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A Study of the application of Eco-efficiency to Taiwan Cities and
Counties Development
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Abstract

Urban development creates economic values and results in environmental
impact at the same time. Based on the concept of sustainable development, several
methods, such as sustainable indicator frameworks, ecological footprints, urban
metabolism, were reported to assess urban sustainability. However, these methods
seldom focus on the relation between environment and economy. Therefore, World
Business Council proposed Eco-efficiency. This research tried to apply Eco-efficiency
to analyze which cities/counties are relatively eco-efficient and find causes bringing
about discrepancies among twenty-two cities/counties in Taiwan. In the first stage,
this research applies Data Envelopment Analysis(DEA) to figure out Eco-efficiency
scores and applies Tobit regression method to analyze in the second stage.

The results show that efficiency scores of northern cities/counties are higher
than other areas and the ones of southern cities/counties are lower above four areas.
Further discussion of analyzing from individual county/city perspectives, the
efficiency scores of Taipei city, Hsinchu county, Hsinchu city, Taichung city, Chiayi city
and Taitung county are relatively better in 1996, 2001 and 2006. Within
comparatively inefficient cities/counties, oil consumption and electricity need to
reduce. Water consumption and industry employees are superior factors in
twenty-two cities/counties. Furthermore, the intensity of urban development and
polluting industry ratio of second and third industries have significant positive effects
on the eco-efficiency scores. Disposable income per person per year has significant
positive effect on the eco-efficiency scores. Thus, this research suggests that
government should improve the regulation on industry pollution. In addition, for
those counties/cities with high intensity urban development need to ameliorate

energy efficiency and reduce environmental impact.

Key words : Eco-efficiency ~ Data Envelopment Analysis ~ Tobit regression
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- ~ ¥k e %447 (Data Envelopment Analysis) 3 3%

Farrel1(1957) & & 5% FH M S »a 3 =g > /2 m%‘f—‘k s FRL e %47 (DEA)
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B iR o4 A AR Y E %0 >t Farrell @ 3%~ v g2 5 CI/CD > 2

e B S AB/AL W A ARBERMETR O Ee 2 2 D e e

ol

57



>
4
o[-

Bl 4-2 #5202 & 85307 b SRR T B 0 AR RER (2) R
Az (%)

M RR- 2 A RS E A BIEAGTT ARV RS MG W
(1) ez

AB B e d 7 A cnfiis@m»cd L OA/OB 2 n 2 A = A2 & Vi Yo li ) o
(2) pe i s

~ deff fF T B AT 2 OB/0CF A A LB ok
(3) FRY» ek

otk BT S oS fofe B ot S A0 5 (0A/0B)x (OB/0C) -

Y2/X2

T C

B
D
: Flis
A / —
AT R T

O

Q Y1/X1

B 4-3 DEA A 9 3 & peiieocsh 22 3 e B o

58



(=) CCR #i5¢
#7358 % Charnes, Cooper, Rhodes *t 1978 # #r4% 41 F]& # % CCR #5¢ »
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6,197,000 F & =~ -

>

45

% 4-5 8b EH » A N IE P sit st E A

2% R 1 BT 3518 5298, 835

> E2 A R eiE L 3, 665, 401

FHEA~LAI

I P Por3E P A d13E
ook g T GRS Rox = aﬁuf;
g v *RE >EA ARG
#ag FEE o Rk
¥ i == 2w (p’) B N 3 e (pg/m) ‘ R B
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i 163,435,007 4,134,716,854 364,428 329,217 36 348,966 795333
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I ~ % < 4pf(Malamquist Index) 4 47"

A LT fERAT F'a“&%ﬁﬂész$<%ir%'r%43’ FlaE* § g T A @
¥5 Fareetal (1994)4 & 4 » 5 Hjiw»cs % # (technical efficiency change)
L x HoprsgE (technical change) °

PG LRI AR FA A R BT F R RN Ap
o 7o Fpmed gE LA RE e 2 rrit A A R AR R G
F s i B oan g h b5 e

Ao g R S A L R R e N R A PR SR D E S p T
q#p:

_ A0 Yo) [ A7 (% ¥p) | 1%y, yqq { O ARCHCN AT

AP, Y,) [ (%, Y,) dq(x Yo) dP (X, Yp) d“(x )
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4 5-1 B85 £ & LD 2 B
B KR S T Ty
70 FREE gppecks sk xR | ORERR T
(CCR #5% ) (BCC #£5)
I 1 1 1 Constant 11
oAt R 0. 8133589 0. 92939 0.875153% | Increasing 0
L HE T 0. 6464533 1 0.646453% | Increasing 1
A 30T B TR 0.7151529 1 0.715153% | Increasing 2
¥ R4 0.9558137 | 0.997002 | 0.958688% | Increasing 0
P ] 0. 9358873 1 0.935887# | Increasing 6
FrE B 1 1 1 Constant 7
I 5 0. 866667 0. 989485 0. 875905 -
ERE 0.7659234 | 0.9381623 | 0.816408% | Increasing 0
L 1 1 1 Constant 1
203 e PR 0.9377313 |0.9405862 [ 0.996965 Constant 0
350 B 1 1 1 Constant 2
2 HRFL 0.5419544 |0.6836774% [ 0.792705 | Increasing 0
3 Rk 0.524625 | 0.7638558 | 0.686812%# | Increasing 0
Tia 0. 795039 0.887714 0.882148 1
&7 0.7049748 1 0.704975% | Increasing 0
&5 0.542789 |0. 7116657 | 0.762702 | Increasing 0
B 0.8824342 | 0.9461877 | 0.932621%4 | Increasing 0
ER oE K 0.7590526 |0.8181526% | 0.927764 | Increasing 0
B AR 0.4948856 | 0.549294% [ 0.900949 | Increasing 0
B 2T 0.6722639 |0.6828134 % 0. 98455 Increasing 0
B Bk 0. 9468095 1 0.946809% | Increasing 1
T e 0.714744 0. 815445 0. 880053 -
TRk 0. 6918811 1 0.691881# | Increasing
o KBk 0. 5992256 1 0.599226% | Increasing
Tis 0. 645553 1 0. 645553 -
K= ‘ 0. 778692 0.907309 0. 857986 -

7t Increasing # on HCER £ 5 Constant # 7n RHER P H 2o
HAARPIIA 5 S S FTRER S P B 59 P E MBS R A R
AR 0 A B RN - P

s IR SRR R A EE
Amoe 2 gk R i AT
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B EAARRF LA BT B2y
# 52 AR 90 & 2 BrT 2T E
B A4 g axn s
R AR wpede MEeRE x AR AR e
(CCR #54)  (BCC #£5°)
oAt 1 1 1 Constant 15
e AR 0.6271398 0.9697209 0.646722% Increasing 0
AR 0.4291608 0.9444249 0.454415% Increasing 0
30T B il 0. 6585507 1 0.6585514# Increasing 9
¥ FIRR 0.8210898 | 0.8250307% 0.995223 Constant 0
2B 0.7511105 1 0.751111¢# Increasing 2
T Bk 1 1 1 Constant 12
R ] 0. 755293 0.96274 0. 786574 - -
ER Rt 0.6775823 0. 9337871 0.725628% Increasing 0
o R 0. 9669072 1 0.9669074 Increasing 2
0o 1 0. 7469625 | 0.7735966 % 0.965571 Increasing 0
350 B 0.951409 0. 9607582 * 0.990269 Constant 0
2 A 0. 5556613 0. 8543324 0.650404% Increasing 0
% Rk 0. 5924445 0. 9989317 0.593078% Increasing 0
Tis 0. 748494 0. 920234 0. 81531 T -
57 0.7771146 1 0.777115% Increasing 3
E AR 0. 4913537 0.7499772 0.655158% Increasing 0
- 0.7041138 | 0.8054712 % 0.874164 Increasing 0
L Y 0.7225301 | 0.7770745% 0.929808 Increasing 0
B iEEk 0.4453043 | 0.5629046 % 0.791083 Increasing 0
b-g 0.5859353 | 0.6348419% 0.922963 Increasing 0
B 4 Bk 0.8533104 | 0.9228559 % 0.924641 Increasing 0
= 0. 654237 0.779018 0.839276 -

_ = iR 0. 5335353 0. 8680346 0.614648% Increasing 0

L3I0 F B )
o KBk 0.4108714 1 0.410871# Increasing 7
I35 0.472203 0.934017 0.512759 - -
BT 0. 695549 0.890079 0.786288 - -

3t ¢ Increasing # 7w *HC3F Y iE3 5 Constant # 77 R HHR M F Lo
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Bk RHEAST

% 5-3 A K95 & L EiH 2 F B
A2 e 53 &
SI ) ARKE T mpae s = BEAETE x ECE AR = e
(CCR #5% ) (BCC #5")

e 1 1 1 Constant 12
oA R 0.6214679 | 0.8844438 | 0.702665%# [Increasing 0
AR 0.4894916 | 0.7924524 | 0.617692%# [Increasing 0
IR TF B BB 0. 5523541 0. 9894459 0.558246% |[Increasing 0
¥ B 5% 0.7040607 |0.7251448 % 0.970924 |Increasing 0
2B 0. 9295559 1 0.929556% [Increasing 2
AT Rk 0. 8246071 1 0.824607# |Increasing 1
Tis 0.7316482  0.9130696  0.8005272 - -
v & Rk 0.5517919 1 0.551792%4 |Increasing 4
oP R 0. 8962066 1 0.8962074 [Increasing 1
PN PR 0.6852936 | 0.727535% 0.941939 [Increasing 0
/AL 0.8809019 | 0.9526258 | 0.924709% [Increasing 0
2 AR5t 0. 9429885 1 0.942989% |Increasing 1
w R 0.5153169 | 0.9454716 | 0.545037# [Increasing 0

T35 0.7454166 ~ 0.9376054  0.8004454 -
& 0.5970224 1 0.597022# |Increasing 0
£ &5 0.4196827 0.6704345 0.625986% |Increasing 0
R 0.6523326 | 0. 7622327 * 0. 855818 |Increasing 0
R oy 0.7453191 | 0. 8153765 * 0.91408 |Increasing 0
B L 0.4702487 | 0.528831 * 0.889223 |Increasing 0
B 0.5234515 | 0.5526289% | 0.947202 [Increasing 0
2 A 0. 805641 1 0.805641% |Increasing 5

I 3a 0.6019569  0.7613577  0.8049961 -
§ET =R 0.4692617 | 0.8791986 | 0.533738%# [Increasing 0
o KBk 0. 4557926 1 0.455793% |Increasing 10
= 0. 4625271 0.9395993  0.4947653 - -
BT 0. 669672 0. 873901 0.77413 - -

321 1. Increasing # 7w B4R f L3 5 Constant # 77 RBAR Y Fl %o 2. % £ 71 BB F 4p 1t T By BRMERT 03, &
Foom G TS AR T QDT R MERT o
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B A A LR BB

% 0-4 \E 8D EH Yo LI RIS AT 4

g T o B
Bai

85 &  mvok®  §4 . g | BEEE PERIE AR
oA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
o B -37.70% -40.53% -51.85% -35.19% -7.06% 0.00% 25.30%
P A 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
¥ Fl Rk -0.30% -63.47% -55.03% -20.52% -0.30% 3.77% 0.00%
3TH B 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

RTERA 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

w kR -6.18% -29.74%  -26.03% -6.18% -6.18% 0.00% 19.03%
pe 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
PR -5.94% -7.31% -15.62% -9.26% -7.26% 0.00% 3.89%

A 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

Z R -32.69%  -31.63% -49.87% -31.63% -31.63% 0.00% 27.10%

@ FRh -33.80%  -23.61%  -54.19% -23.61% -23.61% 0.00% 16.66%

BN 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

£ &5 -30.56%  -28.83%  -42.82%  -28.83%  -28.83% 0.00% 15.71%

N -5.38% -5.38% -7.78% -5.38% -9.15% 0.00% 63.07%
o @ Rk -18.18%  -42.88%  -43.60%  -26.41% -18.18% 0.00% 0.00%
B 2R -45.07%  -54.59%  -45.07%  -52.90%  -45.07% 10.90% 0.00%
k- -36.64%  -50.40%  -35.26% -31.72%  -31.72% 0.00% 2.41%
B ARk 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

EAS

0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

¢ | Jm}

0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

3

KL
a1k
R

0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

T
S
S

0

2]
“—

-11.47%  -17.20%  -19.41%  -12.35% -9.50% 0.67% 7.87%
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Ry

e e O SRR v )
TERR T Al e A A EFE A 4ol B D FE > Flm grid F o v IR X gy
SE A B TR
%5-5 K95 £ W LRI I A

gp e  REETE g TEDTESIERAT smicwie pEiae 2ane
e 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
SRR -48.22%  -36.80%  -58.61%  -55.91%  -11.56%  0.00%  44.68%
AnH -590.30% -20.75%  -21.49%  -25.78%  -28.56%  0.00% 7.94%
PHEIR -27.49%  -68.92%  -63.07%  -27.49%  -34.77%  0.00% 2.76%
3779 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
AT R 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
& & R 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Ge 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
o Eh -27.25%  -53.33%  -62.59%  -34.42%  -27.25%  0.00%  48.06%
iR -474%  -35.95%  -19.29% - -5.92%  -13.56%  0.00%  27.22%
2 R 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
3 #F -18.78%  -5.45%  -43.87% -21.50%  -5.45%  0.00%  34.87%
& 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
L &R -34.63%  -32.96%  -48.65%  -49.97%  -32.96% = 1.11% 0.00%
&P -23.78%  -37.43%  -23.78%  -43.34%  -41.81%  0.00%  72.43%
c& K -18.46%  -46.05%  -49.16%  -46.08% = -36.59%  0.00% 0.00%
BARL -47.02%  -54.98%  -62.61% -52.26%  -47.12%  7.03% 0.00%
BT -44.74%  -62.48%  -51.90%  -44.74% -58.62% ~ 0.00% = 12.91%
B LB 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
R -756%  -3.37%  -12.73%  -1.06% -1.06%  0.00%  38.98%
TR -17.35%  -12.08%  -29.30%  -12.08%  -18.86%  0.00%  59.27%
= B 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Tim -17.25%  -21.39%  -24.87%  -19.12%  -16.28%  0.37%  15.87%
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Bt SR R F A SR B R Y
FABSATA D fr s KA RIPE L B B A NP Y AR ER A E 0 A
R P B R R AT KRR SR R AR R R D -
# 5-6 & EX] 85 Efs’z}éf;fi/»\%fr
e 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
e A Rh 0.929 0.929 0.929 0.929 0.929 0.612 0.811 0.929
7 1.000 1.000 0.871 1.000 0.848 0.997 0.996 1.000
¥ 5 0.997 0.916 0.997 0.997 0.997 0.929 0.997 0.965
Frow 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
AT K 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
o &5 0.938 0.900 0.938 0.938 0.919 0.795 0.894 0.938
¥R 1.000 1.000 1.000 1.000 0.881 1.000 0.857 1.000
L 0.941 0.722 0.941 0.941 0.941 0.941 0.722 0.941
351 Bk 1.000 0.747 1.000 1.000 1.000 1.000 0.742 1.000
2 Rk 0.684 0.684 0.621 0.684 0.667 0.631 0.644 0.684
PR 0.764 0.764 0.669 0.764 0.701 0.702 0.735 0.764
£ &7 1.000 1.000 0.943 1.000 1.000 1.000 1.000 1.000
&5 0.712 0.712 0.644 0.712 0.692 0.672 0.690 0.712
e R 0.946 0.881 0.919 0.946 0.946 0.946 0.746 0.946
S 0.818 0.716 0.818 0.818 0.818 0.712 0.776 0.817
B ZERL 0.549 0.516 0.549 0.541 0.549 0.521 0.549 0.508
B e 0.683 0.683 0.683 0.683 0.600 0.679 0.620 0.683
B f Bk 1.000 0.599 0.896 1.000 1.000 1.000 0.759 1.000
i 1.000 1.000 1.000 1.000 1.000 0.854 1.000 1.000
=R 1.000 1.000 1.000 1.000 1.000 0.876 1.000 1.000
- 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
TiaE 0.907 0.853 0.883 0.907 0.886 0.857 0.843 0.904

TIERIS AT B RS E R T R BT o
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Bt g4 5 AT e BT B R

# 5-T X R 95 # AT & A 47

e e A% L, AR dnrsd 2 paRs 4
BE RERFE Tf_ 2R ﬁ;xfé_ T@E ! Aﬂijﬁ_kfé fj

o 1.000 1.000 1.000 1.000 1.000 1.000 1.000

ey 0.884 0.884 0.884 0.884 0.884 0.560 0.858
A 0.792 0.792 0.780 0.792 0.792 0.792 0.775
FEF B 0.725 0.630 0.725 0.725 0.723 0.725 0.685
e H 1.000 1.000 1.000 1.000 1.000 1.000 1.000
TR 1.000 0.978 1.000 1.000 1.000 1.000 1.000
w3k Rk 1.000 1.000 1.000 1.000 1.000 0.742 1.000
g 1.000 1.000 1.000 1.000 0.774 1.000 0.738
e ¢ Rh 0.728 0.694 0.728 0.728 0.728 0.726 0.675
351 Rk 0.953 0.596 0.953 0.953 0.953 0.953 0.694
Z R 1.000 0.778 1.000 1.000 1.000 1.000 1.000
& P Rh 0.945 0.945 0.932 0.945 0.945 0.736 0.942
&7 1.000 1.000 1.000 0.975 1.000 1.000 0.982
AR 0.670 0.670 0.669 0.670 0.670 0.626 0.670
e 0.762 0.713 0.762 0.755 0.762 0.762 0.584
e R 0.815 0.560 0.815 0.815 0.815 0.815 0.785
B AEH 0.529 0.506 0.529 0.529 0.529 0.518 0.529
bR A 0.553 0.525 0.553 0.553 0.551 0.553 0.480
B AR 1.000 0.661 1.000 1.000 1.000 1.000 0.775
W 0.989 0.989 0.989 0.989 0.989 0.808 0.986
[ 0.879 0.879 0.879 0.879 0.780 0.879 0.804
RN 1.000 1.000 1.000 1.000 1.000 1.000 1.000
LTinE 0.874 0.809 0.873 0.872 0.859 0.827 0.816

[Rd

RIS AT B Rt BT F BT EELD o
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AN Y 12
AT A S N Ap s 1T RE ) 0 8 8 AT B R T
¥ 3 (Grifell-Tatje and Lovell, 1995 ; Odeck, 2009) - 3%k » & zx L »x % >
K ARS A 90 & 90 £ 95 ARFS BREE & BELH R~ B e s
%% (technical efficiency change) % # %2 (technique change) > & is 3
PAGEOETE AR R LA BT 2 A gEE ST | Rk &7 g
WK e P AN R s L A 1 9E (Yu and Wen, 2010 ; Raymanathan,
2005) -
() i
T & 545 A8 ET 90 £ Fr 90 £ 3| 95 £ P g i i 8 GIS
FREYETATRIO-A ARESEF0E E LT ol BT F R E <0 ]
P e, o HARRS FREFNRL  AE I EF] 95 E P SAH
BE s ZHREA BAEFAE SABIE T BT HATF R R IREH o 0 BEY L
EPN 0 A EE P R F R TI0E > oA T o2 LR N 0 BRSPS

21948 % > TR ST N EARSEREHEHY AR ERI I BERDES R

She
I

3 5-8 22 Bx % A 85 £ 1 95 £ ik B

Pk g 85 & —>90 & 90 & —>95 & "*Eggjﬁ&-’
e 1.211 1.085 1.148
o Rk 0. 829 0.903 0. 866
AP 0.603 0.913 0.758
¥R R 0.774 0.947 0. 860
¥ R 0.667 0.974 0.821
374 0.786 1.122 0. 954
74 24 0. 866 0.403 0.635
WOE Rk 0. 692 0.941 0.817
SR 0.423 0.963 0.693
AN 0.547 0.967 0.757
¥ Bk 0. 351 0.912 0.631
Z At 1.118 1.155 1.136
CE 0. 926 0. 882 0.904
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B* G2 RS o3RS TRy

57 0. 869 0. 760 0.814
£ &R 0. 835 0. 945 0. 890
R 0.675 0. 942 0. 808
= % 0. 765 1. 061 0.913
B 2R 0. 851 1. 011 0.931
Bz 0. 841 0.875 0.858
B A Bt 0.504 0.870 0.687
=R 0. 630 0.971 0. 800
= K Eh 0. 661 1. 102 0. 882
&I 0. 746 0.941 0. 844
LR iahlE A T < ]

HRSHWN
MBS 1Y BR R

e e rra
A KRR
« W
- -

B 5-4 22 57 X B 85 & 3 95 & frjkernk s

(=) HFREEEL147
TEADL-T 5283 AR AL B EHIFEEIHFHF TEEFEGCISETELY BT 4
T W 55 A 85 I 90 E PG RAFFER v AR 2P R 0P R
a2 BRLEC ] o HRRRD PR E By <3 10 A7 % SR R IEH
g s RF 90 £ 95 & > 7 BAD P HMREEY A 1 A T P ER
A od B BEIPTRL TIDE T B TES 10 # TR BB AR
He x50 3 Tiofrgd =t o

87



Hoe.  ®EowE  0E-9E o
wAt 1. 120 1.121 1. 121
g 1.908 1.373 1. 640
A 1. 231 1. 309 1. 270
B R 1. 251 1.407 1. 329
TRk 0.937 1. 919 1. 428
AT 1. 156 1.909 1.532
A7 B 1. 044 2. 867 1. 956
w R 0.719 1. 416 1.068
R 2. 384 1. 983 2.184
n YR 0.919 1. 427 1. 173
¥R 1.112 2.081 1. 596
Z R 1. 227 2. 169 1. 698
@ Rk 1. 215 1. 371 1. 293
£&7 1. 170 1. 320 1. 245
£ &R 1. 204 1. 331 1. 267
ra 0.741 1. 360 1. 051
bRy L, 285 2.037 1. 666
B 2Rk 1. 293 1. 398 1. 346
Bz 1. 331 1. 396 1. 364
B AR 0.742 1. 369 1. 055
=i 1. 207 1. 404 1. 305
o AR 1. 165 1. 325 1. 245
£ 135 1.199 1. 604 1. 401

EEN - g) (T A R S A |
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B gt ik e LA K B2 R

' HEUHRN

EROFS R Een

''''' =3
LGS TN e
=

§ - - "
LB

W 5-5 22 543 AR 85 & 1 95 & i d @
(2) & Adpdais
TAD-8 5 22/ AWBd AL 95 F F N qpdcRH A AR B8 £ T 90 E &
AR S 5P 2B e B ERR 2 AT B 1o AR EFA
A4 EH o HRRT S RFER; a AR ER 95 & 0 F gy A1 K
B

&

AT A P RIRIEH 0 B BRI 379~ ZHREMe S 3 B BT A
PEFIRXEZ IR M-

dOF AR ARB £1 05 & AR EER S S8 2 AL
PRERFEA > By FREHHR A BB L 2R o EHOT S8 22
PP i d LB BN RS ET p_x_ﬁ‘u e 5 2B ég_g ,ﬁ&?fé'%—jm'f L1255 R

SR LG RS Y HIR G e g e AR

35-10 22247 A W85 &3 95 & § s

$oiidc  85E—90E 90 E—Q5 & LIRS E &
oA 1. 356 1. 216 1. 286
= AR 1. 582 1. 240 1. 411
AT 0.742 1.195 0. 968
B R 0.968 1. 332 1.150
T FIRA 0.625 1. 869 1. 247
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s

FREAN

3 0.908 2. 142 . 5725
AT B 0.904 1. 157 1. 030
o & R 0.498 1. 333 0.915
e 1. 010 1.909 1. 460
= ¢ R 0.503 1. 380 0. 942
A 0. 390 1. 899 1. 144
Z R 1. 371 2.504 1. 938
% PR 1.124 1.209 1. 167
&7 1.016 1.003 1.010
EEBR 1. 006 1. 258 1. 132
nE 0.500 1.282 0.891
=% 0.990 2.161 1. 576
s 1.101 1.414 1. 257
Bz 1.119 I\, 22 1. 171
B K B 0.374 1. 191 0. 782
- LR 0. 760 1. 363 1. 062
= kg 0.770 1. 461 1. 116
& T3 0. 892 1.488 1.190

- ’ HRER

MBS Y R IR RO I

L SRS o 0 32300 44000

S

W56 22 %% M85 &1 95 # & Vg
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§ o8 BRI E A

BT 2o RIEARE 902 95 & LBk 2 2K E > T Z B E
B te BCCH5Y T #r R 2 s R B 52 2 7 i o 2 R F] e

Ry ® - @4 HraF @A 47 RypAR 85 ~90 2 95 & »cF & & BCC #:58 ™ »%

FiE R B heT 4 511 W e
%5-11 &85 3B & Rk B

i B 85 & 90 & 95 &
et 1 1 1
A 1 0. 92939 0.9697209 0. 8844438
AT 1 0. 9444249 0. 7924524
3R F TR R 1 1 0. 9894459
Fe R 0.997002 0. 8250307 0.7251448
2T 1 1 1
FTT B 1 1 1
ERE 1 0.9381623 0. 9337871 1
s W 1 1 1
- o PRk 0. 9405862 0. 7735966 0. 727535
A 1 0. 9607582 0. 9526258
2 Rk 0. 6836774 0. 8543324 1
2 K Rh 0. 7638558 0. 9989317 0.9454716
57 1 1 1
AR 0.7116657 0. 7499772 0.6704345
ca 0.9461877 0.8054712 0.7622327
#IE B 1 0. 8181526 0. 7770745 0. 8153765
B Rk 0. 549294 0.5629046 0. 528831
B 0. 6828134 0. 6348419 0. 5526289
BB 1 0. 9228559 1
fn g TR 1 0. 8680346 0. 8791986
R ¢ 1 1 1 1
e BT 0.907309 0.890079 0. 873901
oA E R ] 11 7 9
ek E <3 0.9 5 6 3
e E st (.8 1 4 3
P d E M T A 6 9 7
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%= & Tobit® iF4 47
AT F PRy RS ¥ - FFE DEA RtF 225 &y L 3 7 A (censored)

chipft > Bl 3% Tobit B #75% fFHCAI 47 0 & - @3B M2 »ef @ iv 5 2 %
B m g B FHEEATRPEO RS Y S N AR FREARR DERD R
AT iR A CIL G s R AR ET L FRATE R 2 &_;ﬂ&;ﬁﬂ°

*pifﬁﬁggﬁ‘% I$t 5 oo @ R RS gt E e S > Figa A 4T

A2 RFGFE GA A ST K B AR Y S B L
“ (Lozano et al., 2009) - @ > A= 3 F £ 23 & B &7 hendn
NI A ArA SR B B e 0 F A BRKFRT SRR LR 0 F] A on S B 4e
7 BOC HEsS 32 3 o e > PR

-
ETIRN

BT

Flagdvg B ST g ook B TR AR A o @ TR R S ek B 4
(% g7 2005; Yu and Wen, 2010) - Zhang et al (2008) # -+
-2 B FfeGDP 3 M omd AT R R ARG TiEE A WAATFNRT AFY

#eri Lo A &g T LT it & B e

@ﬁ%é@Eﬁ%%?ﬁﬁﬁﬁwmﬁﬁﬁéﬂﬁﬁwr%%ﬂm&@é&%,
vy P AT EAEREBEREL RS ERS KR

BoeF o AP A RAT C AEEFRES DT FERP 0 F REBEHIERR
P P

22

i
34
gl
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e
N
pal
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S
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N
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BgERR rﬂ”“lgﬁ"“’ EHRRRRA T AR A Tl B N A 3R

AR AR AR R ot ek 54 i EeE Y (LR

2001 ) eI T H FZ R HF R A A S BT 2 ARG O NS EL LB SR
2 4 ARMFT 7 >t CCR Hiost ™ SR R R AN R 5 S 2 AT 1 DMU T 51
%ﬁﬁiéﬂvﬂﬂﬁ%g ORI AR T 2 A SRR g R
BCC 5t 17 5 -8 (2 K ~ 374 & 2 (5 e » 2008) -
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ST ERBEN S SRRV ET Y T SE T ERELEVE S
HURBEF L oA 0 ED mAEY 3R A EFUCF EBE > TR R

(-) BAFESERP
0otk gt * Tobitiw g »P P ERZTS 1A TRELZ &K Fik
RHANFE RN ES 5 TE (Limit=oo, 1) e 3 7 ;‘&’,%%’r‘v ERN b S TR il 2=
B REOPER 0 FER AR 8590 2 95 £ it kRl o LR
F A 7304 0 d 3 Tobit 22 A 2 BRI HA]2 F % 2> @ 3 Likelihood
Ratio test (¥ 5% > 2008) VyHZpFHE L% 5 > » WEH G2 Lo
ErTE &2 BB FEFHEP o @ d 3 Tobit ﬁﬁﬁ?@‘fq‘ﬁi?d B o 3 o2bdo- e ﬁr%
ERFOHEREEE AT Ea s ikl f 2 EFEREE T (B
0 2008) 0 12 A E 2 A B 8D & & 95 & E (7P

IR+ > EEHFLE  Br 243 fra WP EHF LR - 2 %
B ENFT DA E b F AR ET X fearBd 10%8 % k8
A

o

2 g &9 2475 hitp://www.worldbank.org/nipr -
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(3) FABAERE - ~2mg ¥ s (A=)

(- HRFABE¥EeFAT IR TF > EdgF -k

frR L IR EHFLE > Tobit HoAIfeif & L4 o
LS AP AL S BAELGEEAEET
Bon FABAEHERFEE v ghoaE L E R
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S U VAN A PRk

% 5-12 2 P85 & Tobit i jF ¥ FH A% %

- s AE (FAl-) TGS ED

. % 2 it 25 P . i 2 it 25 P&
%&?ﬁ_ # 1R 25 f%‘ﬁﬁ:"{«ﬁp- % s
¥ #cIE 0.502 0. 456 0. 285 ¥ #cIE 0.309 0. 440 0.492
“BAEE- A BEE- A
. é‘i i 0.7 0. 405 0. 089% A@lfg i A 50 0. 356 0.113
% | |
A 22 E I W A A 2L E E P W A
P % I PR ) -0. 005 0.004 0.187 P % ,E,F PR ) -0. 005 0. 004 0. 243
Tl B iR A Tl ) Tl Bk A Tl )
FAEEV L i Hr i 1.16e-07 8. 15e-07 0. 062% FAEEV L fiz g 1. 62e-06 8.29e-07 0. 065%
LR test 7.59 LR test 7.02

(p value=0.055) (p value=0.071)
Right censored 11 Right censored 11
Left censored 0 Left censored 0

K RkA Bk A el f 10% DRI E R BT o BTE L% 0 o

SAAE (HAZ)

% i L P
¥ BT 0.308 0. 385 0.433
i3 —’H’iéi S L 1.200 0. 019%k
ZZapEAT
FREERRRRSA ol 0003 0.180

IR NS R Tl

A & CLL 1. 56e-06 7.07e-07 0. 040%x

LR test 10. 72

(p value=0.013)
Right censored 11
Left censored 0

Sk RS Bk A hdich 10% ~ SYRTE KRBT 5 BEF L 0 o
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0.1 BF-RET LR T F 3 EEAFRE > BT X WA fom £ I
LHFLR  LRES WF A FETARSEE (N F KB 00 6 I
PR T SIS ;go
(3) AaMHAEE D
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LRBEFN T B A ET A el B AMA LS~ 2 g
WO E K FE L E AT ET A RTIEFIER L e $h 0 54

(B2 F B R f e B o

(s

—\

it
w
[
e
i
Fi
=
!

L

@
J“.'Er

A

#

98



B G- e 47 o B R 2 Y

% 5- 13290 & Tobit i jF ¥ WA % %

"W ¥ (317 )

S L 4 e Pi e s P
¥ #ot 0.790 0.279  0.01%  F HoE 0. 681 0.258  0.016%
;ﬁ%#%”‘;&é -0.387 0. 239 0.123 ?%%%”\;&é -0.292 0.214 0.187
£ ) £ 1t )

fﬂ“; Z;jf ff z\L f&ﬁ ' ~0.003 0.122 0.122 j'f; “;% ‘i“ E\L ﬁ}"m BT 0. 002 0. 154
5 AR &V At 24306 1.22e06  0.060F & A K Ev AFetr@ 252006 12306 0,055
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