HF EBM &R=EAKIT &5 Tk K EE

HEZERERZIWEZESH
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(IBARFEF, IHE=R 211100)
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TAEHIZRIINRERS TR RIRFR RGN, T RS, ARSI AKSEMNmE

KRR B ISRai ., ASOEE T AKE . Tkl AR T EEEAT T E X EIEER
TERIRNIEIR, TIEINMES T EKHENEE AR SIEAErF HigiR. E5ERHEEBMBRITERITERR
5 2008—2017 F TV AR, EDRFIBSRIEHCRO 1T DAV FKMENXIHZETE, &EFFBER Tobit &5
RO AEHX T RENERNIRRR., ERER, EERKTIEFTH T KRS R N EEsE,
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BT AKSEREBE—En, EFEEHXESR.
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[X8gE] ILFT;, TAAKEE;, EBMZE,
[ PES%ES ] Fo62.1
[ SZERIRES ] A

E1E

KITEFP RS TRER . . =Kk, RN
N A A7 SVE AR IR E 5 TR 40% DL L, 78
REZFERERIHEEREEAG, (B2, EE T
TRV R R R, YT T T I 2 2 A W JREAR
BRI, —J7 T, ACEIERI R RCRAR, TAl KTk
AW H—J7TE, TR AKHEEAR W, K
TR ARE IR E ST, 2016 SEH B (KT
LT R RN EL ) DAK 2017 AR B ) (ITE
GE A A TR R ) #B 4 tH KT & G B IR e
CEBMSE. SRR NIER, 2018 4F 4 ALY
BB EEEITE IR a5l K Rk S, ik
PRE CILPURLRAY, RRKIFR”, HRERE R R
FlEI R, IRSFERIRZ, PIUFAESSCIIEE, st
MAFT R B EASAFEIAE, FIGSET, #f5
KATZ G T AR, AR T SBAR IR
AT, (I T o R A R R

1 Xk

dnferdid i T R, SEBUK SR A AL BT
B, DNt RERENEE B —, 7

e LAV AR AT B LK G0
J7 128 BEHL T I 23 AT % ( Stochastic Frontier Analysis,
SFA) | B2 43 71k ( Data Envelopment Analysis,
DEA) "%, 7E SFA J5 T, 512 % ¥ My SFA 5
A BT S S A M 77 Tl AR R Bl A AR RRAE,
PRI T AV AR BT ZE 16, RGN
P17k WS SFA Jri 1 2003—2010 A3 31 4~
Al T B AKRERAEB ST 45 8. Tk
FOE NP ™ 2 SFA J5 Bl T FRE Tl FH AR,
FHIT TR, . VEREREERE RN, SRR,
=AMIXEZE SR, RE T HARCR R, HEs
Rz, PHRR ML AR AR

1T DEA J5 35T LUk SFA 2 40P Ui e
BEDLE PR R, T 2 4435 R (192 DEA
Ji:, IS8 DEA BRL ORI, 7E% 58 DEA
J7TH , Hu &5 " 7E DEA J5dkEmt b, HUCENLT "4
TR, KIWHKBEREE AN 35
RE_LARES, IS, DEA J5iksi) iz Tk
VSRR o RRACRIRIT L ™ K X B L LR )
BANMFSIRZR I DEA B8, IS5 H 3R K &R 4
X A KRR AR I B r S . i
FVFHET P Bl T IR F S MEN IR ZHE, RH=

fEEEN: FXRE (1965—), B, RIFE, 1, MTESIF, EEMRAEARREST, E-mail:yingingmin@hhu.edu.cn,

* BEEE: KRBT (1996—),

, MEARE, FEWRHEARREST, E-mail:zknfir0106@163.com,
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BB DEA il Malmquist $840HZS G773, MHITEA
GEH B AR T T sh AR ER SR AT

1% 5i DEA f5 5 47 77 728,06 JE 72 1] 14 5t A 2 1 e
AU EF I, Tone! #EHE T AEZIA111) SBM ( Slack
Based Measure ) 5, 25 BRI 12 M SR AGRY
W, AR, 2R R Y R
J SBM fsifilfig HifE 2 e Tk s e s, diE &4 6
TV AR R w5k, Wang 25 IS AU HE T B AN
e H E B AR B i, FIH SBM-DEA A1
AT HARCE, BRI HAKPCRFER.
FHEE 2 X R A MR T AR 4k
IR RIS S A B B, R SBM AR RLN
FE 31 AN PATEX AR IR Rz, FF)
FH 23 18] AR S 4 e 23 HT T K R R IR 23 44
XAk s U R A W 4% SBM-DEA A5 8431 555
A TALHARER, IFFIH GML f54055 4T
SO AR I A

2 HiEKESIREGE
2.1 ZERFESHIEERR

AT AT AT 9 48 2 WE SR #IT, [A
INEE— oy Bl i 5N =X, Hrp B
WX EARERTT . P mra S5NE, T
WIXEIFLRA I WHALE S E, Tist
XA BT, T8 ST & e
P, ASCCIRE (A7) TakAAR ., Tkl A%
TV T B AR Tl IR BEZR AR IR, 75
& (i) T IECEA S Hifats (R
TETRECR HAT Oy 2007 SN ), Tk kAR
BIENARE = Hifatr . fSHEREEEIRKH 2008—
2018 4F (P EGETELE) (P EFFSESHFE) HE
HPGE], BNTHALRRA SIS 1 R,

&1 2007—2017 FRISFFRN-HESMmAMERT

SBM ) B0 T HE ATt B (85 BT o e R e
i B/ﬂEZ IEU H/‘J H:WMEJ%\ s 13 H I ?ﬁ%ﬂﬁﬁ%”é\ e TFRM AZL / BA 642 55.42 | 187.05 | 127
R T SLBRACHEE, NP —[R]#8, Tone HOE  TEAGAEERE / 5T | 198111 | 1508 | 44895 | 3949
Tsutsui'® #2 1 7 EBM ( Epsilon-Based Measure ) TWEEEA/1Z7T | 38880 | 1771 | 10522 | 7498
WA, GREERAUE, FHGEN ﬂiii? rjjtlj Iiiiﬁ?gigit 23613071630 :3 ;Zz 881 898622 66226301
5 SBM WiZHEBSBRATL, RN soeaiRie  —— —

RV A SR 22, T EBM MR BE T 22 5517
LA KERRCR, 25 " B EBM A8
B E 30 MR T AR, FERHEE R
A2 (RIS AT Tk SR A IR RICR i 25 Rl
Stk

SR, H AT E AN IS T KR
()23 ] 22 AR N PR 22 T T U T — @ R, (BAE
R Ffebrde s B E—E M ERYE, —HE
A SCERATAIF G Tl FH AR N K 2 (d AR [ sl 3R E
[v] 2 PR AL SRR, A S ECREANER. 5B
— 75 T EAT SOk % A Tl g VR AR EE 2 H ok
TR TR IR, 2R AR TR ACE LTy TH 2R
FHEA. B, S0 EBM R R Tl FH Ak
AW, ARG AR B B pR AL, (R
FAENR. AR, BTG EA—THEA
tw, WG CEAEROT BRI, A AFEIMRR
h, WG, FIFHZER (Theil ) FEEOGKIT A5 Tl
BRI 23 22 S IR R T 204, TR Tobit
TS 3T MR TV AR PR 22 DU D HEsh KT 4
B TG Atk R ALEU R L
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AR ) EBM AR, AT DL il SBM AR A
B, sEAENSAMRERAAE, RESLAMES H
FRAEZ [ E 912 .. EBM IR SR 75 72 HY AN AS 11
ST, SRS ANEIEWET, DAk B
M, XA N A% 50 (Decision Making Unit,
DMU), ith DMU, (j=1, 2, .., N); £/ DMU
MBEEN, itfEx, Gi=1, 2, ..., M); sFpH, il
E y, (=1, 2, o, )5 X={x, eR"™, Y={y,} eR""
ST RRBANFE AR, HX >0, Y>0; ABANE
AT I AL AR EBM AT 7 0N

-

. w,s,
r*=min 6 - sxz4
=1 X

[l

N
sty x, A —0x, +57 =0, i=1...M (1)
j=1

N
Zyrj/ij =y, r=L.,s ﬂj 20,57 =0
j=1
(1) H, e @A AR BB 7 R,

Wi 0<r*<1; x, My SEPHRETT kI i BN
G r B O AR MBI H H R M A



NIEFRANEL S; RSN TBPRIIAS A L, AT A
PCHTR T A HAME T RIRE R ZE I E s w, &5
NTEARHIRLER, SR BRI A ZP R RITH
MM G R e AL 0 FIARIR ARSI SC4E
250, BUETEHEZ 00, B0 I HE 24 TR la i, B
1 A4 F SBM A, =0 (1) MR AT &
B () MZEEEARREE, BINRINY =1 M2,
AR AR 748 () T K2l AR 3L
R, THIHAERT AR .

EBM AR AT

(1) @it SBM HERIAGH (45 T AR AR 852
X, =1, 2, 0, iy jy oy mo

(2)'S(%, X )YMD(X,x )%, XHH
[ e (] PR S B B R B T 4

s(X,X,)=1-2D(X,.X;) (2)

n

Sk, 5|
—_ s=1

D(xi)xj) = ns

( max min )

0 s (l/[ Cmax = cmin)

ija ij

(3)

s (ZJr cmax > Cmin)

Hrp, ¢y, =ln()_c[a/fja)(i =1...,m;a=l,...,n), E,./:ic[ja/n,
Coe = max{cija} , Coin = min{ciia} o .

(3) ML RHEFR ROEFE, 7157 EBM 7Y
HIZH

m_px .
e.=dmoy W m>h (4)
0 LGf m=1)

M}i = Wx iwxi ( 5 )
KT FRE, CHIETRANS A FUER A
AR [ EBM ST fE 5 8 EBMA-I-C, ZETHEA S, #
R TR A EBM R 7 5 EBM-I-V,
2.3 TRIEH DR
RSCAH P 28R 45 %0 ( Theil Index ) SN EE Tl H
AU IEFRRRSE, HE TR, K
SRR DX N 25 S X ) 22 5, R 2 A it
FFHT . ZEREe B A AT IR

lwn e, e
T=-)" Zin= (6)
n21=15 (E)

Hrp, TR T AR E IR LN RARE e,
FoRig () WTAHEAKTE; e ZRKITAHT

11 ANEGHFA AL ARER o

TIRER U ER AV AR I f e bR 2R R
FTFT AR IR o BGE n AN IMARHIREASE 73 K A4,
TFHESBIN g k=1, ..., K), %k g THMREL
HAn, WA Y n=n, e FoRE kAT A

WE, T,5 T WANEEMANERE, T,AES L
LA, WIZE/RES ST DU AT T

k
Vi
T = In (7)
’ Zfek (nk/n)
=Y e (Y Sl (8)
i ieg, € 1/ ny
T=T,+T, (9)

N GGl
Q—gzekln l/nk , leg;
=, "D K AN R Tk D, 1
A Z= PR BT D, 43510 «
T,

Dk =ek-?

(10)

(11)

D=L (12)
T

2.4 Tobit 282

R TR ARG T ACSCRIN S 22 315
WAL, SRS R e, BT
TLEGE B AV FHACSEMBEALAE [0,1] Z 8], J& TR
FASEE, WESRIIICE OLS & SESHIbI B2 A7
(e AN —2 1, PR RS0 % Tobit [R]J94518 461
BRI PR

e, =0, B .pi Bl Bsr B Psg e, (13)
K, e, BKITAETN 48 (M) FFERN T AR
Hy o TR pu his ris Sus g0 R KL ARG
HAERA () WETTREAT . TAHERE ., HR
KL K EHRELIRFI BT IR B B Bo B
Bov Bs RFRKRFEL &, 2 BEHLII

3 LSRRG
3.1 TIAKEERNI=ES

PRI RoR, JLSRETC IR 2 SR R
PRI 1 Syl SRk SR B TT R D RIS T 525
MR E AR, ASCRAE AT s HE0 k #oT
BEATINRE, BCER N RN 2, a2l E—FHI%L
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RAHH YEREFENRAT B EIFEE, IR
TS E] S 2008—2017 4, BARSE RN 1 R,
1.2~

——

0
— GEEARRER —— AR - - BRI

1 2008—2017 FRIIZEFHFEF TIWAKEERAY
R, BRAGESURYE

MIE 1 ETLAEHE, 2008—2017 RT3 HE
TAP KRGS HEARNE BT 1, TALHASCES
FEFRTE2S[H], 7E 2008—2011 4F Tl /K3 3 5 F
Fr, Tl AR S, HH 2011 FLSRKITAB
PR T FKFCRE B B TR, WAk KA
FRFEIE SR TV &G KRR, 2RI T 43 Tl
PEARKHEL, ST TG SIREE 2 Bk AN UE
TEOLH I,

MR i 25 KB, A 2010—2017 4F, HAL
ROB—H = TAHE AR, HAE 2008—2017 fE4H;
ARACE A B2 Tl A ZE G HARRCER W gh i = E
PR, 33t I 45 TR T TAE 43 1 Tl FH RS PR [T e
B AR TR AR A, S Tl Kk
TRz Hi s AV AR AR

I 2 Rk E, KITATH b X a3
OB, LIS I DX AL T (B SR A 7K B
BRI KA I IX A 4 N8 TR A {E i
1%, TVRAKBCR B BFRET L, WiLar)
T KA SE AR, P48 P T AL 5
= =0 mEARNG TR SRR,
1E0.8 LUT, AT AR, TR KA Tl
HIMEZ (B ST

M FREERKE , A ARBET T, KT
TWEHBIX Y 3 N8 T AR R A AT 0.9912,
BB, RULX 3 AT T KSR E K Ak
BEFEEARHAL TS AT H I X B Al R 3
BAK, KITHA X R gee Tl R, SRl
B, TAFEARE R, Tl Y ™ E, £4 R,
AT FIF R F A SN A R IR oS Y, SR
TR X P A A S R S T, V5 3= Al
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2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

®2 KIISFKEITIRAKEEE

i/ X TE:EBM-I-C PTE:EBM-I-V SE:EBM-I-V
g 0.9342 0.9475 0.9857
Ina 0.896 6 0.957 9 0.9333
mIg 1.000 0 1.0000 1.000 0
HE 0.8849 0.907 2 0.9748
IE 0.8889 09198 0.967 3
b=} 0.8733 0.8885 0.982 1
HHEEE 0.9711 0.9825 0.988 4
E s 0.985 4 0.996 8 0.9886
IS 0.969 5 0.976 7 0.9919
S=ME 0.7245 1.000 0 0.7245
PNE 0.704 6 1.0000 0.704 6

TREHEX 0.9005 0.9912 0.908 2
X 0.860 1 0.9452 0.9030
EiFX 0.844 5 0.955 1 0.898 2
ISUN 0.849 3 0.965 2 0.8799
XFEE/IN,

TERUSERCRACE T, T i X Tl FH ACHL
TR AUEAE =/ X AR, SX R T i X
BAERE N BTN AV AR 2 Rl T & B A il
AT TR IX ) Tl A AR  0.9082, FE=>
X R, BT I X Tk R YR
FACHS YRR G 1, IEAN, fEARET, W
ARSI T e A, SEl T T K-S Tk N
(AR YL A T KRR E N 0.9333,
WAL, S58TLAE NS EdRRE, LA
WA AR A e i, T A PR B A, B
PN 2 St S s g b, SR KSEE
T, TR ERHIR, BRI ZIE R T
B, THEINE S=mA M T KSR 0.7245
F10.7046, Ty E TRITAFTHAE T, =,
P R AT T, BB IX TS i T Hofth
o I, P RTAER, 70 RIEBZET I
B, PREEPERCE,

3.2 TIvR7KER X ZERIAZ R IR E

KT FF I T KRR R =R, AR
FH Matlab 12 REGE R LA 5 75 X3
SCR(EZEFT AR, b IX SR ZE B4 N HX (Rl ZE B
R PR, FrE ER AR E R TR

%% 3 7R, 2008—2017 FEKTT 45 Tl K
RCRAEHLIX ZE PR ZR/RAE 4L T2 T, ) 2008
AFIT0.0130 YBh EFFEE 2017 4E[9 0.0139, 2184 iE
0.06%. IXFIARITE T Tl AR By IX 22 B



&3 2008—2017 FKITEFH X EZIE K ARREIEYS Tk K A ZIERI SRR

Fip RMAZERE (T) ;;IX@%EE ;%; = :;—: {I;WDBTEEE%;;;{ TR OIBE | PRI | XK EEER
2008 0.0130 0.003 3 25.38% 0.009 8 64.62% 0 40.31% 34.66%
2009 0.009 2 0.002 8 30.43% 0.006 4 69.57% 0 21.67% 48.24%
2010 0.0145 0.002 8 19.31% 0.0117 80.69% 0 18.20% 62.35%
2011 0.0106 0.002 6 24.52% 0.008 0 75.48% 0 12.41% 62.66%
2012 0.0167 0.005 1 30.54% 0.0115 69.46% 0 3.92% 65.35%
2013 0.0109 0.002 6 23.85% 0.008 3 76.15% 8.71% 3.09% 64.35%
2014 0.009 3 0.001 1 11.83% 0.008 2 88.17% 13.31% 8.01% 66.83%
2015 0.007 9 0.000 4 5.06% 0.007 4 94.94% 10.41% 36.12% 52.84%
2016 0.0123 0.001 1 89.43% 0.0118 10.57% 24.38% 31.568% 35.29%
2017 0.0139 0.000 5 35.97% 0.0139 64.03% 19.78% 27.19% 48.39%
Fiy 0.0118 0.002 2 29.63% 0.009 7 69.36% 7.66% 20.15% 54.10%
TR Ko WIIRIGHU ARG, HIXNFB2EHETT  Fisher VAW AR A T B OARKE IS, p (BN 0.05 F1

Bk (T,) RYLAME 69.36% H T Hb X [H] 22 B 51 ik 2R
(T,) HIFAME 29.63%, HCHl X P HB 22 B2 id i KT8
B T KSR X 25 B TR B IR, 3X B
JRE 1248 /Nt X PR 22 BEAE A i /N Tl AR i
SRR TAEREE £

MERIKI A ZE I T, 5Tk g, KL L
HIX BT, YIEN 54.10%, =, S Tl
AHBRCRAR, 51, WmpithZEE A, KT B
PRI 2 SRR o R T8y DX A 08 28 B ) 2 8 Ji
Ko MRS, KT T i X A TR 425k
A LFREES, BRI T AR R TR
Pt i X ok TR AR, XK A
T AARRCRZE RN I X Tk 2 9 5l
TEEES, BTk B X kB A S s TR
ST —ERS: .

3.3 KiIIEFHE T AKIEZIE RS

FEFEAE AT R S b, ARSI T AR
AL TAACRREE | FARACE . ARSI ER
BRI AR 5 MR R T A5 L =K
DX M P AR B T 48T o HE DG 52 PR 22 e R
VLI 4, HHRIET 2009—2018 FE54 10 (Gt
THELE) (HREIRSESITELE ) MEEGIHEE M.
F4 KIIEFE BRSNS E A0S ik

HXTE |65 S
ERERKT | p NHREF=(E
TiEE | TAMEIE / R

FARKFE r Tolkibol R&D 225 / X AEF=ME
KBRS, s KABFRSE / WXEFEAOD

HRIMEEHNE | ¢ | TWSpamsmiss / MRErERE
B, MFESHLLE HiE i LLC ¥ F1 ADF-

0.00, H/NF 0.1, FrDAEE A E AR, H
K, FIH Kao K460 HIAARESR A T LG LG, p (BN
0.00, JHEEPRERLS, KAATBEIRE AT A3 T Tobit 5
RAEA 5T o

x5 BAIRRIHERIGER

KI5 IR & rfE
LLC -15719 0.05
ADF 187.042 0.00

p 210.765 0.00
Kao -3.565 2 0.00

e, WA I T T Hauseman #6565, p {H
9°0.00, UiHITE 5% M & HEACE R R,
TR 7 A 7] 52 250 7 TR MRS TR, K SC3E I stata12.0 %044,
I FH 52 T AR Tobit AHUAZE] 2008—2017 FRTEBT
A HE A R A5 DXk T P AR 5 M PR 2 1 [ ) &%
W= 6 iR

*6 KI&ZFER=XitXEVIER

BETE | KISNT | TEAEX | X | EREsX
P -0.0004* | -0.0002** | -0.0001* | 0.0002***
h 2.8365"* | 0.2628 1.200 1 4,626 7°**
r 0.0014 | 0.0105" | 0.0010 0.0033
s -0.0006" | -0.0798" | -18.476 0" | -7.6135™
g -0.034 1*** | -0.06524 |-0.04823* | -0.022 2**
EHIN -0.0609 |3.5531*** | 0.8863* | -1.1230"**
A 110 30 40 40
Pseudo R 0.4581 1.358 4 1.390 1 1.9116
Log likelihood | -24.3495 | 4.2071 -5.296 4 17.307 6

S DBIRTRIE 1%, 5%. 10% KETREE

R 6, SN ZRAVSLEES R BT T
(1) BFRBACTAE . MATTETHT Lt X
M5, EUkEAES T KPR EIEM R, &5
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R RACE- IS A R T R AT G i Tl 7k
F, KITEFT LI IX 25 K e /KF- I H A2 50
0.0002, HPfEHAMZEAET, AY GDP 51 1%,
Tl FZKRRCRIETE 0.0002%, 235 KB R, 7T LRA
o B 425 5 1 S 5 NG ) N O = O 14
AR, KITAPFITFRAFHII T, it &
BERJEACERIHZREC T, G5 R EACTES TAl K
SRR R, KL R T LS, &
R R R, B A T B s 7K R YRR 7K PR
sk T TR

(2) TAALRERE M T, TR R R KT &
FEHFREOR T KRR A IEMEH . B=AHIXCE
F, TR B XA, Bl X T
Wk ERIE, PRI, Tk KSR
W, TR AR OMHIT NI . et X2 i A
B2, RN e b EE AR, Tl
AT FESE IS A TV ZRSCRE RN, B EE A
TANATIAFREEAT, S mEREA . R AR,

(3) FARACP A BEARICER AT AT
A5 X TV KSR R A IEREH . KITERF
HPRERFE RIS 22500 0.0014, HEAIHIAE A BTl
il R&D A d7 GDP [ He B AL kb X
ANEE, FHERN, SRR Ega e, Tt
XA TAEFAREEAR, Tl KA B AR S Tl A= 7 5k
ZEY), 24 R&D FASGIN, Tkl S E 5] A&
PR, (RRFEREE R R Bt sz
PR FERRRERE AT, H s e .

(4) ACKIEIR A, AT ISR 1 R 2GR N
U, PRI T KSR R MK
LAV RIS kR, KRIEELIR R A 1,
Tl Z 3 2 (A& U R R R AT BB T KRRk
HE, AT A P T BT ANV AT KR
Jsk BRI

(5) BURREEE SIS AR, MR RKE,
FATZ G0 = Kl X BURF PR B 1 7 B2 i [ 05 Z 4K
R, BURMSEE S S Tk AR Z [l
K, BURFPRES A 70 B s I F s A e ik Tl ARl
T, PR TR E H A HE S Wk i AT
3, LNV AETE ST R B I FE I, V5 HeiR R
BA S TG TR AGE A 72, BG4,
AIRFHAERR ., 1eah, KITEye i Tl b EAL
TFHHERRRT, SHEMGERARATER, TR AIIR
BRELSR S AR 25770 Tl =, BAKHIRE,
HRITEG TSR T SR A i & it
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o, Toll AR B — T
4 FHieS5EIY
4.1 EBGL

AR EBM BRI AT T2 5 i 54
(T7) B TME ISR, [R]INF 5 Tobit HIAUERIT S
TTLEGFFRE R 3 . rpo R s Do R 22261 T
T, HEITEE:

(1) AV KEEERARBER Y TR, iR
WA T R G  AER Tl A R R,
SR MY AR AR, BT MY AR R %
AL AR ST, TR T 5 RIS 2 (A
Ao

(2) NRCRGREFRAKE, AFHXTEIRE AR
MER o AT B XA ROR R R, UBERR
B AT X AEROR ARG, UBERR
LT AN e S PRI N =3 SR 20 5 L EF N
BRI HERITFRA G, Bl TEETZ R, B
BEAD BRI I B, MUSERCRIBAE,

(3) N[ S PRI ZEN AT AN R i DA
o 2T Ll X e Ll AR
AR PR N DCSCRAE . TR L35
MXACR A3 028, X Fie Rl T e X Tk KR
SO/, Hh_ Bt DR T AR P BRSPS A7
J&, ALK R&D HIE NI S AEURR . KT
SIS =M X A Tl AR IR, BURFE
SRR R = DT AR

4.2 BERER

(1) APBUR R EEARE i Tl FIACH A, 2
BETAD A SRR R E S o RO e Tl ATl
ARACE, SEIR AV HACE ARG . WIF A T
AKAGIARI A, BT e T IME Tl A 7 i,
[7 e e Tl R A BRI, BRAE Tl A ™5
FEHE AR TR K

(2) MRAEA R XIS DL, B0 3 35 A A1
P, B R ERIBOR . T B IR, 2T
RIS I A Sk s Al
KRR TR ORI, SR Tk AT
FeBlEr . T 250, ReaEENAIRRER, BRIk
IR T X AT IR, AR AL A
AR, R TAERORARE, > TSR 25t
FA SR TH S



(3) #im T KRR ARG TR, MR
W MR i ML I AR o AN RACTT B
Xt R Y, fim B X TR, KL
DFA 5 TP AT R i e Ml A R TE [ AR
TR, BREG I R b X Tl Al R A
MR IT BT R UL, Mg A R AT ORI
W IIRAMRRGE TR, SN TSGR BT, 5
S FES VP AT REANYS el gk B, SEitish A BT ER
BN, Feor KA AR BRI o

SEH
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Analysis on the Spatial and Temporal Differences and Influencing Factors
of Industrial Water Efficiency in the Yangtze River Economic Belt Based
on EBM Model

YIN Qingmin, ZHU Kangning*
(School of Business, Hohai University, Nanjing 211100, China)

Abstract: With the acceleration of industrialization, the demand for industrial water resources continues to increase, and the discharge
of industrial wastewater is also increasing. How to improve industrial water use efficiency (WUE) so as to relieve the pressure of water
resources has become an increasingly serious problem. In this paper, industrial water consumption, industrial employment, industrial
fixed capital and industrial wastewater treatment costs are selected as input indicators, and industrial added value and industrial
wastewater discharge were selected as expected and unexpected output indicators. Firstly, EBM model was used to calculate the
industrial WUE of the Yangtze River Economic Belt from 2008 to 2017; secondly, Theil index was used to analyze the regional gap of
industrial WUE; finally, panel Tobit model was used to analyze the driving factors affecting industrial WUE in different regions. The
results showed that the industrial WUE of the Yangtze River Economic Belt fluctuated and declined in recent years, and the efficiency
difference was obvious in different regions. The level of economic development, degree of industrialization, level of technology, water
resource endowment and the intensity of government environmental control all had certain influences on the industrial water use
efficiency of the Yangtze River Economic Belt, but there were regional differences.

Keywords: Yangtze River Economic Belt; industrial water efficiency; the EBM model; the Theil index; the Tobit model
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