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Fifi L Hij 715 72 (Stochastic Frontier Approach, SFA). H
FH 4317 % (Distribution Free Approach, DFA) FlJ& {ij
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BORG B A pRR I 5 PE Y (BET A,
2009; 2= 4140 45, 2012; £ K 245, 2009; ¥ 4,
2011; 5K W31 45, 2012) 3 i FR rp i B 2R
BOR(ZEAAE, 2005; SRR 5L, 2012; #BHTAF5E, 2008),
DL K 3k i A 3580 2% 5 3 T AR 7K 199 06 R (BT T 4,
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SRR, B ETR T A RCR ST DL SSIE R
Z B HRNT R A, I R AR R T AR CR B
MM 2 — o XA S &5 kK
A XA MBFFTE D, L, Wl 78 X3 AR 350R
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F Y HEIX (UL fIFR K =" )WE R4, AMATE
205 R T R AT T KR e AR
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H:1980-2010 4 A3k T ALK 5 24805 R KRR &
K RMATIUENE ST, L P 2 B ) I FE R, R
At DX s A 0 T A AR N (X AR 22 B K SRR 5 TR

2 JrikEEE

2.1 MR

A SO ST Y 235 [R)FE FERK = MAIX, f 4 16
AHIHLL B, K=K, X E 4 w2 10.5
Ji km?, 2010 4F A 124 8422.7 J7 A, A¥J GDP &y
62839.69 7, A4 : LI (B AT M TOE M
T M Rl I B T EE 2 N R
FHL A, I 1638 .

22 IRA*E
2.2.1 DEAFRL I AR

DEA Ul (.45 53 1) & — PP PR R A 2 8, J2
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RN SR AR 2 4R bR AR Z A8 AR
) 28 7R 1 e 56 BT R A 7 A XA A0 B 25 A
() —Fh R G HT T, B CCRASERY 2 J5 i A
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FRAR U 5 2 AT 78 Y, B CCR A R /8 S BCC 7Y
(ZELTHREE, 2012),
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PRI it Ak 08 2 BRI () AR HE T
DMEN BAR(ZT615) .2 7 BRI R G007,
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TR B RBORIEEL g(0) WA KI5 G 465
kMVEAS BR, — 2 <k<<5, H1 TS SO B e g
TR BT K A AT R G W HR &
FERLRY kB2,

2.3 EERRERGE

HR 8 B 6045 20 BT 7 VR 2R KK — A 16
TR R RTE, RPEM A i Ak [mIist
YT AR AR e Bk AT AR A R 0
BRI RGO RBARGAE RS, e 45T
BIF5 8T AR o EEA AR SR,
H(12TT) I [ 9% P 1509 B (12 o0) Al
AN BLOT N) B i X T AR (k) A RS2, 30T 1k
R (%) AR EHACTT) M R (FE ).

2% R A LR G SO, 45— BEHR 14
ANGEHEFR(FNIHIEE, 2009), BI : A3 GDP(IT) . A
P B2 % On) A BB A (O) AR 2
T T i S OT) NI B AR B OT) AKT TR
AL A CT) FE R T TR o) ARR ™
FEEE (%) 6 ==l e E (%) A Tk B = {EOT)
ZE TR HG R U (%) S PR A AN B2 4 (7 92 78) 0
WA GDP L HEE (%) M3 8RS GDP (%)
2.4 HEFRIR

AR = 16 - LA L3l A Xt 4, i
() 355 2 24 1980-2010 4F , NHIHEH 1980.1990,1995
20002005, 2010 4F 6 >4 3R 1 iof [6] 5 0 I e fF
%o M E I 2RI 5351 F 19831994 1996 41k
B A F S L o 0 S v A R VB GEZ S (S B L QI F
B FTA T TEUIX R LA 2010 4F A 4E

B IE T 19901995 .2000,2005 . 2010 4F- 4%
o E R &5 it & & B 1A s 1981.1991
1996.2001.2006 2011 4E_FIEETHAE4E) ((TLIR S8

F1 HHURETNIERER

Tab.1 Evaluation index system of urbanization efficiency

THER) (IVLGEHARSE) A TGRS (LR (R
35 WAEREFR—TT.I5 60 47) (CHITTT 60 4FGL T HERHL
G )25

3 AR50

3.1 BFRBAEREZHH

iz 2 AT, it £ RS TR
TEALEE (2 2), 4 5 H 5 1980.1990.,1995.,2000
2005 .20104F- 6 4] fi & = A1 16 T2 5% K K
LA TREGER3).

K2 BFRBARFGEEHHVENE
Tab.2 Estimated weight of composite index of economic

development level

Ei=tan W $8hR I
A GDP/IC 0.1 BRI HE/ % 0.1
NHFEEEEST 0.1 H=MLHE % 0.1
NI BOBCA 5T 0.1 A TEHE/T 0.1
NI AFTERREHIT  0.05 LUK/ % 0.1

NYIREETERAHOC  0.05 SEBRFIHSNEB/ITEIL  0.05
LA REABLT AL 0.05 WEURA 5 GDP ELE/%  0.025
R TEHTEST  0.05 AMHO%IL GDPEE/%  0.025

TR FRARHAL TEFRETTAI S

PARG MECUACT E SN
IRERL E B PR B AACTE B A
UV W NTPN 5 AR
S DX TR ke I

LTREESS WS it (AR €0
g H/ALTT LU

%3 19802010 F K= 16 TR F X BKEEAEY
Tab. 3 Index of economic development level of 16 cities in
the Yangtze River Delta during 1980-2010

19804F  19904F 19954 20004F  20054F 20104F

i 05099  0.6010  1.1181  1.5331 2.8762  4.4627
Fa 03342 03426 0.6223 09132 1.6372  3.0503
I 03000 0.3371  0.7036  0.9490  2.1068  4.8942

Jo# 03251 0.3385  0.6665 0.8401 1.8780  4.8619
HM 02767 03037  0.6003 0.7011  1.4575 2.8833
M 02240 0.2547 04023  0.5455 1.1941 19133

I 02209 02745 04822 0.5280 09486  1.9697
HYT 0.2582  0.2860  0.5880  0.6051  1.1221  2.4711
ZEM 0.1938 02227 0.4010 0.4906 0.8463  1.7338
Bl 03070  0.3903  0.6458  0.8265  1.7465  3.8022
T 02729 03681 0.6436  0.8112  1.6807  2.9396
F4 02573 02993 05633  0.6684  1.3938  2.3966

W 02422 0.2806  0.5405  0.5803  1.1007  1.8802
4% 0.1941 03431 0.5584 05924  1.2853  2.1895
G 02422 02489 05224 0.5206 0.9507  1.5698
FHI 01915  0.2806  0.5014  0.6561  1.3086 2.2771

Yy 02719 03232 05975 0.7351  1.4708  2.8310
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G 3 H Y %diE , I Excel ARCGIS10.0 7] 6 7

251111 1980.1990,1995.2000.,2005 ,2010 4 = :gggz
16 T4 T R AKTFLE BB R A AT (B 1) 5 m 19954
23 [ Aies Jey L (B 2), FEAG45 T I 28 0% K ST :jgggi
SG4TSR B R B P B Y m 1057
W LA R, 4 R AR K = £ 16 ¥
NS 2 R K, A A 428 3, F £
M3 E T E 2T LA Y, 1980-2010 4F K = ﬁ )|
16 T AT K JRACE EEEE LU RAIE - Efi
(1) ISR AE R, 30 4F A = A 45 T 28 3F L
RIEACE2 I F s, BRT (D 1980-1990 4F
T R K4 22 AR T A I R AT, Ay 04
1512 {?‘7;2%7kﬂ?$ﬁ%7£ @ 1990-1995 4¢, 16 i 1@ ] ﬁ i E & ﬂ z E {‘f H}; =X X = £ = a:
AT 22 5 R KA T IR BEROR, 22 5% e et 1 1980-20104F K =i 16 £ & AP Ak
M, XAl lﬁ 1990-1995 44 [ 28 3% 1 o K S ) K Fig.1 Changes of economic development levels of 16 cities in
A ;B 1995-2000 4F , 45 TH A TR K JE 158 hy the Yangtze River Delta during 1980-2010

a 19804 b. 19904 ¢ c. 19954
il lfﬁ

71 Ifﬁ

0 50km
WS 0.1915~0.2240 WS 0.2227~0.2547 WS 0.4010~0.4822
thEs 0.2241~0.2767 rhEEH]0.2548~0.3037 rREEEL0.4823~0.6003
B 5 g AT 0.2768~0.3342 W IR 0.3038~0.3903 578 0.6004~0.7036
Bk 0.3343~0.5099 B A AD 0.3904~0.6010 ik 0.7037~1.1181
d. 20004 © e. 20054F ! £. 20104F

0 0

WS 0.4906~0.6051 WS 0.8463~1.1221 WS 1.5698~1.9697
AL 0.6052~0.7011 rh&85)  1.1222~1.4575 rhZEH 1.9698~2.4711

I A5 TR 0.7012~0.9490 W R 1.4576~2.1068 AT 2.4712~3.8022
WSk 0.9491~1.5331 B LA 2.1069~2.8762 B %k 3.8023~4.8942

[#12 1980-20104E 1K = £ 16 TH 4 1% & /K23 (0] 43 A M )=

Fig.2 Spatial distribution pattern of economic development level of 16 cities in the Yangtze River Delta during 1980-2010
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G212 (@) 2000-2010 41, 25 T 2855 A SR /K P-4 v Mg 3
LN S-S =Y S i S T DEZ e 2 T e b
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(2) AR Akt Je ok, 20k 30 4P AR K =
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A SIS B A 7 I | B A5 H 4% TR SR BT RICR
(F4). WIRLRBRCRMEN 1, UL AR= K
SEIASCRA , RO A BB IR A7 Y AR 9 7 H 4R
B AN RUBRCR N 1, 4B AR BCR /N T 1, UL R
SRAZEL T B AFBEZ 51, (H o R B AR H AR
IR ISR Al H AR R 1, AR /N T 1, B
R 40 358 A R R 25 K- E o S BRI AR
230 18

HREEAE G145 53 BT (1) 2855 10 L, ISR BT
AbF A PERTUT R , B DEA A 3%, RSBl T # A
FEH B ERAIRES . NFEATTLIAE 1, 1980 4K =44
16T H, B IR0 B8 (T E 2% S 6 T Y
afi H R BRI R 1, T S B
37.5% , T EH 30 S 1l DX AR RIS S B T Rt
ZEAROR N UGB T AU R AN AR 3T At
TR AT 2, RR08 ™ s 5 [ A AR
T, 5238 DEA A 2K

19901995 ,2000,2005 , 2010 4= 3 25 34k 77 43+ %)
Sy g RN e M N AR 6 T, TR TG
By VT RN % I A% AN SRl 9T,
XL It I LI S P B2 BV AN = B IS S M T
7, B N TE8 il RV ZE T 8
i, F o R ZE N AR 4T, o B R
37.5%.56%.50%.50%.25%., EAKE K =Mk
F A= 3T 30 4 8] 2 BUAERE INJE R A
£ I I N = Rl 1 1 o IR Y- e Nl £ O
2005-2010 4F:[H] R T A B

AR AR A 7= T T A R RE SE B DEA A2

TP ERTG . 1980 AF UL HE I 28 Dok 1) 3ok T A e it 7
N FEIN AT, IR S 25% , KSR
HA IR T A N VBT GBI 2% Bt B 6
7, 3T ARG 37.5% , FE X IR TT IR T s 1 T
AR I B IR B AR SRR A, B
BAL Z AN RIS

1990, 1995.,2000,2005 , 2010 41 KA+ P 126 ok
3T A S B i RN R B LT B
TU AN 8T, L F N O T
6T, [ Fa At R AU T ST, R A CE N
B BN EE % N 6T, B RN L B L H
M I YT BN T EE % A BN LT,
I3 90 5 BB 56% .37.5% . 31.3% .37.5% . 69.8%
19901995 .2000.2005 . 2010 4F H AR 4R Bl 126 5% Fit Ik
MRS 62T, T, M 8 522% 3 1T,
R M 27 W, A5 R 37.5% . 12.5%
0.18.6%.12.5%.6.3%.

ST, BB M 328 ok 1 30 T ) i 22 T A
TR 326 384 A 3n T, Dl A K B TUAY B A S
X T A IR T AR RCREE T OB A . K3 W]
DA 08 A B2 e 30 4F ] = A 3k i b 8o A2 £k
1 3 e B AR Ak

H &3 A] LA Y, 1980-2010 4F-K = f i 1k 25
BRCE R AL T R i —22 g
I —F R — 2RI B AR SR S R
TGS F2 P 328 U 1740 3k T SR A S 2 P T 2 3 i —

127 - mamEn
= FLE A
& LR

Wi~

19804F  19904F  19954F  20004F  20054F 20104
K13 1980-20 1044 —Ali e 3 Jelity i s
Fig. 3 Number changes of cities of three types of urbanization

efficiencies in the Yangtze River Delta during 1980-2010
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F4 1980-2010 F K = 16 T L R
Tab.4 Urbanization efficiencies of 16 cities in the Yangtze River Delta during 1980-2010

1980 4% 1990 4 1995 4F

CRATR AEORACR BIBUSR MIBHRM LR AR AiEORFCR MISEIE BRI S350 AiEoReR MBTIR MIBLRI

1 1 1 1 - 1 1 1 - 0.516 1 0.516 drs
M 0.803 0.971 0.827 drs 0.927 1 0.927 drs 0.491 0.687 0.716 drs
vl 1 1 1 - 1 1 1 - 1 1 1 -
% 1 1 1 - 1 1 1 - 1 1 1 -
HH0.755 0.763 0.989 irs 0.804 0.83 0.97 drs 0.944 0.944 1 -
M 0.958 0.972 0.985 drs 0.948 1 0.948 drs 0.749 0.856 0.874 drs
M 0.704 0.707 0.995 drs 0.919 0.971 0.946 drs 0.871 0.872 0.999 drs
BUT 0873 0.917 0.952 irs 0.765 0.833 0.919 drs 1 1 1 -
#FM 0.656 0.722 0.909 drs 1 1 1 - 1 1 1 -
BeM 0.968 1 0.968 irs 0.998 1 0.998 drs 0.822 0.988 0.833 drs
T 1 1 1 - 0.699 0.728 0.96 drs 0.759 0.946 0.802 drs
F 1 1 1 - 0.489 0.49 0.997 irs 1 1 1 -
I 0.961 1 0.961 irs 1 1 1 - 1 1 1 -
B 0.669 0.689 0.972 irs 0.709 1 0.709 irs 1 1 1 -
B 0.522 0.652 0.8 irs 0.727 0.746 0.975 drs 1 1 1 -
Sl 1 1 1 - 1 1 1 - 1 1 1 -
S 0.867 0.9 0.96 0.874 0.912 0.959 0.885 0.956 0.921
20004F 2005 4F 20104E
ZERCR ABARRCE MBRCE MBHR GERCE AHRRCE MIBACE MIBURM e R0E A RECE HBRCE FUBHHR

¥ 0.806 1 0.806 drs 1 1 1 - 0.824 1 0.824 drs
ME 094 1 0.94 drs 0.82 1 0.82 drs 1 1 1 -
vl 1 1 1 - 1 1 1 - 0.751 1 0.751 drs
&% 1 1 1 - 1 1 1 - 0.775 1 0.775 drs
N 1 1 1 - 0.879 0.96 0.916 drs 0.999 1 0.999 drs
B 0.86 0.911 0.944 drs 1 1 1 - 1 1 1 -
wM 0931 1 0.931 irs 0.959 1 0.959 drs 0.854 0.917 0.93 drs
BT 1 1 1 - 1 1 1 - 0.925 0.974 0.95 drs
=M 0.987 1 0.987 irs 1 1 1 - 1 1 1 -
B 0.821 1 0.821 drs 0.712 0.813 0.876 drs 0.534 0.987 0.54 drs
TH 0971 1 0.971 drs 1 1 1 - 0.549 0.959 0.572 drs
2 0.936 0.998 0.938 irs 0.753 0.773 0.974 drs 0.809 0.859 0.942 drs
T 1 1 1 - 0.684 0.732 0.934 drs 0.869 0.924 0.941 irs
2% 1 1 1 - 0.911 0.972 0.937 irs 0.837 0.942 0.888 drs
Al 1 1 1 - 0.97 0.979 0.992 irs 0.793 0.888 0.894 drs
FHl 1 1 1 - 1 1 1 - 1 1 1 -
FH 0953 0.994 0.959 0.918 0.952 0.963 0.845 0.966 0.875

T SR ARER=BATR A AR 5 “ drs” FR AU 5 - F AR AL 5 “irs” 275 MU R 5 An SRHUAAT I 25 4 2 9 17 %

SENBEATK -, AL 196 I3 B S 2 D AR o

SURIR > — G 12 0 > — S8 B — R i 5
TR R S B0 e A s RUASE AT T s 4 %) IR T A B 2
D3 T 208> —3E I —e b B i FR S R
R
FRAE 2 4 KR 221 1 1980-2010 4F K = ff 16 TH

I TT LR G BRI AR AR (B 4) . AFR 4 FN
Kl 44 = i A2 5 BCR 0 Y8 AT LUE HE 30
AR = A IR T A 25 A ROR SR R g E T
(1980-1995 4)— 2l - F+(1995-2000 4F)—Zz 18 T
K% (2000-2005 4F)— 2 i) T F% (2005-2010 4F) /4 #4
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fenl fa 43 A 4 Fh 0 R R A JERE S T
THERER PR S),

24 K4 RSOTLUE 750 68 Fril 3
TR AR ZE A 38R — A TR kR A H Hi
IR TCBAE 2010 AR T AL 2R G R0R 4 S R R T
0.249 F10.225, B MR AN K, 17 A+ LU AR 38 T A 25 5 4L
R—HARFRE , i B R B SR 0 SR R 2 90 T
LU R JRIK-— ELALFA e A, e i At
BT AT Y REE ™ Hh s RUORR ] A R, 51
L DEA A3 R0 i FF L B FREER 0 M B B, Kk H
o BV, el AR o 8 o S5 A L 28 % & R ) 2
BRI, R IR T AL Ao A rp A= RS2, I
M SCE DEA AR, HiAy 3 Pl RUARAT A6 A [l A i
(Bl , A LE IR T A S Se AR SE B DEA A &L, 1 H:
AR5 DO A [ R B 1) T sl AT 5 2 X R S
FIREA 5 2 b i 22 55 e KT A E S ER S kT fk
PEFRPAE S H AR

4 K= eaer 5
ME LR

% KR IK

4.1 HHUBESZFEBKEBEELE
MR8 2 3 R 4 Bl , AL A X @G) A
1980.1990.,1995.2000.2005 . 2010 4F 6 > I [A] s K
ST RCR 5 20 kKT R G B (GR
6), FAE MK, B T 1%»5(1'? 2T R R Z
(BRI 5 5 2 )
HRH 2 6 854 , 1 Excel . ARCGIS10.0 ] 2]

1.01 m 19804F
m 19904
0.9 ™ 1995?5ﬁ
| H 2000
s 08 m 20054F
3T 0.7 m20104F
I 064
<z 0.5
8 041
= 0.3
=Y
0.1
0.0+ — - .
PREREZEZ ,\E;‘?@K;:\;Eﬂ
HERREEREBALEST O

P4 1980-20104F-4< = ff1 16 i i LER SRR EUE L
Fig. 4 Changes of overall urbanization efficiencies of 16
cities in the Yangtze River Delta during 1980-2010
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Tab.5 Changing types of overall urbanization efficiencies of 16 cities in the Yangtze River Delta during 1980-2010
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Tab. 6 Coupling degrees of urbanization efficiencies and
economic development levels of 16 cities in the Yangtze
River Delta during 1980-2010
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Fig.6 Spatial distribution pattern of coupling degree of urbanization efficiency and economic development level of 16 cities in the
Yangtze River Delta during 1980-2010
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Coupling relationship between urbanization efficiency and economic
development level in the Yangtze River Delta
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Abstract: This paper used the DEA model, analytic hierarchy process and a model for coupling degree to ana-
lyze urbanization efficiency, economic development level, and the coupling relationship between the two for the
16 cities in the Yangtze River Delta from 1980 to 2010. As a result, theoretical exploration was conducted and a
conceptual model was proposed. The results showed that: (1) During the 30 years of evolution, the economic de-
velopment level in the Yangtze River Delta has been in a upward trend; regional development reached a bal-
anced stage, and the coupling relationship between urbanization efficiency and economic development level ex-
hibited an overall inverted "U": shaped pattern of "slow rise-sharp rise-slow decline-sharp decline". (2) In differ-
ent developmental stages, economic development level had different relationship with urbanization efficiency. In
a certain period of time, improvement of urbanization efficiency enhanced the regional economic development
level, and vice versa. Once both reached a certain level, increase of urbanization efficiency is no longer an im-
portant factor to enhancement of the regional economic development level, and, again, vice versa. (3) There is a
dynamic coupling relationship between urbanization efficiency and economic development level. Those cities
with higher economic development level are the first to be independent of the effect of urbanization efficiency.

Key words: urbanization efficiency; input and output; economic development level; coupling relationship; the

Yangtze River Delta



