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Efficiency of High-tech Industrial Development Zones

in Mainland China

Student: Chi-Liang Lu Advisor: Dr. Jin-Li Hu
Institute of Business and Management

National Chiao Tung Usniversity

ABSTRACT

This research applies Fried at el. (1999) who brings up four-stage data envelopment analysis
(DEA). Research objects are fifty-three high-tech industrial development zones in mainland
China the sample period is from 2004 to 2006. This study uses five input variables, including
the number of firms, number of employees, the percentage of employees graduate from
university to total employees, R&D expenditure and the percentage of S&T personnel to total
employees. And three output variables are technical income, products income and sales
income. The high-tech industrial development zones are clustered into three locations and six
environmental variables are introduced to analyze the effect. All nominal variables have been
transformed into real variables at the 2004 price level by GDP deflators. The environmental
variables are used in Tobit regressions to explain input slacks obtained in the first-stage DEA,
including the location, railroad intensity, road intensity, fixed-asset investment, industrial
output value, financial investment of science and technology. Environment-adjusted
efficiency is computed in the fourth-stage by using the adjusted inputs. The major findings
are as follows: (1) Eleven industrial zones continuously operate efficiently during 2004-2006.
(2) Railroad density, fixed-asset investment and financial investment of science and
technology have significantly positive impacts on some input slacks. (3) Industrial zones
located in east China, industrial output values, and the college and educational level rate
significantly reduce some input slacks. (4) After adjusting inputs to exclude influences of
environment variables, only three industrial zones have the best technical efficiency and the
average technical efficiency decreases..

Keywords: Four-stage DEA, high-tech industrial development zones, Tobit regression.
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Wed BT~ (ys) 4,323,119 71,840,152 1,460 12,500,562 + 7~ % A
& # #ic(xe) 728 13,890 70 1,925 7w
R L #Kk(x2) 84,611 557,213 9,170 76,720 A
< %2 E 3 (Xs) 35.24 66.23 12.05 11.87 %
R&D £ %F (Xa) 1,158,118 17,223,301 5979 2,384,972 + & A AR
FEEFE AR (Xs) 13.93 37.56 3.21 7.12 %
3 5 2005 & B ATER L 7B E A 1 IE 2 A st

2005 T 1o B4 Bl e H
T~ (y1) 3,712,667 - 77,311,687 1,798 10,903,281 * <~ 4 &%
8 T (y2) 52,686,359 287,000,000 2,382,350 51,824,672 *+ & 4 A

s BT~ (ys) 3,407,431 77,671,093 8,595 10,834,721 * ~ 4 AT
& % #ic(xe) 792 16,343 90 2,241 2
R #k(X2) 98,339 687,769 9,934 94,469 A
B Ra(Xs) 36.54 68.42 13.63 12.78 %
R&D £ #F (Xa) 1,460,867 21,511,052 5,673 2,958,530 * 7 % M
FHEAFE AR (Xs) 14.09 37.17 3.19 6.70 %
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2005 T ok LB o) & R H
FAEIT ~ (Y1) 4,957,218 111,000,000 1,498 15,443,499 + ~ & A0
A &4 8T~ (y2) 63,401,534 371,000,000 2,655,350 61,606,163 + ~ 4
Baa 8yt~ (ys) 3,897,551 84,982,080 3,190 11,924,884 F & % R
& ¥ #(x0) 865 18,096 97 2,488 7
R 3 #(X0) 108,245 791,273 13,588 108,818 A
< BB (X) 36.55 66.72 12.69 12.00 %
R&D £ %7 (Xa) 1,849,710 27,796,076 1,734 3,815,411 + =~ % A0
FHFH A B (Xs) 14.17 36.99 3.09 6.88 %

A EPNATEB A s U2 A NIE S AT R B anphl Gl d AT o
A SRE Bl A D e fn® fo A T ARE Phind 097 S -

FrFE R e S o

27 P ANEAPM GE

Y1 Y2 Y3 X1 X2 X3 X4 Xs
y: 10000
Y2 0.6940 1.0000
Y3 0.8847 0.7185 1.0000
X1 0.9581 0.6765 0.9033 1.0000
X2 0.8948 0.8446 0.8472 0.9216 1.0000
X3 0.4639 0.3121 0.4353 0.3979 0.3439 1.0000
X4 0.9467 0.8110 0.8843 0.9487 0.9411 0.4148 1.0000
X5 0.4626 0.4308 0.4474 0.4096 0.4033 0.7184 0.5037 1.0000

AEEEY B ARBERP T o~ E o DEA B3] ¢ R 1 53 1 B B AT
PEEFRAOZAAEZNA(FEITr AW BT S F R G T ) E T BRI
(G A1B *58FH 16 'R&D G F L I 3EH 4 f 1t 6))f1* DEAP

21 M RieFraF o470 B4k 8w o

13



%8 Y WM BRAES-HMELY il

2004 # 2005 +# 2006

A 3 1.000 1.000 1.000
%2 0.548 0.657 0.597
F R 0.558 0.669 1.000
Lxd 0.358 0.306 0.515
% R 0.636 0.774 0.775
s Ef 0.393 0.458 0.594
I 1.000 1.000 1.000
< if 0.632 0.689 0.713
el 0.602 0.829 0.646
£ % 0.927 0.729 0.763
BRI 0.656 0.552 0.578
AR 1.000 0.843 1.000
~ B 0.481 0.409 0.564
ts 1.000 1.000 1.000
2 7 1.000 1.000 1.000
¥ N 0.435 0.536 0.537
R 0.935 1.000 1.000
g 1.000 1.000 1.000
L 1.000 1.000 1.000
& ne 0.725 0.471 0.677
g 1.000 0.833 0.696
& 1.000 1.000 1.000
24 0.341 0.375 0.437
pEIN= 0.540 0.441 0.537
Fh 0.801 0.636 0.690
5 0.797 0.554 0.648
2y 0.796 0.695 0.715
ABE 0.487 0.507 0.723
U 0.446 0.463 0.516
et 0.636 0.702 0.741
Al 1 0.612 0.551 0.510
o 0.797 1.000 1.000
£ 0.428 0.617 0.579
R 0.390 0.317 0.553
B 0.753 1.000 1.000

=3 0.969 0.824 0.685
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% 8 (4)

2004 & 2005 2006 =

TR % 1.000 0.774 1.000
B 1.000 0.843 1.000
Y 0.429 0.622 0.744
o, 0.846 0.577 0.618

3 B 0.894 0.890 0.866
Hik 0.356 0.333 0.408
el 1.000 1.000 1.000
& 3R 0.905 0.623 0.556
TR 1.000 1.000 1.000
W 0.347 0.302 0.398
¥ 0.549 0.432 1.000

ko 0.753 0.814 1.000

7 % 1.000 0.900 1.000
¥ 0.286 0.218 0.388
& 1.000 0.814 1.000
B 1.000 1.000 1.000
S 1.000 1.000 1.000
L3 (T 1) 0.737 0.709 0.773

d £ 8 A F gD 7 B s 53 B E ATE R 0 2004 & i g F T i

_L

0.737 » 2005 & »xF T 33 % 0.709 » 2006 & »cF T35t A 3] 0.773 - @ Bz & N §F 230

MFMGRABATRG AR CFEE LA 3R KV SR B~ Ae TR
B E B R A R - BRATE o ARA D BT R B T AR R

S R F ARG I ] S R R ERY RSB R AT 7ok i

B AT - R s B R ATEI R i~ LR R FHRR

WEBFRRDPER c AFFERTRREREL P ECERRERERAS ST E

FA LR LH) ARFART(RA) 1 ERAE(RA)UE 44 B pacqt

Befgar () A FATHRATRE P KT ARR(X B F LA 0 G]) e
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% 9 TRi RIS WP

B % B VIF
E 2.326
EFE R 1.544
WE R R 4.094
DR R 2.458
ALFALT 5.375
1TEBAE 9.202
PR LF S Sl 3.897
KT AR 3.904

d 4 QX APPSR APT IR L BRE R EOE R FOLE FE(VIF) Y
A A3 10 F RO T G AL MP ORIV SR T BAT A PR ¥ Tobit
W EF L BERR R 2 LB ATE I LR L O 1

53% -2 %=REK

fX

1% Tobit i §F A 47 > % A 477k 5 P HA h ¢ T 4~ 2 LI B Henl

)
i
4

4o 101112~ 13~ 14 #751 ©
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# 10 B 7RIk E ¥ dch Tobit g %

i i L ZaiE P it
EAE T -78.717 73.036 -1.0778 0.2811
E R -128.348 80.901 -1.5865 0.1126

WEHER 156.123 41.421 3.7601 0.0002 ***

SHH R A -1.171 1.094 -1.0702 0.2845
HEFART 0.005 0.020 0.2352 0.8141

1ERAE 0.002 0.006 0.4439 0.6571

R -1.074 1.866 -0.5759 0.5647
%7 AR -20.331 12.759 -1.5935 0.1110

# 5 -156.456 73.060 -2.1415 0.0322 **

%i:***\**‘*l):\%‘J%\*T‘F 7:._\ 1% ~ 5% % 10%;—}7&%‘%’;&@ °

s

d 210 APTOUFRBEDERRE vl LR EKE G EF L A

9
ps!

2R, )L
=

A
o

SR A EMBBRY FRART 0 E R A R IURE RII  RAg R AT

FOTRE OB ATRABERERE B F My IR E Y REm T o

2 11 R 2 %L p ¥ Tobit v i & %

i fF i i Z g P .

ELHE -6287.459 8388.789 -0.7495 0.4536

EE R 10586.400 7732.369 1.3691 0.1710
BETER 15926.190 5198.746 3.0635 0.0022 ***
SRR R -395.899 151.024 -2.6214 0.0088 ***

FALFALT 2.716 2.233 1.2163 0.2239

1ERAE -1.409 0.719 -1.9585 0.0502 *

WS oplg o 684.443 248.556 2.7537 0.0059 ***
KT AR -4504.975 1699.113 -2.6514 0.0080 ***

e -2660.925 9339.206 -0.2849 0.7757

T:***‘**‘*/w\‘?v‘]%\»ﬁf?;\ 1% ~ 5% % 10%;;”;%?‘%?7]\@0

i
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dA L TR REFERUE S PHEINEN A I A KL PREETHEF
P A2

e B RAF O FBRTER R R SRR AR K

(3%
Y
~m
3
<

FHREBE AT MM BETRE L N P Rk o
B

LRERCIFERAENERTARE MEHTA LA KLIGEREE G EF

e CEAFHHORBER CIERAE -RIRKTAR O RT L ALIRED

BATHRR LI MR 0 MR ATER R L A i G g o

# 12 < %2 F 1t 6] L 5E % fop Tobit @ j7 5 %

i S Z 5t P .
E -9.10383 2.57278 -3.5385 0.0004 ***
B e R -3.03200 2.44410 -1.2405 0.2148
WE R R 5.38731 1.67739 3.2117 0.0013 ***
SRR ER -0.08850 0.03917 -2.2596 0.0238 **
B FART 0.00060 0.00067 0.8956 0.3705
IERAE 0.00019 0.00019 1.0093 0.3128
B oplg o 0.05832 0.06105 0.9554 0.3394
KT AR -2.77703 0.65922 -4.2126 0.0000 ***
B EE 10.40339 3.76947 2.7599 0.0058 ***
Lo RRR L RR RS Rl AT S 1%~ 5%% 10%:EE F K o

u

&

=

i 2 VHER CBETEAFY B AL ARKLIERELF EFO
For AT BRBERERR ORFIAIREDBLI A IV U AT o H AR
B v b3~ i@ % A%jmse o

ARFERELL RNLE SCRBERNERKTAREE BRAREO A RLQ
1A AR EL G ESD EhELE RO AP
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# 13 R&D ;_';% 7 % #ceh Tobit i jF 55 %
i §F K w4 Zx g P .
RN -1533083.00  629533.20 -2.4353 0.0149 **
Sl -85170.84  319802.70 -0.2663 0.7900
R R 172957.40  244915.00 0.7062 0.4801
SRR R -10533.57 5331.24 -1.9758 0.0482 **
HTFART 273.88 104.41 2.6231 0.0087 ***
1I¥ERAE -16.60 19.58 -0.8477 0.3966
B opE 24420.18 7838.68 3.1153 0.0018 ***
KT AR -70054.11 75438.07 -0.9286 0.3531
£ 5E -872668.20  633154.70 -1.3783 0.1681
TRk Lk kb ul kT L 19% ~ 5% 2 10%:rkE F K o

d A 13H M HEFART

R
FATR A A T AR A A PHRANERF O OREE AR

B
D%k > » $# & 3% R&D G F @ ¥ o o

MORERELR RIE SRR ER

314 PEFE AR b L 5E % deen Tobit i e %

i § i d By Zuy g P it
=L E -1.45138 1.09314 -1.3277 0.1843
R -1.03171 1.16089 -0.8887 0.3742

HE SRR 3.21299 0.73095 4.3956 0.0000 ***
SRR ER -0.00101 0.01754 -0.0578 0.9539
HEF AR -0.00045 0.00032 -1.4101 0.1585
1ERAEE 0.00000 0.00009 -0.0053 0.9958
il oF S S 0.06812 0.02992 2.2766 0.0228 **
f{f T AR -1.50271 0.29727 -5.0551 0.0000 ***
B E 4.12825 1.47030 2.8077 0.0050 ***

TRRR LR R w4 n S 1% 5%2 10% R F ok o o
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d & 14 AP o BB ERIE B
PR FRATE

¥
éiﬁ%ﬁmﬁiﬁﬁﬂ’? A ﬁ U R

£

F o

e

ik

=

i

B e

Sl A IR E AR L

Ry
BEHER R PHA BB R

For o PSR R BB A T i Y e o

AR EAY BUE IR AEE YT KT AR N ARAE AR LRk
B HESL MG E BT R AE N ELY R RN ET S %R AT

w"AREEAAR

SER PP A | 3R

% 15 Tobit i j7 4 % 4 5w

BFLHATE AR chig % 1 g ek o

7%

RS EFEFI ERALA ~E4 R3] R&D 23  PFHFAFR B
£+ % 787173 -6287.5 -9.1038 ***  -1533083.0 ** -1.4514
(0.2811) (0.4536) (0.0004) (0.0149) (0.1843)
£ R -525.2 10586.4 -3.0320 -85170.8 -1.0317
(0.1126) (0:1710) (0.2148) (0.7900) (0.3742)

L 156.1 *** 15926.2 *** 5.3873 *** 172957.4 3.2130 ***
(0.0002) (0.0022) (0.0013) (0.4801) (0.0000)
SRHER -1.1705 -395,9 *** -0.0885 ** -10533.6 ** -0.0010
(0.2845) (0.0088) (0.0238) (0.0482) (0.9539)
FELFAKLFT  0.0046 2.7159 0.0006 273.9 *** -0.0005
(0.8141) (0.2239) (0.3705) (0.0087) (0.1585)
IEBRAE 00025 -1.4091 * 0.0002 -16.6022 0.0000
(0.6571) (0.0502) (0.3128) (0.3966) (0.9958)

oL 11,0744 684.4 *** 0.0583 24420.2 *** 0.0681 **

(0.5647) (0.0059) (0.3394) (0.0018) (0.0228)

KTARR  -20.3307 -4505.0 *** -2.7770 *** -70054.1 -1.5027 ***
(0.1110) (0.0080) (0.0000) (0.3531) (0.0000)

# e -156.5 ** -2660.9 10.4034 ** -872668.2 41282 **
(0.0322) (0.7757) (0.0058) (0.1681) (0.0050)
RSP RFLPE-

*kk | kk | k)N ‘%'J%\T’r ; 1% ~ 5% 2 10%5/;%;.*‘:’3?,}423 o

d2 15 SRR @ BATH AN EAS B RE SR AL Fa



FRA1v 6 R&D #r» AR FLAFRETREF O L AL T FFAFA

Fo 0 HEEL G N E e B RO LRE FP RO A3 K4

B Eah g B R ILE EG b R ¥ONFT R N a0 b amn ot fidRig o T AL G

IFERRAI VO FAEFEFRA I EERRE I B) DL
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She
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i
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NS
El}

EA BRI H~RE&D N AF)E G A E a0 I R A - B3

<
She
-
Tl
Bl
A
=

v

fal

SRBERARB O BATEH AL TR T P ARG s G 103

ey FRFBATFLRTEFPAALTALTHY R&D &£ r 2L %
Boo #PELNERA LD [0 6] R&D o~ EFEVE PEAFE R 2Bl
R L5

sid
7

FFOL e B R AFFARF R P AALT AN f I

HFERMEF LGS FTRNY hoed c EF DT ART S 2 PRLD R
A TRAEE AU 0 AR {1 S sk HR B

BRAENHOED L ERA B E R I A SR Y Pk
AR FWIAPENM(FRA T A A B2 F OB PRAE R B R
B P FEF ) e PP R AFLEAA ARG KT ARARARS PR TR
L F ek A58 JIBATR GSF kB
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5.4 % x FFE%F B8

F o FE Al Tobit i jF 5347 TRELREFH ML REDP o T2 A K
PrFHROBEFLFIAMFT ST - BAARDSFERRE - E I AFEE A T F
»E - fEE2? HDEARCE 23R B R R R A PR R AT

Y s
mq__"g BLE o

216 P WA MESSBEITE S R X B

2004 # 2005 # 2006 #

A 3 1.000 1.000 1.000
%2 0.455 0.376 0.393
FoRdE 0.209 0.583 0.704
X4 0.143 0.134 0.154
X R 0.378 0.518 0.393
¢ g 0.268 0.240 0.306
L 0.791 0.880 1.000
* i 0.536 0.521 0.578
¥l 0.191 0.166 0.215
£ % 0.728 0.579 0.538
BRI 0.486 0.407 0.414
N R 0.407 0.443 0.449
o 0.298 0.234 0.272
s 1.000 1.000 1.000
2 7 0.810 1.000 0.920
¥ 0.259 0.284 0.364
Fp 0.826 0.734 0.935
g 1.000 0.889 0.900
o 1.000 1.000 1.000
£ iw 0.348 0.295 0.417
i 0.190 0.160 0.159
& 0.489 0.399 0.438
%8 0.153 0.289 0.217
N 0.454 0.412 0.353
+ 5 0.460 0.442 0.368
& 0.393 0.359 0.387
S 0.405 0.381 0.413
e 0.283 0.315 0.329

% 16(4)

22



2004 = 2005 = 2006 #

Lo 0.345 0.349 0.328
% 0.287 0.246 0.270
FapE 0.524 0.525 0.473
g 0.265 0.306 0.373
£ 0.421 0.563 0.410
R 0.217 0.181 0.182
R 0.684 1.000 1.000
i3 0.739 0.751 0.708
R A 0.723 0.518 0.724
B 0.518 0.486 0.584
¢l 0.412 0.555 0.520
L 0.357 0.322 0.339
R 0.426 0.338 0.456
ERIS 0.119 0.108 0.133
e 0.146 0.093 0.115
= ph 0.734 0.508 0.534
] 0.589 0.451 0.739
W 0.180 0.167 0.190
i 0.133 0.128 0.125
b P 0.174 0.262 0.251
o & 1.000 0.746 0.833
¥ 0.118 0.117 0.169
& 0.027 0.104 0.065
i 0.117 0.176 0.179
& & A 0.037 0.679 0.097
£33 (% 19) 0.439 0.448 0.461

K16 enBEE T HFR > SEDF2 ¢ B3 B3F

¥ > T 328 (0.439 - 0.448 ~ 0.461) % 15 i -
Fdcr AR AN B RV EZ B o 5y
Bl X MEend 2T R At - B lagy
S @ ST W R PR AT R
AR LY BB R ATR 5 5 PR AT

Pz E oy

2 or K T B E A R

F7% 2004~2006 & %



7>

= ~ 235
e

A * Fried et al. (1999) & dienw fEE G 2 ko 47 P B S R 7% 3 ATH
W R gy oo Ak ﬂ&mrﬁ%&hHGDPlﬁ@&ﬁ$u2m4ﬂ§é
Wy TR B 3R GRS ITT AL D 9 L AT R B
FAAEH B S FEH L SANE  FATR AL R E AR E 1 B
Bt e s 40 r 98 0 17 B
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f\‘
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WAEY T 3~ s DEA k& 47
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FofFghERANFREORE BHALBRRER CFATFTARFTLE L 2

FANEZTE LR SR EAPEUEL > A EXTREY L it > F A

SRBERCIERAENZE KT RELSRES R NI AR F LR

B LI HFA e B Al OB EA I EAA BN I KT REAM 7
o4 8RR T A R T AT ORI i G o o R A
EfA1 2R3 @y vy BA83 4Rk T AR

PUpE TR A A L AR S ER ATR R A TR Y b b or o

AR RO A PE R AP HRR R EARPL ¢ B 53 B
R T p I e m%#ﬁﬁffﬁ’69H+§ﬁ$%ﬁéﬁ@-%??ﬁﬁ$%&ﬁ’
MR RSN AR EYRF T F D h BT 8 R AR T kS @5 2004

0.439 ~ 2005 & 0.448 ~ 2006 = 0461 » & 7~ (# % & L3 o4 > & £ A Fihenig *

PEF S G oo 1’6?\’}2 = e L 5 A e
BEw PR AT 25 A 2004 7] 2006 = & P MRS T SRS F
T o _t”ﬁ AR VAN EFRN BT R e BEE R & F S RKY SRV T

FEFFAFRS FRFG > T EF TS 0 o T OF IR ¢ R G R E

R ET~FL AR s b R SRR Ee S WE SR AP S TR

WE~E ,g ABEBITHR2ZI0F AR M T E ’ﬁ R i 7R o ip i i P
G B AR A RN EERBE P 0 AR B A LA AN R BB

- HE A
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(¢ BB ATHMTE L5 B & #2004) - ¢ R A X H foEALHI > 2005 # o
(¢ W3 ATHME F 5 B £ F2005) > ¢ BA XX feRFH30 > 2006 £ o
(7 BB ATHMFAE EF B E F2006) - ¢ B A R EfoEALHE > 2007 E o
(¢ RABT4]E RARF2 2004) 0 7 B AR H oRpHES 0 2005 E
(¢ B VUEREIE R4RE 2005) o ¢ R4 R feRALH0 > 2006 £
(¢ RAUERLE B AR 2006) - 7 B A R E foEEHR > 2007 £ o
(¥ WSt & #2005) - ¢ ALt E g Ak > 2005 E o
(¢ Bs- & F2006) - ¢ R suptE Fdwad 0 2006 £ o
(¢ Bzt & #2007) - ¢ WAL E g Ak 0 2007 E o
Fiw® (2007) (ARBEF T FATHME EF B RKEFELS ) 0 (FPEH
AR $ 245129 5 F 9698 -
Btk A (2002) (0 B TR A A e ) GHTALE ) 8 3
g F 27-42 -
PAEZ  E A FPA R (2005) 0 (F RS R ATRACE R 2 kg A
¥ o(FHEEREN) 51045 5 18 > 7 135-168
%435 (2001) (P RBATRFB2ZE) A3 ¢ ARA .

F 8% 35 (2003) 0 (AR F B
T 136-137 -
SR (2005) (A RMBATH - A ERGERFT ) (PFHEHEHL) ¥
22 ¥ 114 » | 116-117 -
B~ BE (2007) 0 (P FSH ~ R&D 7 & G el (g s § —
AR RRTHMAEFE L) (PR EEFL) 52715 128 0 | 42-47 -
JooRAE S BaedE (2007) (A S BRI E E AR BB ok
F)AERFH) 528 F 1-21-
#ag o~ B2 (2005) (HEHEBRL ER RS ATRAFTRRER ) (HHE)
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