F/KIREE R EARME] ST.

(ks F 91:2012 -09 -05 it w51 30)

- 81 -



