Operations Research and Fuzziology iz5& 5142, 2023, 13(4), 3379-3386 Hans iXJ
Published Online August 2023 in Hans. https://www.hanspub.org/journal/orf
https://doi.org/10.12677/0rf.2023.134341

ETFDEA-Malmquistfy 38157k
FEMY

W

g TREFEARK LG, L

ks H . 202356 H14H; HAHHW: 202348 H5H: KA HW: 202348 11H

ofs
v

Ha

HE

TEKFBBEE RT, RETTR H 2 MK ERE RS A5 K H R S B, LEmEKE
PR KRR . ASCEN20065E~20204F Ligi5/K 0B, EFWHIE KA R, BHAKLE 5
KLEERE ST HAKEEKE. HKEEKEARATR, WiEKEOE HAEE, FHRELCER. T
BUEAK R HEB G KA E S EE RN Hi8bs, FIFHDEA-Malmquist/7 VAR [E 105047 _RiEgTs
KIGEREHATHM . AR, EFSTIT LEESNEEY LA BB TRERS, I L,

ERHEKEEBAREAYE . EERARFEEKIEERRETRFEEARE, BHRKEEREAFEA
BEAR, BAREENGKERNHRRAHEN R FIERAN 5GP EARER A HEM, ABE
FEREMNGAREEERRR, NOBEEMTIEFERECREDT EEERE. EHRH, MEEKE
HAERR, AEAMABAEE: MAVBEN, REEATEREMES: nEEE K EEERN A
BRI

K §EiA

DEA-Malmquist, ¥, 15KIEERE

Evaluation of Sewage Treatment Efficiency
in Shanghai Based on DEA-Malmquist

Na Xu

School of Management, Shanghai University of Engineering Science, Shanghai

Received: Jun. 14”’, 2023; accepted: Aug. Sth, 2023; published: Aug. 11”’, 2023
Abstract

Under the background of water environment management, Shanghai has put forward a variety of
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sewage treatment measures and strengthened the management system of enterprise sewage reg-
ulation, and sewage treatment in Shanghai has developed rapidly. This paper selects the sewage
treatment data of Shanghai from 2006 to 2020, selects the number of municipal sewage treatment
plants, sewage treatment capacity of sewage treatment plants, length of drainage pipes and length
of sewage pipes as input indicators, and the treatment capacity of municipal sewage treatment
plants, the amount of dry sludge disposal, the utilization of municipal recycled water and the total
amount of sewage treatment as output indicators. The DEA-Malmquist method and regression
analysis were used to evaluate the efficiency of sewage treatment in Shanghai. The study found
that the total treatment efficiency increased and tended to be stable in the static analysis, and the
input efficiency of sewage treatment in Shanghai was continuously enhanced in the dynamic anal-
ysis. However, there are still problems such as unstable efficiency and sustainability of sewage
treatment, insufficient technical progress of sewage treatment efficiency, and no obvious sewage
reuse effect of sewage treatment. The ratio of environmental input to GDP has a negative effect on
comprehensive efficiency, and the per capita GDP has a positive relationship with comprehensive
efficiency. The index of population density and industrial gross output value failed the significance
test. Based on this, the following recommendations are proposed: strengthen the awareness of
sewage treatment, and promote effective government-enterprise cooperation; increase financial
investment, and improve technical management efficiency and updates; enhance the promotion of
sewage resource reuse.
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BV E — R R AT RREOR R B B TAR R 2 —, ST i5 /K76 B B 2 (R 2R 25 B ) B B4
FigHAE K = X B, TSR R T BUG T S A R e e, 00 Bl ia B
=, BURSTIHEEOR, SRS SAREAE S TUE, HAEBATIRmT5 KA, A2, PR A A R v
A B SRR T AR 5. 2018 £ LTI /K 55 R AN L i T R A B AR SRR R R A LS T il TG K
TR LA B 5 P AL BRI R, L ADRE AR B Ipi, RETRMNAT S IR 58 S b s X It
A7 PRI ) BT RS KR BERHTAR S, DT SN AR A BRI T I SS 7). 2019 4 LR NN SRR T 5 K
HOK AN RE A 2, 8 HES b A I HET S AR v, i B A BRE Sl X T RO A AR
TR ANREAT AR AL T . 2022 4 Big T RN ZE . BHgETIKSS )R . BT ARSI R AT TR <1
VUTL” B M BT 7K A B A5 SR A OG5 /K AL BEBOR SO, K71k DRI . U 3 S RE
WIITEZ S . BEARORIPE S, Bt (Rl ii i K IR RISt Tr 280 BUD Tk
AR AN A 7K B R A P A8 I S 1A o 3T 5 7K B A — B T A B A SRRk, O d WA v
M —IURA TAR[]. BMEAE RN KRB SEHE RS M A R b, Rig iR BURFER T, ik, s fEHrh
KIEERZ BN, (EAT 2RI, AR T Bl iT5 K06 BER A AT AR AR5 5k DUR RS
DLEIARSRIIE TR A SR =, 15 7KE BEACR MR SR A7 AE - AR B N5 KR BRRICR 70 A BOAR SR g, 223
ATRBUER AN J7 1k 2 FERAN B A VP AN, AR A PR 0 2 PR R TR I KB . e, FAR
RESE 118 TR A DEA BRYAUBEVEBFL T 2017 4F 31 AN HIARAN X3 (175 7K AL B Ak A L [2] - #H G

DOI: 10.12677/0rf.2023.134341 3380 18 %5 S 2


https://doi.org/10.12677/orf.2023.134341
http://creativecommons.org/licenses/by/4.0/

4

WHT DEA HBEAUFIH 2003~2010 4 HTHIAR ZHE A AL A KA BERCR IE g AT 0 [3]. B S EHSE
J%H DEA F1 SBM-Undesirable #7%f 4~ 2018 4F 1L 4 48 (75 /K I BEBCR G LT IR IT, KIT5/K AL
JRARAERAR . BB TS RS DT AT S [4]. SRR, TkisR H =FrBe DEA AR K AL
HRCRBATIPY, WEFCURIN, 75 B s K A B AR BN 7K Ak BRG] R 1 [5]

g LR, ERTX TG K AL ERREE A A I ) 5 BEROHRE, ¥ 7K A B 00 205 36 11 T RS 8000 3 25 738 A (A
FICATIRAE, FESEIEAN b, ASCHET DEA KIS M 77728 Malmauist B)2h2 73 S LT 2006 4F
~2020 EHTE K AL BR R NAN = ARG BLIEAT VPAR, PR R A AR R o L mi DR 3 3R AT 20T, 23 i Herg K
T HR R AR R S e 5 A R A
2. MRFESERERE
2.1. ARAZ*

DEA J5i%. fEARSCHIEH DEA 7721 BCC #548Y, 78 AR i n] DL b8 31 m AR RUAR A% 28 1E AT PR
TG AIE BRI RGO, AT A SRS, M EARRIME = 1, AR E = 0B, FRATATLAULEA
ZARSR TG AR BB OUA R, 5 HARRIRIME < 1B, WISRBIZ R B oeis /KA B DA BN
A= Z A S L, BRI S KIGE RN TURFITG KIGE RS R = A 2 .

Malmauist f5 %5, 7E KSR AL AT ) 285 2 I _E#ETT 2006 4£~2020 AFi5 7K ZEEHOR
BB BORBEDHR . AEORMER . IR, RERAE RS,

Tobit B8 . FEAR LG IUELE 0~1 Z[0], fEXFIFHLT, %4 Tobit H51 Rk OLS AL
FEM W2, RS Tobit A A& .

2.2. IBFRIREE

KRR E AT CREW AT @GR B3R TG A AR B Gl R A DB AT B, B
FLSEA R, HEETHE A RO A AT A3 P A AR SO AR RS BT BNIRAR . PR AR FRIEAT R
DEA BRI R, 8 (EHGTHES) A CHER M DUE RLE B BN . NI A7 SUE
N Tla = s R & .

BUM A AT RIS K ) R, 5 KA T E R R A, W&, FRAGTRIRE, Sil
V57K TR A B KRS ORA 1 H 1. _E g5 7K iG BRACR ATk I3 = i Fe s B 56 1 FoR.

Table 1. Sewage treatment index system
1 SKRESERER
TiH =t ey s
V5 KA B A E ()
T AL B )5 K AL EE J3 (5 AL 5 K)
HoKEBEKE(AR)
K EEKE(NR)
T KAEER T W Ab B 5 (53275 K)
TG e Ak B ()
T3 K AL PR A B (T 55 K)
A K IR H & (AL )K)

BNTRAR

7 AR bR
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W 5 GDP (%)
- NS 7= BB ()
Al =L ‘
UNEE A UNE /N
IR ASYa (K i=E

3. EEmiSKAENESHEITRERS
3.1. ¥ BT iSAGAEMENERS ST (DEA 53%)

TEFIF DEA J77E1H BCC BEALH4E 2006 4E3) 2020 4F 1 _E g IS5 /K IE BRIARN 250, kS Hr
RIET A NI EIE 20, ST B AR B AR M4 & 8RR, AiH R BRI ISR . 7
FEA RN R RE T, AR SO IS /3 %S =R SRR T T . B e TR IR R AN S, -SRI 2
DURFEAAS, irs Ron AU 3G 2 OLIEIE, drs Rom IARIR R 1500 iE . 72 DEA 4, EAk 2006 4:~2020
F R TE AR FEE S HCREEUE LW £ 2 FiR.

Table 2. Static efficiency analysis of Shanghai from 2006 to 2020
2. b3 2006 ££~2020 FEESHUER SR

A LA ¥ NIES SV ES P 2

2006 4F 1.000 1.000 1.000
2007 4F 1.000 1.000 1.000
2008 4F 1.000 1.000 1.000
2009 4 1.000 1.000 1.000
2010 % 0.901 0.905 0.995 irs
2011 % 0.883 0.888 0.994 drs
2012 4F 0.969 1.000 0.969 drs
2013 4F 0.858 0.860 0.998 drs
2014 4F 0.849 0.859 0.988 drs
2015 4 0.901 0.933 0.966 drs
2016 4 0.932 1.000 0.932 drs
2017 % 0.877 0.920 0.953 drs
2018 4F 0.928 0.973 0.954 drs
2019 4F 1.000 1.000 1.000
2020 4F 1.000 1.000 1.000
FHME 0.940 0.956 0.983

IRAEXT 2 1) 20006 4E~2020 4 il TiTi5 K iA BLACR BT R B LRI, 16 HLARCR 23 T
HE& TR RS, 2006 4% 2009 FRBIL G OLIRFEANAE, ¥4 1, KB DEA G4k, H4R 2010 2
2018 EJT4f BB 25 8 0, (ELFE 2019 1 2020 4 AR KR DEA A%, X UiBH i i ik iG 3
N TR SUE B AEC B, RAE A IR . WK FORE, 1E 2006 422 2020 41455 ROR
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SRR PR AR T BHE ) RIE B DEA A2, ZRERCREY 0,940, SHTVTZAHZ 0.06, ZiHAR
MCRME 0.956, SHTHTLAZ 0.044, MUBIRCRIEDY 0.983, SHIMTEANZ 0.017, XKW BEIRIE M ER
157K BRI AT BT s, EL B TR 0T S0 T P A W7 A Jo P i SR ) A2 3575 7K AT il R K HETSCE G N ) [ 77 5
U AN A AR R R A HH I 2010 AR 2018 AR RSB 3 DR 1R 0L o

3.2. ¥ EEHEAAEMERNENZSHr(Malmquist $#H¥757E)

Table 3. Malmquist index and its decomposition of sewage treatment in Shanghai from 2006 to 2020
7= 3. 2006 £~2020 4 LB HISKIAIE Malmquist 53U & H 5

Fy B St ZUBARRR PR EERAR BORRR
2006~2007 4 1.079 1.000 1.000 1.079 1.000
2007~2008 4= 0.998 1.000 1.000 0.998 1.000
2008~2009 4 0.980 1.000 1.000 0.980 1.000
2009~2010 4 0.562 1.000 1.000 0.562 1.000
2010~2011 4F 0.834 1.000 1.000 0.834 1.000
2011~2012 4 1.031 1.000 1.000 1.031 1.000
2012~2013 4 0.942 1.000 1.000 0.942 1.000
2013~2014 4 0.988 1.000 1.000 0.988 1.000
2014~2015 4F 1.145 1.000 1.000 1.145 1.000
2015~2016 4 0.889 1.000 1.000 0.889 1.000
2016~2017 4F 0.986 1.000 1.000 0.986 1.000
2017~2018 4 0.783 1.000 1.000 0.783 1.000
2018~2019 4 1.606 1.000 1.000 1.606 1.000
2019~2020 4 1.172 1.000 1.000 1.172 1.000

¥IME 1.000 1.000 1.000 1.000 1.000

1 3 ] %1, 2006 :~2020 4F _Fifg T is KA BB R A 2R {E Oy 1.00, HAE 2011 4:~2012 4. 2014
#£~2015 4. 2018 ££~2019 4. 2019 £~2020 A ERA R > 1, BRI ETREH, KW BilgiisKia
PR AN WG58 o A6 A VRE Fe 50 % B 2006 2 2020 £E () 15 4E 1 1A] i VS KA B Al BOR 0K
FUBSR . HRRRI N 1.000, 5 FARFEAAL A B S fabnietl, X 3RS D & o A B3 A e e
M EZER, HEAR DN XS KB, FEmmRE AN S, R ARGRACRAR T
AR HFEBCRE, 2007 4£~2011 SRS IRHII<1, HAE 2014 4:~2015 FFHAR BB Fa 50 &
F 1.145, {EH BT IA SGEE R BE, 3 2018 4F~2020 FFIA BN, SRR AR ML B RL.

3.3. HMERSHT

PR 2 MLEE RN R, WG GDP. ASAEMAE. AR, Tolla~Es808 A
AR AT B M, R 4 R RER I, TR G GDP X LR ERCRA A, IS AR EAE N
BGRB8, BREXIAETREAT RNE T3R5 K AR B RE T3 AN A B il R A5 X5 2K IR B 45
BRI, FMAB R, BEMK. A4 BB RE R R IERR R, AL
SMERER S, SRS R, BEERINGAIREE Sy, R SOR A A 4, AR E A1y
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GARPSYIENIDE DI TE TV SeE: i &S TE 3 U SUNIRE: 3% U SS YK =5 &/ SERVRTE £ 6 vt vl i NP1
MV BRI AR A RO AR B R R IR ARG KRB

Table 4. Regression analysis of influencing factors of sewage treatment in Shanghai
4. EERAKRER M E R BT S

T X FRUfER2ZE t P
£ 1.447 0.359 4.033 0.000™
W & GDP -0.262 0.116 —2.255 0.024™
NI A E 0.071 0.021 3.411 0.001™
NEE S -0.035 0.026 -1.34 0.180
Tl s =5 -0.025 0.032 -0.792 0.428

P <0.05, “P <0.01.

4. b iskiaIEMEF R

1) 15AKIR BRI W R B E AR

MR 7= A 16 Tl R KRR, RDBs Tlk Ak 2 A= 2R AR v Vs K Al 7= A — M Tl R K I il Al e
AR B TV K Al [6] o Jl I 2 2 e 3 A R] LU IIAE Bt 7T I 15 AF a1 DY A B AR LR EF AR
PEIKSFIE B BEAS IR 5 7K A B AR ) DEA 201, (HAE 2010 SE 14 DEA A5 etk sk H_E R R R 50,
BRI R B35 7K 96 BRI S A rT AR SR T DA 2 210 T~ it 5 7K V6 B A7 AE n] RS v 2 ) L
ST H AT H 28 & R A B, N AT 3 G b H BIAE VS V5 AKORT Al K HE R R I, SRS K IR EL )
A R Z 0 0 SR 2 TE AR SR IR T e r A AR 2 ) A AL

2) 1B MRS A 2

FARBED AR T V5K IA BRI AR A WIS, AR R R A AT 32 2R I H B B Sk & AR5 7K iR
AR AR, % 3 hafUE M 2006 6£~2020 4 EilE 5 KIGH ISR AE LS ERE
2006 4F~2007 4F. 2011 4F~2012 4F. 2014 £E~2015 4F. 2018 4F~2020 FMAM AR BB ME AT 1, HE
7 2009 4~2010 £ HA 0.562. XFhfi RS 1 Z 75K & B R IREBIHE, F5KEHERE AR ARG
UL R FEANBS RSB, Bl Cp EIR TR S S) 1A 4% 5 — Rt T DUR AR 45 5%
XTI K A B W 5 ZE PR AOR, BARIEOLWE 1 BioR . 15 7KIA BRSO QT B = B 0 B NS T
i AV AN BRIE I B 1 AR S e RO B R

TG AL BB B

1200000

1000000
800000
600000
400000
200000 I
o — -
'&&

& &
& & 9 o> o & Q & S
' F S & NSRS SR
S S S S S S S S S NI S U
W 5K AL BR B

Figure 1. Investment in sewage treatment in Shanghai
E 1. EBmiskOBREER
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3) V5 KA YE K FE R F SR AN

T K BRI AR AR bR, A& KA BRI AR b (0 5 BIEAAT, PR I 2R R I RT DAAIE B 5 /K R A
BB, BELE LT TS K R S AT Ee B R B T s K R S R A R, X e
R ) 0 Ak PSR [ X L A S o 7 A PRI iR % DEA R0 77 AR M B 5 7K B FH () 3 ot 2 5o
A~ DEA R A AR BI A E - o 57K G300 R FHSCRAS R4 2 LA 2 Bl i K IR 75 oK
5. EigmiS/KATEMERRE HAEIL

1) hnagEis KA AR RN, AR B AE

AT BUR NN SR IR T V5 K IR B AT B, et A (y5 K HERCGEEAT AT RS R s, SRk
VAR RSB A2 5T, AR 302 5 BIBUM FIKE B H GE 2 F . BUN R A 7
(ARSI P A A5 4 A P T K HE R AEIBUR , %3 S HETBORN 78 A i () A MV AT AL ST R B A 7R . Al
WL TR RS KA A AR 1, SBUNESLE R EE, FERIMSKFAEMABREL, fHRER
INEE, W0 7S EARBUCHMERE[7] . A5 B (g S ATt A i) R B I R 1] BT (e, AR T & BUR
BR, S BN, R B SRR A S i TR AN AT KR I KUK R

2) MIRMBERN, $&mE AR B e I 3

BEXTG AR BB FE D 75 BRI C 28 2R 25 RO MM A8 JEA T B e A B 5| kB AR 1R Ay 7=
an DA o ksl BT L9 TS K TN A B R SR T, R B R = ok 7K Ak B I R v g AT A
A Ak 388 TSt A S KR Aol R K ) A ER L B, Y5 K AR ER T AL R R ) R R A EE S K RE T 4R
NI 5 B4 B AR RN AR TN B RE St T 3 i v5 K AL B T (K035 K AR R RE 770 Bk Ah il 7 T S S /K A 5
i REAT PSR R R RN, BURF N ZAE M BER N EE ST KR i), A ES R R T
BUR B X5 /K HETBORM 5 /K AL B 48N 98 FH 2 ZE AN A 2 B 30 DU /K IE BRI H FBOR 7= ik
17 R

3) hnsmdtERE K IR A

75 K AR BRSBTS K BRI R A T BRI 25 SR 2 — 215 K13 3 R AP/ BRI R B B B it
T AR o] LLUACE, b3 T T O A2 /KR B R A5 B I, L A SO B AR N5 /KR B,
TESL R N 1R B AOK S R G AL PR AR K IE I BRI AR B, Ses BT AR K W R4,
Hagt— 25 R A K BE B NG BRI R A2 K .

6. &t

ARICAERET DEA J5 ki) 2Eft L7 BCC BLALRI Malmquist $8 5057 BT # S FZh A& T, FEET
Tobit BEARDGS H AT S PR 28 704, MR 20 #7155 DL 75 K8 BEAEAE (1) DEA A R i BBURSmi R R 1 0L
W IR B AR B ERL 0T il AR e SR . TS KR BEACRAL 15 SRR 2B B R, H
ARG PLIE 5 ZALBOARE BAHE D ENDIR, M AL AEUR IR S PESG , Blas s K A B AR AL
BT BN 51 HE S HVS K AR FEARRIR 757 B35 K AR PR N A Dy b T 75 7K BRSO A 2 38 it O
BEo BRUb A, THAR LI AN B — BOBUR Al 1 A AN BUR AN Al (P K 3 A ) AR IE /5 24t
DAMIBE, DUERATF, BUNATTIRE, § 9 a 00 dlbisKIG B L 5 K HER ) B 157
i B KGR SEILBUR L Al AERIRAES S SRk, ASCER I, nsRisKia EEAEE
W, EHEAABAEE: IREEN, e SRS B A B s et i K SR AU, Bt
To7KIG B R
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