EanstE £ Transportation Planning Journal

Fwt+—% F-i Vol. 42 No. 2
EE—O=4%x<A June 2013
B9~ 7120 PP. 95 ~120

A B AT e o 47 5 A 31 5 3
SRR 7

ESTIMATING PARAMETERS AND COMMERCIAL
PERFORMANCE BY USING BAYESIAN STOCHASTIC
FRONTIER ANALYSIS METHOD

#At & Erwin T. J. Lin'

(101 479 F 17 Hikehs - 101 4 12 H 25 HEE—X ek
102 55 1 H 24 HEE K& > 102 5 6 H 10 HIER)

wm B

R R R BAGHE AT i s mAE > LA es A R
Z AT iR B LIAREERZHAX - B AR KA FAE S
B BE—FEFEREZAEM  AEARRKBMNEREZRREK &
P A3t 2 - B0F BT SRR B4R i R AR 8RR 2 ESUARAE - AT IR Y
o ABOEL— K 0 ABTR T ABA R KM AT 0 A7 5 R 5 3
BR T Z A FAL 0 A AR AR B AT A 38w PR R AR A A AR AT AR |
RS2 8 RAF o @R E BRI - £ THT @ AP 24 RECHBE K
BB 8] 2006 £ 2008 fay S IE Y o 5 4R B Ak HORE SR
2 E A o KRS RAT > A RMAMAT G 5 AT RS S AN
BXER REEAITER > ARG E TR IER - ARG

RASESE - AMOLIE 5 B Rk 5 A BIERR R

1. BB K EIREAT B B R B (Bl « 52345 B2{LIRIREREE LR 369 SRIHE R Z
BT HY B R A 5 W& EEEE ¢ 0937-893807 ; E-mail:erwintjlin@mdu.edu.tw) o



szt FEF Fwt=—% %= RBE-O=%#=<A

ABSTRACT

The most commonly applied commercial performance evaluation methods
comprise the data envelopment analysis (DEA) method and the stochastic
frontier analysis (SFA) method. Of these methods, the SFA method sequentially
requires the researcher to establish functional forms, calibrate and estimate
relevant parameters using the maximum likelihood (ML) method, and estimate
the efficiency values of the various businesses. However, the estimation of
parameters using the ML method often yields incorrect signs, which
consequently violates the regularity conditions and results in convoluted
conclusions. To rectify this drawback, this study endeavors to employ an
alternative Bayesian SFA method to calibrate and estimate relevant parameters
and efficiency values of the businesses. The advantage of Bayesian methods is
that conditions are restricted to the SFA model. This facilitates the calibration
and estimation results to comply with economic regularity conditions. For the
empirical research, this study collected the operational data (2006 to 2008) of
24 railway companies located in countries that were members of the European
Union. Subsequently, this study established output functions to estimate the
operational performance of businesses. The results suggested that the proposed
Bayesian SFA method successfully yielded results that were more satisfactory.
This study further provided relevant conclusions and suggestions based on these
results, which can be used as a reference for future research.
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AR BUERL R 72 52 - 2 2 MR E AR ATHI B IR z-test AR ELIRAAHAR AR AY-£2)
B BIE z-test 1S EIHUMET Ry Geweke z-score » 5 HAE KR 2 » FORESPHIBIHARIZE
gt HR I » Rt R AR RS -

H IR miErlsE e 2 —P 3 » E e Taa— RO - B4 ZE R AR
BOETEBERK R o W0 DAHES AR B - ANt LSS s ety o AR B S R AR A » [RTRy 83
POER R — 2 A ~ ZREMZESE - B2F LD - DUESE D IER R Rl E - 5
o] Pl o S B AT AL R ORI N WL N RSB © 5341 - APl - B IR JT AR Rl —
e RN AR - t—a i PR =R R i TSR 2 R i 8 - TEINAE R
BT FEAIZE (10) ZORTGEHEMIBESRE LR - b e HZ Sl - 175 » A A S <%
HEHIBE SR R L B Ry T — I B L BT THIHI S R B FE pR B - PR H IOEBELDORAS ~—FE
BEZ B HEMIBE SR R ph B - BRI —EF » BRIl -
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3.2 SFA %

R EEH v $RE @ B AEESR () FTAREE - FR RS A B R AR s ks F 2 A~
T PRI - BIATEET. ~ K ~ SH5EE - Aigner A ) S baME AT AL AERRE T -

v, = f(x;B)xexp(v,) xexp(—u,) = f(x,;B)xexp(v,) x TE, (17)
JeBESR R P HERINBSE
—
(Prior pdf) (Likelihood)
HIEH
(Bayesian Theory)

v
(Posterior pdf)

o

T ?

e )

2 HRAMEZTRRR

BEEE vi RBEtaRATE - a2 HEREN - SET80Ry 0 - BERBUEHE 8 - FIDUREREH
ARFE S HAMATEERIZR » T we Fe—IF R REMAE S - F DAt EoRcna 4 2 2 BT R -
Fetsehls TE(uy) BOH » UESBRER A RCRIRE - R R IR & - ST R s Bl iU
‘HRESMND (half-normal distribution, HN)~ ;B B H RESPD (truncated normal distribution, TN)
BOEfEE D (exponential distribution) o [KIFy>FHRESMECEETHY 0 - BETRLE RE > B
R ERE R RE O Fo PRAEET AL R RE I BC . R B » FoosR—fieft - AN EiiE w lliRTE
BT RET - BT 10 AR SFA A TFI 3 B

2 U] 2252 Kumbhakar i Lovell 7 »
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(1) vi~iid N (0, 6,7) ;

Q) u;~ iid N* (1, 6,7) ;

(3) vi Bl w; G AESENT. - B R B N R SR

friE e s | vléﬁi i FIBEREE KBS (V) B f (Al i

)= J%ov exp| 5o | S0= g )exp[—%] B O0) By
FEHEERE D 2 2 AE /P PR (standard normal cumulative distribution function) o [K )k v, Ed
u; FLAEARINT » SOOI AR AR PR R (] RS SR B B R B () BRL f ()Y 3R » 21 S =0Poms

1 w—u)y vV
V) = —_— 18
f.v) 2ro,0,®(-ul o)) exp[ 205 ZUV2 {19

& v=etu, Il u B o B SRS SRIAT N 2T -

_ ! W) (stw)
S o Gu)eXp[ 267 20 ] {1

& MBI L pA 8 (marginal probability density function) FJ3Z55efE 58 H, - 40 F =
AR

. 1 u el (e+p)
= du = .p| L. _eThE
AC) IO f(u,&)du om0 0o ) CD(UA Uj exp[ Py J

:l.(o(”_ﬂ).q)(i_ﬁj.[cp(_i)J
o o ol o o,

Ketro=(02 +02) 26 2voud = 0, o, 4O, FLO.DO) 53R FAAE R RE S 518
BRI R SRR SRS BRI f () S U SE (log likelihood function)4 F :

ed) 1 (¢e+u ?
s e

S (R TE BRI RCE 2 - A FEIRARZ - BIA] DUScABRAE KR -

(20)

f|e)= AU ! . ~exp{— (”_‘2‘) } (22)
/) 270, LI—CD(—,U/O;)J 20,
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liel;:A f(”|5) FlRAE N ([1,0'*2) A RESTIC E_[ti = (—O':é‘i +,UO'V2)/O'2 » [G]Ff o = 0':0'5 /o,
1E u R ¢ WIHHEEE AR - RIVTAAG R < SR TE 4= (23) » 315 Battese B

Coelli ¥ -
l—d)(o; —;t,./a*)

i 1—@(—,]1,/0*)

3.3 ELIEEEEKE] (Output distance function)

TE, =E[exp<—ui |“%>J exp(—,u*i +%ij (23)

FERSIE S e AR EE B nT U AR G OB 2kt - (s < Blse ST -
S={ (x,y): x RELEE »} 24

bR ) A R AR T S A HE AR A 9 /N ] (Féire Bl Primont ™) » 451 (convexity) ~ 5

Tl (strong disposability) s 28414 (closeness) [z 5 (boundedness)e Fire il Primont !'”)
S L — A AE R T A BB R Ok RS o a0
D(x,y)=min{5: 8> 0,(x, v/ 5) € S} (25)

MEERAEEREGN LR - BaENEMEEChEDE v WIEREM (non-
decreasing) ~ ##M4[AE (linearly homogeneous) ~ 4RI RKEL » [FIFFL 2 AR x IFEERY
(non-increasing) FIHEMTPERYRAEY - HRE (v, y) BRAEESLS S QD (v, p)<1 - E—F
KA HEE () BINEESRES SHURTE - B D(x, y) = 1 - I—HREEY &R - tht2ik
BERKE D(x, y) » HEIRTHRFSE ARG ERABZBI T » ERRRITHEY & » FragniT
BRI AR FE TRE SR AR -

P e bR O ] B DU BT R A2 2 Sy - thn] IR & 5 1% (shadow
prices) HaF:fliiE {1 (substitution properties of the technology) » FEEIIIHTZEHIAN : Grosskopf
g A POV AN SR R A R SIS HH B R SR BB (revenue function)
SHMERACR AT LS 2 i sg F-(EA o SEE— ELRSHER - R0 (D PR RERK BCAT S m (A H
fRfss » RIS 2R DU SRR 218 o 2R th @ 8 v RE iR nu R - th
SRS s BB REIRCE » I —2 FER LR DR Mt A iy B b - BAS 2 s A
(output substitutability) °

o L - s FERAEE R A ERE 2R RIFE BEZ - KIS aGE iRftiR
HHE LK BT HE SR P A5 (B » B e R e DR PR Ay R e s B e S e By B3R P AT
HEHE - BB AR AR e » & S A S R MR AR o AN B - B
ORIBERE -
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3.4 BHEEELEEEKE (Translog output distance function)

AT SR BT R (R R B &SI » o — BT RIS - [RILREE Ty
LGSR - BIATSSEE ISR (Coelli B2 Perelman ™) » ZRBFFSE/I B 15 HHBEBE A - DA
R SR LR R U A R B AT - (M B R R A
DIAEFE M HEEH - QA HEREE R B AR -

InD=q, +2a Iny +0522a Iny Iny +Z,B Inx

m=1 m=1 n=1 (26)
+ O.SZZﬂrS Inx Inx + ZZ&W Inx Iny
BEBE a0, Gy Ons Brs Brss B2 O T RFRRAKHIZ B FLUMETRRFFERIERE] » atpmn=0tm Sz
Brs=Ps BIFTAHI m, n, v Je s o BEON - AN EITETERIRRG - S0 E—HfE R - iR
BIHLER (Euler’s theorem) 2 I —FEsE MRS HIREIATT

M

Za +ZZannlny +ZZ§ Inx =1 (27)
m=1 n=1
 N=URAT 0 Al (27) KEAERE -
M M M
Ya =1.Ya =0,foralnand )y 5 =0,foralr, (28)
m=1 m=1 m=1

138 e PRI ZE R Bk > FHE N SE A REERR DT —E L » BER
M REED > A (26) Bk ¢

M-1M-1

In(D/y, )=q, +Za In(y /y,)+05> > a In(y /y)n(y /y, )+
m=1 n=1

(29)
Zﬁ Inx +0. SZZ,B Inx Inx +ZZ§ Inx In(y /y,)

r=1 s=1 m=

R AL - DLTL ()RR B S - B AR Z2H - (29) A=A -

In(D/y,)=TL(x,y/y,)P) (30)

(30) HrrekEan 31 K -

-Iny, =TL(x,y/y,).B)+u, (31)

BEpE u=—InD» Fs—IE&IH (JFRI InD Ry & () - FHEAAERBRERIIERCE - 255% (29) =0
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ERHBET Fut=f F= RE-O=Fx/

R AR v BIATECRs (32) 20 B2 Aigner A 1Y At barniag i -
BE R AT S e FH LURt i i s SSCR A B R

~Iny, =TL(x,y/y,).B)+v+u. (32)

3.5 SENNIEAR R E HEER R E

STk LS A A R~ AR ﬁ%uﬁ“%ﬁﬁ%mﬁ%ﬁm RE % - B
Lau ®'"!» Chiang ' J O’Donnell B Coelli ' % » P B IEBUS A BRHIAT R » B
S B SR A L B R IR P I PR zﬁaﬁﬁﬁumy&ﬁﬁﬁ (D) HHE A Y
B SPRISGRAT R

olnD

6 = —ﬂ Zﬂ Inx, +25 Iny (33)
M R
_OnD =a +Y.a Iny +>5 Inx (34)
m a ln ym m n:l mn n r;] rm r

D B x BYIEEIERAE - AT N Him e

D _mD D_ D s <o (35)
ax alnx X " X !

/=

D Ry y BIFREGEA S - BTN /Him e

_o _omD D __ D
a‘)}m 6ln ym ym " y

>0, 6 >0 (36)

m

EHETFEBERLE D EME MR x 0 BILL D 69— P57 BE RS 5 53 1 i R 2R 8 A A e
(bordered Hessian matrix) Z0F :

0 f . f, ]
VR

F= (37)
Sy S S

itz A
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= oD _9f deD/x)
e Ox Ox, B ox, B Oox,

(8. +ee 5.6 )D/xx) (38)

Hr=sils =1 HEAS =0 - FEERE D fEFF ARSI EOZEMEM MR x - H
Feor et ky F F 22535 (principal minors) M FyE o $TRBREERREL D 72 y Forl ik - DAZH
ZRERE PR A= 5 (Hessian matrix) ZTF :

hll hlZ th
h12 h22 ot hZM
e (39)
g Py |
[lidl;4
n oh A D/
0D _Oh, _0EDIN) 4 hes -5 DIy (40)
aym ay n ay n ay"

PHEERA S D K EEFE ERIER E Bt y - 5 HYEE H 2B E BIH 20) - fE5RER
RO E R - R AMEEL (M=2) BAEMIEYE » & HES
a,, > £6,(<0.25) o FARKRIZRGE R — MR - DMH an=—oan=—o1=ay » [ eter=1 &
& SeRERIVTRERA |H] =0 8 H B I8 » 5 HMEE (anteiea—e1) (D/y1y2) 2 0 BiZ (o >
€182) » I B2 —MERE 616,02 0.25 -

M~ BESH
41 &N

ARG E T < BRI E B s I EE  (International Union of Railways, UIC) HY#t

(P - A EHRAGERRES - DUOTESGEE G EAAEE - IR B Sk~ 7 5 AT A
WERETE > TR SR N RIFTE VB I (power car) HAFHARRES - nIEAIMNANFEZR Z
LG > AR R RSB 2R - BRI AT TR R A E AR - Fn L
F g BB 1S RS - ARIE EU91/440 BURESBIIN - REFERE SN
HIHES - BI40 EU2001/12 $5% - 258 BBIEIER L AR P BRI - R R 2 H
B o5 B LU 1 Rl el s h i A RIE M - fELLRATR 252 - i EU
EAHBEIHHES @ ERBEITHEEA— » BLLIER ~ PSYEA BEEEIARER - R Ry R
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HEERZ + SNCF G ANBEA ELfiEaefii - B REF B - (HERR HEREtRI#ERE - {5t SNCF
BE AN I BB - RENFE FUESESE58E - i ADIF S5 EEa i HEE
MAEFER] - DB AG 77 2285 Shits el A BLR e it - TRE RN RIRYBITE TSI - Rk te
TEREHAE N ASERYBIGE - ARIFFT G 25 B F it st e Bl T B Sl S E VP — By Ak -
S4h - RIS A RIRYPE AR - AIREE A BAREL RN [F] - AT SRR - By
A5 - FPALIRRFEERRAYNEAZ L 2 » HI DU As ATERRS I -

SER E A S IuE R HIS A AR R RS )] ~ FoE R - EE R s
PRI - L GHERARES) AURIEALNE () ~ ZEWEAE (v) R o FOEIGT RN ECE
& 2B 24 RERPE/AF] 2006 -2 2008 L ETHER - MEETE 72 (EERAEL - 5355 24
RERPE A\ F B TEHIEA A 25 AT RS E R AR &R iR
HEt R B AR E R » 73 RIBRIAR %A Al S AR » BIAR s IR AE
ANLE (Pax-km) FREVESEESHRRIE (km) » BUA{SEEAVEEH B C FOEIRG BB - R 1 Ky
BT BORTERET o 5940 » ARIFZEERF] Pearson BEAREH IS8 AHRIRE » K2 B
ARG - (3R 2 HhA]EEH » Pax-km/km B2 Ton-km/km B EAHR - it &2 @ik il i
ARG EA HIHREATR - 5340 » Pax-km/km B Fear/km th B EAHE - (EHIS 2102
Pax-km/km Bl Pcar/km ELFEZ1FAHRE - fHEH{1R% 0.835 » {H Ton-km/km B# Fcar/km &t EL5
TEAHRE - (HHEAHBACRECN S - R EEE -

®1 BUBRKR BRABR)ZRA - EHESB ML

UK Pax-km/km Ton-km/km Staff/km Pcar/km Fcar/km
O 5683.8 10553.0 10.98 1.698 13.949
B/ME 231.6 53.7 1.07 0.150 0.415
KEE 1322.9 2740.8 5.20 0.459 2.954
e 1101.9 2689.0 2.57 0.313 2.448

=F @ Pax-km/km & B( RN HT4E AN H  Ton-km/km 2 BE( B 45/ B T-AEME /N B » #5448

BB AR RS EEREH THEFEL (FHE - B5H) -

®R2 BFEHMEERE

Pax-km/km Ton-km/km Pcar/km Fcar/km Staff/km
Pax-km/km 1
Ton-km/km -0.111 1
Pcar/km 0.835%* 0.128 1
Fcar/km —-0.059 0.051 0.133 1
Staff/km 0.432%* 0.198 0.596** 0.599** 1
2y eEEREOKME R 0.01 IR (HER) BEEM -
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42 ML %

TCETRIEER ~ S2HTHR - B e 2 R B R B (A (32) Rz - A w,
W REET R E RESED ( truncated-normal distribution, TN) » &40 ML R 3228 » WifE
F FRONTIER4.1 (Coelli ) BESHRASGEE » BeAbFE s K2 BUE R t EEHNF 3 iR
H3 3 WS ST 4 I —EPE— 2 BE AR - B 3 R AE P AR ES
BRTEETIRE A N EAEBH RS A HREE T RE (ZXKE) - AU
Cobb-Douglas (4%} B 82— R ARBUE SRR FIE R IERERS » RIEL - (E2%
Feflitg » BHRBUE AT — A - T 7 IR 2 806 I8 S RV B TE B -
HURR AR b3t ML A AR B » B DI —RIRMsT (BB 37 ~ 38) BlBHRRA
BT TR R B IERU G (BRI » BRI B RR L Dy x R NRA S - UZE
WEOInD/dlnx <0 » FERAISEEARBE L ARINLEE - [N - B8 D Fy v BIERIRA
B MRS BCEAGRE IS + BEME 0nD/ony>0 - £ 4 FERmills &
R IR OB A L T R AT R IE » R I RIS - Heh s (E

&3 MLZEBBRZZZERMGER
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B ML ARk
28
FREL t 1 FREL t{H
Bo -9.3169 ~19.0850* -9.703 —11.844*
A1 (Iny") 0.7819 3.6979* 0.681 2.483%
B> (Iny")? 0.0700 1.4004 0.070 1.049
S (Inx)) 2.1840 4.1170* -2.181 —2.468*
B (Inx,) —2.1844 —4.5629* -2.261 —2.813*
s (Inxs) 0.0765 0.1689 —0.887 —2.009*
B (In*xy) -1.5661 —4.6591* -1.613 —3.051*
B (In’xy) —0.4548 —2.0137* -0.211 —0.625
Bs (In’x3) 0.0497 0.2881 0.119 0.612
Po (Inx;) (Inx,) 0.6382 2.6044* 0.206 0.504
Bio (Inx,) (Inxs) 0.1359 0.7253 0.109 0.473
S (Inxy) (Inxs) 0.2084 0.7538 0.207 0.656
B> (Iny”) (Inxy) -0.2507 —2.8224%* —0.257 —2.053*
S (Iny”) (Inx,) -0.2813 —2.6251% -0.275 ~1.990*
Sia (Iny") (Inxs) 0.0238 0.5123 0.020 0.329
sigma-squared 0.0395 2.8441* 0.039 4.267*
zeta 0.3217 4.1713* -0.033 —0.247
AR 0= 0.05 TEEERRO0 -
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FEHLZFE ~ AR > S EE SRR AR E S IEAR R IFIRE] - PR IE2€BAE ] ML A%
fliIRREL » HrP DI ATH x5 ZARBURIE - HAFERMA— KR 580 52 EEASES (5
52/72=72%) ERIEMGRIF R ERE - 2ERMGAEREAME - REMROEERE -
EAHSEIZRER (R ENBRR - ASH B ERE - BA L E S i SRR
HIRES > BB PR IR SFA B - 2 RUIRIMmEAy RS - SR et
T P H ISRl » DASRIE ML & 2Rk -

&4 LAMLERMGEFTEZ BRI R

TE olnD, olnD olnD, olnD, oD,
= olny olny, olnx, olnx, dlnx,
SEHME 0.6549 0.3451 -0.2314 -0.5299 0.1457
PEY Y EFIN i} 0 9 21 12 52

43 BRAHE

ARG (3.1 &) Pl - H IR B E 2 R R S e b R B e B LB A A R B B S B
PR R B SRS » [RILL - FEF R IRk il » SR E & — st R - #8200
HEELME DAL - 2550 EEVE ZWFTeRR - AW E & i A T i e O
PRER - JRENEE (32) =X - Wik 3.2 BT 7 s R DA [RINE - O S AR AL AE
R IEY0E - IRRER 4 FE ARSI Y IE G F - ANTITZ 2o B il o S50 S R T HH i AR
53 FREMMARTABEER 0.25 Z PRI - sk /2 B SN e bR BBk €16, 0.25 -

ARHFZELL Spiegelhater 2 AP RfF SR G2 ES WinBUGS » SRMT £ S8R A Fl 2 B
SR - s M E - 2 N - WinBUGS 2281 » 2 ENE N
BEFTMAL - IRAT2% [ Griffin B Steel )« #AJEER » WISEE BRI T IHrag
PG - sHEHER LRI B TR R - B HASCH DI 2 fE A B - LU
FEA RIS EZ AL - #&LL acer Aspire 4520G 30 HIERS (CPU B AMD Turion 64x2)
SGETL - FERRE 2880 B » 8 2,237,700 ZGHEE - 155 IS > Al FERECERIN DR 3 BT Wt -
FiH—HRI9ZE » DL WinBUGS f&AdiF » BEISC AE Rl R ¢ - 3% 3 i ¢ E1RE
FAGFTES: B (ERRDEAERRENE -

BIERER 3 2SR DI - JE H K TERTE —XEN 2 HUI#E - HEEERR
EoIERE - A0 p1 (v B9—KIE) By iF HEEEE R 0 IESRARE B RS 5 fs, fa Ps (x
—RIE) Ry HEEE R 0 AR AL RT3 ML JFEIERAIAA 3
A AR —KIEF - HRE (B3, fs) FFREiharny » SRS R~ H K758
ERL - S RENEE A SRR - WELERR - B IKFIE TR S R 2R - R

3 www.mrc-bsu.cam.ac.uk/bugs/winbugs/contents.shtml
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HEEE—RIARFRC IEEEE » [RAFTE SRR EER —X0E - #it BA S B e
O FEN —RHEE - WEE PR TE AR 5 ([ —XR6sT - USRS AT E SR
BUE BRI - RNt EE B R R B — IR » DnBe 2 5 2 R
i+ BEFME I L RS R R (E AR R - B R AT AR — R X R - BHE
TEAE AR AR R & IERURA RG] - R 2R S BR AL < 2 L BERE K B Ry N AR
Ry =y, /y,)

InD=-9.703+0.681lny +0319Iny +0.070In° y" —2.181Inx, —2.261Inx,
2 2 2
~0.887Inx, —1.613In” x —0.211In" x, +0.1191n’ x, +0.206(In x, )(In x,)
+0.109(In x, )(In x,) + 0.207(In x )(In x,) = 0.257(In x,) In y —0.275(Inx,) In "

+0.020(Inx,)Iny" +v

AORIFTAL > ARG LR (B8R) Al - ESERERE S B BT & IR R -
AHI > R (BEER) R RERAT o AT 2 BA ML IEMEMRR - PRl S
PSR RURAE - BEBHEEANPRT SR - RAZHERIIRYE - FIR DL ML SRR S 2R R B R i 2
IEARRAREIRRA » IR HSCRE R 2R - HCAYIA RS r A DUR R AT SBORE
BRSNS - PIHCR 0.901 - H 3 (HEIHEE I BHATRE - 92Ty 0.022 > Hirpr >
PHBCGHER N ] 3 FRAYSEET Ry 0.907 - BREK 3 SRV TR 0.894 - ¢ A ATHAH I SRRAE 72
S o I AEREFRAVEINE - BRI » DB EIN A AR SR ACRATRE - 18 ZIRE
TN~ TOE - BUEABISEER A RIS - LIEHE (DB AG) 3 52547 0.940 ffE - BLUHA
(OBB) » #AFI (FS SpA) RiZ » 3 FEFEIRRST I Fy 0.929 Bl 0.924 5 LLFIRF (SNCB) ~ {7
JAEE (BDZ) ~ Suffistind (HZ) RIPEEk - 3 VR 5y 0.855, 0.862 Eil 0.871
e LA RFSGE R -

FR AW e E S AR L - KT BORE S « DRSO AR A H] - JE
BaRfEEEL - HREMRIER - & BEREEN T - Bk Boa Fl aE <
(0.681) A ESERE M (0.319) » tgh B HORSERTN > HERE EIETHEERE
- BEERNEN K - RIR R — M= Sy s TR e - HoRRERR (I il -
NEVrEma I ESEAERT - S 2@z i LEe T ESE R 2 i B RE DRSS A
b FANTFEFT a2 H A A BB SEBEAR. (underlying theory) FHFFE °

h %

AWTFE LIRS & 24 SR80 ] 2006 428 2008 SRV HE R, a1 72 {EEHES
BLELIRA SFA JEIHFERELZER - FER DL ZIHFZE6RFIAT ML A 2 BB R BCRIE - (2
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ML et 2 U0EH 8 PSR ER L IE R - gl SRR ARG - Rl bR
K ARWTFREEE ] R RIS A - 24 AR A F] 3 SFAVER ERERIREUR - DIML
TR Ak 22 B B 3 S A E AR R A BR T AT R IR Mk » A5 SRR AT il 2 228
{8~ FEEF— e AR im e AU < IR - 280 RAITR AT iR B R -
FESEHR & BT T-HWFSE > 140 O’ Donnell B Coelli ! BEAFEAG L ER ISR - FERT00E
IR RASGE L E Risa i NEE ) - (HARIEIER AT - AWFEIRIBR AT L
R R B B R B - B DR R N R T - BERARIEERRE — » ERE
B P THISGE VTR L — R TR 2l S A TREYE R - WHEE—SEAEim e IR R K2 ik
DIgETHde - 5500 - Rt Ie s a5 » st B RCEEE - flana) « @ik
FraTHTIER -~ BRI FEEF SR - R AMRE - &3 - (L SEB IR
o TR b T LRI S E B B A TR o BEA - FRR SR D
ke P sy - SO ELHERSE - IS HEESE ~ AHEHERE G - PlalRitR
RREFESRME A AREEE - PEGER A A MIIRER - IR RS E R RIR -
QRIS AL AW R 2L ZBRA - FERBEORHTITS R - DESIAREAEIIAS R AR
FHAR - ARRATIEMHBEZEIL — BRG] - BUS#ER AR TN R ) R TR E GERE)
BORL - DRERE ST SRS B R RE A B ER5E 3 © RO - ARSCTFeE R (8 R it iy
R R Ry #5808 R P A BRI R 5 A S TR B A ISR Z S A -
IEEV B S 35 T o AR IR Ry R AAEIS T FERYRE . — » 5351 - JEA HIRATRR TR S
FhAE R WEETINR (BEER) DR BiveeE - BeRE (5E5R) -
DU s S G A R A ~ SIS 2 BORE M (R OE P HERRT -

ZENRK
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ABSTRACT

The Pearl River Delta (PRD) demonstrates one of the most prosperous
trading activities in harbor economies in China. The unique transportation
system of the Pearl River stimulates business around the world to establish
inland production facilities in China, subsequently utilizing the cheap labor and
land costs of China as a competitive advantage. Finished products can then be
shipped worldwide via international harbors located in Hong Kong and
Shenzhen. Because of the prevalent trade and production activity, the massive
requirement for transportation has led the PRD to become an essential stop for
merchant ships worldwide. Furthermore, due to the diversity of transportation
modes in the PRD, liner carriers must efficiently handle the complicated
problem of container management. Thus, this study proposes a mathematical
network model in provision of the empty container management problem in the
PRD. Considering numerous factors such as heavy container dismantlement,
empty container dispatch, and container rental, as well as the characteristics
and limitations of the land and water transportation systems in the PRD, this
mathematical network model can be used to effectively analyze problems.
Subsequently, by using the merchant ships of specific nationalities as an example,
this study analyzed the optimal dispatch strategies during peak and off-peak
seasons, and further conducted sensitivity analysis of various locations during
demand changes.

Key Words: Pearl River Delta; Container repositioning; Liner shipping;
Network analysis
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PRI B s < MR R G N B IR R 2 VY0 2 — 5l AR AR RS (8
) MR A - ST E IR B - MR TGS RE R - —EssEaIiEE
B R A AR BB AR A 0 o AR [ - SRR A KGRI B
B - A EARE R IE Y B BRIRRS - AT DABRA LA RElE st AR FE TR R - HS57 T8+
M RRA R BY o R AR R i et U R 368 E A9 70 - e s <5 7 =0 2 A v B R 5
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ABSTRACT

The carriage of goods by sea is an important part of the international trade.
If goods are not delivered at the time and place as agreed, freight companies are
held liable for the delay in delivery. International seaborne trade is mainly
governed by the Hague Rules (1924), the Hague-Visby Rules (1968), the
Hamburg Rules (1978), or the United Nations Convention on International
Multimodal Transport of Goods (1980). This article mainly explores the nature
of the responsibility of delay in delivery, compares the international maritime
conventions (incl., the latest Rotterdam Rules of 2009), and examines the latest
international trends of the liability for delay in delivery. This study showed that
under the balance of shipping developing trend and national interests, the norm
of carrier’s liability for delay in delivery lacks uniformity in the international
maritime convention, and the coverage of general voyage policy excludes the
liability of delay. These negative aspects not only affect shippers, but also
damage the interest of consignees or bills of lading holders. The regulation of
Taiwanese Maritime Law about the liability for delay in delivery is insufficient,
and thus applications from the Civil Law are required. In view of the developing
shipping trend and the formulation of the Rotterdam Rules, this paper proposed
amendment to the liability for delay in delivery in Maritime Law. The research
results can be provided as a favorable reference for amending the law.

Key Words: Freight transport; Delay in delivery;, Cargo claims; The
Rotterdam Rules, International maritime conventions
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i ~ VT R CIRNRAZES - MLl -

BB 2 35 - s M e - (R YRS B R 1 A IR B
LIS » HEHEE FAFRSZIETE « REEE b RAAHBIE S8 » R L sy
1~ TEARETARRS 15 REE o MR AR (prima facie) » LIZE
BFES IR SR BB R B © IEEh - VRN 1998 £E1ig I Btk Bl rh B 1993 £EYgR4 YA - I
g b EEYRE% AR AHBAE R A - WSO BN (Tetley M) o fAVABIYGRGY: - BERIASGER
NZRHBAE S BT » @RI - 7 HABIENE st - S A &)
ZIK ~ BRI IS E AT RIS E -

S EYIERAERN SRR ENIFIN - 2R E E S BLE IR B - 1%
JBANHEAE ; HHEER KRB A GBI - ABEX A EER B HE - 5+ SR
SV EEAE 2 S BREL AT - AR H S BRI REE AR R B 18~ KR DU -
CISEEIENE « YIS BHCBAE., SIS - FERHAA LB E

2.3 EYRMEEILEER

35X AS(EEAE PRI S S B LRI AYE - B AT HET - [A0E X A TS (S
NETERARHE TRy LAY = ATBAEZIHTE - Al R EEBHE (physical damages) B H
2 (economic loss) o FiFANAEEF FEREBEVIEH > LB GV R BiEGH

HISEEE BRI ; REWMEYTIGEELIKE - $HEREAERT 4 Bl A HEHE
& HARERE R EREGE CFUE - NSEERTENECBL - B LRI
— B

AR | SHESEEEE 2 R - 357 1854 4E Hadley v. Baxendale'Z {4y «
R LT A2 2 35 SR T LUHEAR » SGARST DL RIECRT (BRI U0) ¢ ()& 2 RiEE
(damages which arise naturally) : S AR & FEERE A TS A > BCEERSHETEL - K&
WA EAE RGN TR RIS | B T RIEHELE | EERIS TTRERS T - FET LU - (2)

° [1893]A.C. 22.
10 11925] A. M. C. 1173 (2nd Cir.).

1 Commercio Transito Internazionale Ltd. v. Lykes Bros. Steamship Co. 243 F. 2d 683 (2 Cir. 1957); Mitsui
Marine Fire and Ins. Co. Ltd. v. Direct Container Line, Inc. 192 F. Supp. 2d 412 (2 Cir. 2001); Sunpride
Ltd. v. Mediterranean Shipping Co., S. A. 2004 A. M. C. 1 (S. D. N. Y. 2003).

12 (1854) 9 Ex. C. 341 at pp. 354-5, 156 E. R. 145 at p. 151.
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RIS &« 85 (damages which arise from special circumstances) : 555 A BB EE » HiE
EARRRIRFCHES R - BRI HEEEA BT ZRIREE - ISR RE RSt
HE - ETLUSE -

A 2 TEFRIFREA YR B - EYIEERIEAT AT L G0 - REEF A
AR REZSE » JRAHEA (Ganado B Kindred °1) « I B & FFHFLIE
(foreseeable) » 2 1 JHF AII{RIREF B YL T - 22K TSI EY I Re g A4 SRR
565 2 THIFHICRIEEE T E AR - FEERBIHBEY G EE HERIREE - (i8R
REMNER E AR NGE - BB E A TRENEREE - BB 2 HE » 5 m5E%E
N KEEE -

AT 1877 4F The Parana ° ZEftfrh » E94)58 RESBEAE R TH By M Nk I - %57
it EE FEEETF S ERE  RIEESEMEEY - SRS FER BT
3K MR SRR B BN R » RIFLATEGRSTE Lz B MkskE - RILHIR
1925 4E United States v. Middleton ' ZZ-HERY - 1Bl bslig BT RONTEGHES - ATfiE
BRI R » Rl EREZFIIRAEH - 72 1969 4 C. Czarnikow Ltd. v. Koufos (The
Heron IT) "° Zffrhr » Bz FFREHEE Hadley v. Baxendale ' Fr7 2 J5HI » 2B HERIT S
AN SEEMRRRER N BT - B EEIARE B ERE) - krld
PRTEIH g - KIHE R A FE BN E BB #IAE (change of voyage) » iR A N\HEAEFTAE BY)

R - SEEAE ] EREE - AREYTHSEECBAEHNEY TR - JRE
AFEN BT R i > NREANZBRESAIELITR » TIZAGR KBS BIRE (Tetley
[14]
) o
BLfe bt - SRS R RIS (H B - 1Sl B B OO E B AR > R 2 753 ] Hadley
v. Baxendale ' Bz 2 IR o (RIS AS (S BEAE BT WA SCHIR - RERES B2 ik— -
DEYPIRFHR LB IHHILAZAEE -

2.4 IREF

FHATLZE BIBLEEER AT A - BV EAE R TRRAER SLIRTE IR A A - BRBER
—EE SN E - BEAGELIBIE R SRR AR L E -« RIS @ik -
— i EHEAE & KSRk - SERAEATEARHE L 5 - BE Tl AR E RS ER IR
B " ERIEE - AEEm A T, R TE , EZEE - AR RV
R i - HIGEA G RBIESEE -

3 (1877)2P.D. 118 (C. A.); 3 Asp. M. L. C., 220.

4119251 A. M. C. 85 (4th Cir.).

15119691 1 A. C. 350 (H. L.).

'® Hadley v. Baxendale (1854) 9 Ex. C. 341 at pp. 354-5, 156 E. R. 145 at p. 151.
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R HE » A BRI B (TR 17 % » IR A S HETR B i s - SRR
HEE ST T TEIRS AR R R A MR S A FIR B BRG] (Tetley ") < 5t
SH IR BEIRSBE AT - SR 2 FHE - RE B B - N 2R
BAER ML » ASCERRBIE A B - MR B R E B S O PRI Tk
B AR MR T A -

= BLEYR(TELSRE

BB » B B AL (L2 SR - MR - AR
U ~ ST ~ PRI - I 2B 5 OB LA B BRSPS 0 - A
R -

3.1 1924 857378

1924 EHHESEESHK —HAIEE /A% (The International Convention for the
Unification of Certain Rules of Law Relating to Bills of Lading) - f&§f% 1924 182 R A (The
Hague Rules) @ 7F 1924 4 8 H 25 HATE ZEMEM TRIFERGEI M G 3@ » Y 1931 4 6
H 2 BASS - g A BRIZKEESEE] 1893 FENGRFA (The Harter Act) FEi» SREGEA T L%
R E R ENFRE (public policy) M FLAZELL © FIRFFy 7 -PEPER N2 FAE -
EAF TR BAEMEES T MR » 2R CURF R Rk e BRI T BCE B B B &
ZEAE GREE 1) -

A BIAES 3 6636 1| TEERES 2 JERUE » HEXE AU MGERTRE I E A B R - JLEx
BV - s NELIE ZEE (due diligence) Jeids i - FRBEMTRT R Bl - sy
fHELAEMRES) - REHCEREE LM A ~ 30 R L  BEERE ~ = R G
Bz ihsr - BEBEYZ S  GER RORE 5 POUERTIRE LR RS B - %
HEFF ~ K ~ (RE ~ BFELEIEC BT - I EX NRERE ZET - MR TR
BRERIES (3 BIEELARE (- 1) « HZFAHAIEE 4 o ARSI R B AT - HEXAL
FORIBHEZFES - BURES 4 055 2 Y IR BHHEIP T - BHRERYCEK SIS -
AR REREAT: -

BRI E S EY RS - G EE A EEREET - (AR RS EF L
FHE > MR (Tetley ') - Ganado il Kindred ™ ; Treitel B Reynolds "' k& Baughen !'*!
FEFNE ISR IPHR L - B HIRIEE 4 36 S T(a) FOEX ANEAEIRE] 3148 ... for any
loss or damage to or in connection with goods ...” 4] » NMEFFEYE B L EE
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(physical loss or damage) 7 SRIKBAE S 3RS (delay or misdelivery) (&t @ #EEYIR G A
AR ARSI AT A B ARSI BBk RO ER SR g

fiE L R A EYIRN B LT - WA BRRAESC - REBREFT SR F iR
% BSEAAKIPEREYIRR SRR HE - BREE -

3.2 1968 FE;BF R HrEEAR B

HENERGERX CF R B HAEEE RS H BRI - 7F 1968
A — R B A B R AR IER EE  (Protocol to Amend the Unification of
Certain Rules of Law Relating to Bills of Lading) - f&§f% 1968 FEygoE i LLALA] (The
Hague-Visby Rules) + 7R’ Fy /& ZE/ERE & (The Brussels Protocol) » HE® 1977 £ 6 H
23 HAERK -

TR EEAR RIBA AR R - BN FAEIREE - BV AN EARNHHEF R EE N
HARTSE » DAt A - BREEE A FEAEE (basis of lability) ZHE - BEHRHIRIFERE 5 #
B HEREARNHEIE RIS - AR - R AR -

3.3 1978 FEEEAI

1978 FEEF S B EYEE /A (UN Convention on the Carriage of Goods by Sea) » K
BB RIS BT 1978 45 3 H 31 BRI R T8 7% 1978 AR EELEHH] (The
Hamburg Rules) o B FBIEL G A BT LLHNEET 240 » $HE R B TIA M 2 180
2 1992 48 11 H 1 HARL s SREHIHIBIZ BBa R th RIS » 3 RATE 253 BBy A B e
BRIz A -

LSBT & $E 5 VS B SF B AR » A LB B - R
Bk B HC S EL 2 BRI — T I (B A BGR R A 51 AR A & B
W - BRIEEEEIRREE AR A B2 B A Z iR (Wilson U)o BEERIIFIIES S 655 1 ERHE
SERE T HCRE » FOEE A BRI - 534 (2 ik ~ SR (BT - RE A S
T < IRIEMEES 2 TERUE » sl T 2o fhBAE | (RIS R TS EE ST E IR A A 3% B3
FIR AN » HIFEBRBEE AR » KRB IEEIERE A (diligent carrier) FTZEEHHERE
RFREPY - SRR E GEREE P o IEEE L - Rl (RN T - E
%A RBEAESA T B3 (IR « PRI BT & BT » PR I L TR

TERRREWL ) B T EIREE AL AEEIA % FIET R B O R 2 B AT

7 G. H. Renton and Co. Ltd. v. Palmyra Trading Corporation of Panama [1957] A. C. 149 (H. L.); St.
Lawrence Construction Ltd. v. Federal Commerce and Navigation Co. Ltd. [1985] 1 F. C. 767 (C. A.).

'8 Anglo-Saxon Petroleum Co. Ltd. v. Adamastos Shipping Co. Ltd. [1958].
9 M 1929 FF3EW/AK] (Warsaw Convention) 25 19 {61956 FEERER/AMSERE /A (CMR Convention)
55 17 e fe 1962 FFBBXFRERELAK (CIM Convention) 2 27 fi
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(Mankabady [21]) °

BEEHIAE 6 sk AR EE(TIREENE - )R8 2 BRI g o B LU BRI K
it o R YEE R S S - SEEA B RSN LB - T EA R AR
GRS AR ESRE R (YRR 1) o SR RIRREE e B A BRI - IR
VA RN E G AP I i EE R - S5 1EEE A RIAS B AE P A S E B AT IREE - DI B &
VIFRESZ A EE Z 2.5 5 RfR - (EAMSEEE SR e B AR 5 HZ[FIfR(o)FHUE

BYILIER ~ BAEEEHEAE - #X AR ElEET - MR EY = HAT RIS EET
FITiE < FRAH -

S NEEEEAL HE - ANERECZEYR 60 BN » ISR BRI EL
ETH B ATEREA - EHERE A M AR T - 75 R A AR S B ik s e
[ FEBIFIES 19 16655 1~ 2 BRI AT BE SR § 252 5 AR IR Pk @ - By
TE R A TR B/L S0 94 S S AR KA 2T (Berlingieri
P20y o i 5 A2 ik ~ BB E A EAE & W SR » R R AAE AR P2
gL - 5215 A FIRATSZAES S B/L THAY - FEREESTET SRR - iR
Heat RIS -

e AL - SERE KB EIAS(EAE & AT R T SRR » R — TR - R
PRI (AT SR S B AT B » (R R AR I  FAWDE RS L » HEE R —
HEBE R yERRk (MR 1Y) .

3.4 1980 FEiSBIZABHEAL

Hig A AR R DR - 5#5% AR TR - B ERR A B o 2=
SEBIT  MHEE RSB T WARRET LI (Sturley ) » BEABIZESGTR, -
BRE P2 UBHE A AT EHEAS T - WiE S B VRERCE - e RSB 57K - 1980 4 5
H 24 HHEBEEHEAM 1980 F5E B EEEY 2 BE A% (UN Convention on
International Multimodal Transport of Goods) » 3= 5 H FYAE A fili (L BEL3E - SIf {58 8526 B (- HAREE -
R AKBES I AR

Wit B 26 B N A ARk - ARG R R R AT B » S B HI s i v 2 L U B i
T EEAR AR X A2 R, - RIFEEFEE AAHEEAR] - R HBEELKIIRR - R
FIPES 16 Rl E S A FAEEENUE - 35 Rl El N 2w RS BYC K ~ BB
RAEAE - HEERHEET - RN BEERT  BREYRE TR AR T HEE |
Gh > SBATTSESEES T IEYEEE | BV ERER R T BEES
% PATRARAER (B BV HIAEEE 2 TR - T SE AR E R s A B
AN RN G R NHELAE - HEHEE (SRR - R 18 R
5 DI AHEIEN EYIFTRESL (582 2.5 5B IR - (EAR 1S MBS E SR € & S A -

ZHBHEAKIEE 19 BRE » EHERNEEZR AR » %P BGE 2 B AR B A
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FEHUERRE R AR SUER - B ARISRBRRERZHUE - S - AEH VIR
ERENHEEH] - (EINEBGESEACET » FVRg » TR A R BRI - HhAK
BB AR A MHEAEATBEREEA - A5 24 658 5 HAE - XEARFLIEIRMEE
WA R HARERKSZEYIR 60 HA - KR MBS E R T @A EEE A -
HAH S E R AT -

FRAATIL - 2 2UBE AR PRGN - FHEE NS BV B R (T - TLL
HIE - FRILEFEEA S G AR A IIBEE S EA BT - HEAKEE SR
K - ARIEECRE™ Fai - BRI (B B (TR - NS R S S
BEFREI AR BB RARF RIS & - SREEAM SRR A - 252 > ZABELK
WEZ RN - (A REREHE -

3.5 2009 FEEE4SARAI

1996 SR EBIEIEEH 29 Judak - EiTEn BN FEYSEXTI AR - Rekii—
HEEEE VR ZHEREEZE S (Comité Maritime International, CMI) FE£E1E
EYREEFIRBUTE G E R, - R SRS e - KBRS EgET
FERR 10 SRS JT » 1A 2008 4% 12 H 11 Hifi# " B & Bl 2R s EEREYEE
FHIN) (United Nations Convention on Contracts for the International Carriage of Goods
Wholly or Partly at Sea) ; - £ 2009 £ 9 H 23 Hir i REFER B T - fEfE s 2009
R FIRRAN (The Rotterdam Rules) o
FERFFHRAIGIE < Y - Rl BE BRI S TR » JRINAW » B R ILRIFRR 2
Bt (Minichello ') » FEEIBE 450 = ABIBSAKT (S-SRI ~ 52 BT A FI B e
R » HEK L ] - HAME R A B A S L E T TN A 2RSS - RV RIS AT
RENENE FEXRE % BEE: - Ry IHEN - (Maritime-plus)  JEIE B B2 (Nikaki
29 o 1.2 » Maritime-plus {RfH & RARBERL SRS FEG LR - HR IR
HLH 2 BIRR AR o HERERE AR BUE - TATTE I EEREHI (Schelin ©7) « 5HERAES
MEALsEw Sk ~ PR ER R AR K - B EEEEFUE - #LE2K (volume contract)
BB - SIS SR IR A B TR EE (Khalid B Suppiah®) -
BHER 1929 FHEW/AFY (Warsaw Convention) » 1956 R BEHEEE /AR (CMR
Convention) Eil 1962 fFEEFEHEEELNAK) (CIM Convention) » ¥ WA [ BAELTH
o R R KBS — 1 » BERF PRGN RG - ’ EYIR B EEMAL
g 17 & BLEY) IR BRI - 95 Rk N B ARERE - HfH - 55 1 T X
AFEALERE - POEXEIIME - AR AEBEYZIEE ~ BRI HEAE - #EX N EEIEER
T o PLEEEERAR RIEREAHE] - B RBERE A BRI « W ARUEE 21 BRIE - B
¥ T BYIRRENFE Z AN - #EZ BRRANTE | TS o AR R HI L 2 X
AR - FERPHRRIEMBRAEARPIREER N IR B0 - HE " EhiEx A GEE
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AR (the time it would be reasonable to expect of a diligent carrier) ;| Z{HZE - 52 » I?
HERELH PR E BV - A R A BAE L R AT -

BEYAANEAE AT L AT+ FAAKIZE 23 15 4 TR RN 2 HEYIRHEE 21
HPA - TJE 60 HRNEMm@EATRIR « 5 KB H ) e HAE R R IRE - 2
RIS A L HEFE A - FISKIE A FEIHER] » FE SRR A BRI AR R - RS
60 fERHAE BAE T ATIREE - I EY B RS B IH < [H#ERL (consequential loss) » Ff Ky
A - X AEEETE - B3 22 GREHEEEHE - SEVEERER T
BIEEY) "R 58 ) - HRLKERIDL T 5 ER ) 3H5E S LRRIEER - AlES
WA 15 i[RI A A B ] B BV — (AR E TR o (H R EIRER B e R IR A ] - DUEEAE
IRV HESZ A EE L 2.5 f5hPR -

FERFPHR ISR G B AR » SRR AR P25 2 5 o ] e FL s s [] » Bi ire
DAME B - BLR I - BERFPHARIEEC A E BV B < B AT - AR R RN B 22
BEAK) - HARFCEFTEE) - Mikk T RN SEHIARA R BVt < HUE - 32 T A |
ANGFE » HERREEEE - SiEb A AR 2 vTRE » FEMBIERA—EZ S -
RILEGRF 2 B EE A B B/L £ N Rk -

FEFFFHA AR EREE R R B 2 XBHE A - BIE BV BLE L BT - EHAIZE
% Ry EE B REIEUE T S B SRR 2 » SEAKTE AT § 22 UBEAKIIRAR
JE& Rz IS IARARN « HEERFPHRRIEE 94 1555 1 TERUE » ARTRHRES 20 HBIR A
HALHES ~ 2 FE - MUEFEIINAT HE | FHm MEH 25 1 HARL - SIS ER P
FHIMECA 24 BI85 - SRR 2012 55y 1l (EHPEHE A B Z%5F HERIE] (Togolese Republic)
FABHEAE - PRI ERE AR M R AT A !

HEMNHUERESE R - HAlTS B B HEAERE T LR » AR 3%
RERTAIZER] - 5 - BIFRRIAEE R PHA R A RS » (7 ERE i — M G -
B EYR BRI » DT -

3.6 ¥REETAT

It E e f sl Bl 2% U R i - S L SV # RSB 1R - S BIRAKIHIE
HAY - AEAERIER LM BHE - BEE HATR AL - SSEIEBE AR B B 552
AR - BIESREAKSERTED - $R8%R 1 R -

R 1 RN - B st F 75 PR 2 B BT o o i SR B i 2 AR R Bl g 2 Bt EE AU - Ty
TRAERAEE - BHER AR EEORE AR - MEEE R - (AR - ZEFHn 5 &
AR EBNZEHE BRI BHEX A TSGR ;22 UBHE AR A2 E B ]
HIE - MEE T MRS - KL - AR IEEIRR S _ EEYEx ik I mk s -

BREVAAHBIE C B - BEVSUN AR $HEX ABERGEEABZEA A
it I ERZPE - ASCRS BIEIEE AR GV EAE BT ZRHE - RN 2 fiR -

—161—



EHHET Bw bk Bol RE—O=fxA
K1 BEBEALERIER
EilEYNS| 1924 4 1968 4 1978 4 1980 4 2009 4
HEW SEHA SRR e | SRBREAK | ESATEE
BRI | A TEER | TR EENE | BLONE |
sEE/EREH 1924/08/25 1968/02/23 1978/03/31 1980/05/24 2009/09/23
INFIEERH 1931/06/02 1977/06/23 1992/11/01 R AR MR AR
A FE 10 20 30 20
SRR EN
(2012/12/31 78 30 34 13 24
)
xR2 BIEBEANHEYR(TEESEZHE
il 1924 4 1968 4 1978 4 1980 4 2009 4
ST WA |ETANEN|  EEMA | SRESEAN | EERRHEAl
I
or | BARBUR | | SSEEIH | B16HE UR | %1068 1R
W BB | OonE AR
H) b H, HE H b
e = o s s
SEETE || SUE | msEmiE | BEE2E| BR
o 554 3 | 5 16 55 38
ATRIL B2 B SAEEE | SR B2
o EHE SRR | RARE | EREE | R
B 60 | R 90 [
B ~ | memmiE | musEmaE| B
EEERE || O AHE 25 (EEE | 25 [SER | 25
519 155 5 U | 2524 15 5 UE | 28 23 B 4 R
S B e | SR | st | st
SR APSETEER | 2 ot 60 | 21 FpuE
A Py S A

BRI - i B .
% 2 WA - BYIAAHBAE AT < A - BIRRISE AR B2 5 - FEIRFTATEE Bl
AR - BhlE N A RS - oratany

L g o AU BR g 2 Jeledir LA R o - 380

# - WHEE RS - REWE -
2. PAEEERREE AR T - BRITEEE N B BVIER - BEHSR (B BT - H

WS RAE %

="

EE

DRI EHRMHE - BRI AR EARE 2 -
3. ARBEX AR EER RGBSR - B EYCIR RIS EE L
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BAT  WISCHE - R FIETS (E R AR - B R R e 2 U R A] - {EE
AL E F BT - WAHREEIARYIE R BRI Z BP0 s $HBIE S ARSI BV Ry
ZAH > IRRIISE ; SEBAERE AR R 21 H - & Pindhe ABERHE A EA
Rl At -

4. AN ZABHEAKIEER A UK ER B BT PIORE - #E5
< W= KBS EE EYREE ARG A (HBAE AT - BV BB AH R - AR
BX B/L 3k — e A R B o Ul LR I 5E G - BEERPPIARRIBRZ 519 2 A ~ a2 BT
PERAR R BE AR - N5 5 H RGE RS eSS - FIE R S BR BT R HIHE - MEI i
HIH RS EYREL AR R S G#H - AR O ESRER 58 -

M~ HEIRZEESEAER

ARETERA ERBLERX NS BV HBIEZ HUE - ARl Rk BUE - Sz i
EE RSB R LB I -

4.1 BEEHRTELZSERE

SLEHAIREIN S - RIBEE ¥ BISREH - FTaEA ZIRK SRIE N RE RS R
FFEEASZEANLER - WIRWEZEK  BAZRABER L2 ARERIESE 5 M
XY BARGRIRINYE < 28 - A ERRIE L EIE 5 ERY). B AE R E I
SGH F HEEE H IR EGEE - HAr RS fRs B A i B ZIHEIS -

X NS EYIANBAE S AT - B raiE S RN R 88 .2 &5] » HRHe s -
i3 N ARGRHI B AL - WgRaiEDE 61 ik GESE ATERFRIRSG]) MUE - i TEREK ) BIE
Fo TFEEEEERY ) o AVERRDURESERE Ry H BV L SEEEZKT - R EH A S (Charter
Party) Z3EH] o M REE RS A B A ARG < s - e A DURFRIIBREN ~ PRiEiy
SE » RRERIES A A E B L BT - R IRIBI RGEHIRE - 051 TR, e LB
15 WK 2% - diEE BU SR IR 640 i GEEIZIRFEHE) ZHE - A5
KLY R TSR R WA E AR - (KL > RIGEARGSREE RIS Ry i (RBRHI AT - &
i3 AN AR -

AT s i R B S2 e A R Byl 2 Tl EEARL - DR B A (AR T A4
RUE - ISR 76 i (REEARZIBAZEITIRE]) $Ek - HBEBYILIR » BHHSEAS
BAE - X AR ~ RS ERY R TIRG] - BRIEE SR H BT Ei =8
BT - MRS - SIRBRERER 69 fk GREREFH) K5 70 i (B
EALIRED) BUE - ULl "BV IBR B ) Rl R - BY) T RfHEE , BEZ
73] A O B H B B BRI HDE - ARt - 25 L - iR E BV (A
HIEZHUE > HEAMEMEIEZ L ER |
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4.2 RZEEHR(TEESERE

ARG RGEE AR - AR AR BAE AT - R HFr SR E N R
T (SHERRAEAE S TREH IR HUE - REISFH B RE BB T % ~ IEE
[ R FLAE S AR INDAERRY

4.2.1 ZHEEZTERE

RGN ) Rt - ERVA (T EAE R (T AR RS SR T - BEGE A AA (o]
AE » HIX BRI EB A FH - BORTa N o IERBIRIESS 229 ik GafHEE) <M
JE » PRIERA A REEIIIR - S5 A B WIIRERRL - 20BIERAT ; /A e DR -
EF N EREASRE KGR - AEHAE S AR R - B2 ESRE » BOBAER(T - IR
BYREEER L RRME - INRIESE 632 fie GHESE N ZHZIRREERHE) RoE 634 ik GEEA
LB MCELEETIMLAE - FEED - ERFTEIFPAGER Z © JEREE - KEH -
EREMEEIEE - A E IR X - 2 RIRN 634 RUE - EEXRY K - B
HEGEE] - FRRIA P - SR M E - SRIRFGEA S E A @AM - HiE
ABEIRGE 5 PLELgRGIESE 69 i (REHH) ZILIEAFAERE

422 RHEEBEREERZGE

RS ERAE Z KRS  WAR RRE A AT SRR AT AR (RTsk BY) - Framis
BERYCIRE - RIEEVEGEL - BRLINZFRSERA - A5k ~ (ERS Nk
EEZHRLTCHEBHARS @GR YY) - HRRERRE A B TSR H
» ARIASE - S RREE 638 ik (IEFHENSH < HiE) B15E 640 ik BRI ZHFINE
#) BRI EEE - BRI H A (EERTR - MREE (1986) faH - A E
W2 MR » BEHTTRERMA » R LARREEE 640 BRBLE - A5 K HE X6 2 e e vy
GaR R IEEE > DOPIREE N BT - R RFEAT - @R AR L - HIS
M AR AL (M A T S2 AR B T O3k i ™ o

BB RGRBNEE N Z BT (RERi s Sl H S - BRI PIR AT - FlEE

RS B 0 DL TATZIEE ) B 6 E D) - S  HEMEER AU YR E
AT » AR Ce kil o e fs (Fraas ) o SERGERE S o A

KREEEFRAE - NBRFHEEEGE L kAt - FRENERILERE - IMGE
Kitix NIEHZ -

4.2.3 RAHELIRERERREZEFY
RIS 56 ik (B2 EZ0T7) 5 2 HEUE - B Eale—BaE ~ ik

2 RERE R 216 B RIR SIS R B -
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ABSTRACT

The quality of the intercity bus review process is the key factor affecting the
healthy development of intercity bus operation environments. However, due to
the insufficient decision support information, the reviewers of intercity bus
routes are usually forced to make subjective decisions. To enhance the decision
quality, this paper developed a questionnaire survey that aims to analyze the
importance and necessity of twelve spatial analytical factors in the review
processes, such as opening new routes, adjusting extant routes, and retiring old
routes. This questionnaire was distributed among members of Intercity Bus
Review Committee. In addition, with the spatial analysis capability of
Geographic Information System (GIS), eight analytical indices were proposed
based on the databases of numerous intercity bus networks, as well as the
distribution of residential population, major attractions, and transportation
demand. Two sample cases relating to the retirement of the old route,
ChuTong-TouZi, and the opening of the new route, HuKau-HSR HsinChu Station,
were reviewed. The results show that the proposed indices clearly reflected the
effects that the two routes have on the population, ratio of overlapping routes,
local transportation demand, and temporal accessibility. The proposed spatial
decision support information can be provided as a significant reference in the
review process of intercity bus operations.

Key Words: Intercity bus review process; Spatial analytical factors;
Geographic information system
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