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Title: A Study on the Impacts of Intelligent Transportation Technologies on Cost
and Productivity of Feeder Bus Transit in Taipei City

Keywords - Feeder Bus Transit,
Intelligent Transportation Technologies,
Stochastic Frontier Cost Function,
Total Factor Productivity

Abstract -

Basically, the feeder bus transit will improve transit convenience and accessibility
within the MRT and Bus to form a integral public transportation network and extend
the service area of public transportation system. The feeder bus transit gives service to
people so far, it cannot be as usual joint operation bus lines. Hence, we would like to
know that what the operation efficiency of feeder bus transit is. Also according to the
sustainable development whether the ITS will be the key to lower the operation cost

and improve the operation efficiency.

The information which we collected included the costs and operating data of bus
routes from nine bus operators of Taipei City. Regarding to the cost based, we made
use of the fixed effects from the Stochastic Frontier Cost Function discussed each bus
operator’s operation and cost efficiency covered by the economic efficiency, factor

prices, economies of scale , and total factor productivity.

The results indicate that first, Taipei bus is the most efficiency bus operator.
Secondly, technological progress of the feeder bus transit isn’t neutral. Thirdly, the
result of Feeder Bus Transit is increasing returns to scale during the research. Fourthly,
the total factor productivity is 0.0433 which shows that it is a positive growth of the

productivity, and the main influence is technological progress.

Moreover, we discussed how much the cost and benefit will happen after
introduced ITS. Based on the factor prices and other APTS references, we did the
scenario analysis for the production of the bus operators. It shows that the total factor
productivity of the feeder bus transit will be about 0.0623 which is a positive growth
if the bus operators introduced the fleet management systems. If they use the bus
priority signal system, it will be 0.1281, also if they use both systems, the production
will rise to 0.1301.
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Varian(1984)#t4 ere i = A x4 > o B RiE 22 4 T ’I} Translog

A SEeh S 0 RIE D ARIEE 2R TP AT L

1.

- &A= 2 AR i+ 2 4% T (homogeneous of degree one in input
prices and symmetry constraints) : d *% Translog = # 3 #c2_ 5 > 48 %
FERUIIRE AP E- A HEEELEL B35 “;(j\ﬁ_
FUom R LR E
2L f 1% 2 & ¥(nondecreasing in input prices): & 4p * A S fc: & F
Rz 2Rl sl §RFURL R P SATEZ R F§ R
IR AR PSR RIS LR U AT AT 0 TR
Z A APIEHEY AL 0 R EGRER o

H 2 0% 2 2 & E(monotonicity condition) : Translog = 4 S #cH 3 |4
R ERRAN S ABBEE LD PR RN EE I AT 0
-k i e i;%"f—'%%‘\-ﬂ&r"“"?"\*v?? A R o
w4 iE 2 24 T (concave in 1nput prices) @ A = ¥ATwn L it 2 g ¥
# 3% Hessian % 8 F 2 f L .0 & > & ;% &_ Hessian 4B 5 f &
T2 ABRIEEEHEMEL ) o U4 3R % LB Hessian 4L
2 3-3 E
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o’C d°C o’C
OW,OW, OW,OW, OW,0W
- 0°C o’C 0’C (5.1)
OW,0W, OW,0W, OW,0W,
o’C d°C o’C
OW,0W, OW,0W, OW,0W

FrRASHE A b’ﬂﬁ@fi_‘: I8 P~ & % Tranlog = % & #c A ik > '] Hessian
Matrix g4 5 -

e C C 1
12 (812"'811_81) i(slsz"'Blz) W(SIS3+BU)
C C C
H = (SISZ+BIZ) 72(822"'822_82) (8283+Bz3) (5.2)
1 2 W2
C C
_W1W3 (8183 +Bls) W(st3 +Bz3) 3 S +B33 S )

AR R BRI 20 B A R I B R A AT o
i 513;}34&@_&\ | 4 (-0.0094774) ~ (0094204) (-0.50062)% 3 f g i > &
EASfes Wiz TAREE 4 P ibe B hF e MR E D2 S A
SiBci Bk Sz IR

544 A Sk plcl i 5

AETLEERE D E LA SERE S PR REL SRR E &
““ﬂKRZ%?ﬂiw%%?ﬂ%$534a54%%od»$p;;ﬁ%@
F2 23 & P2 T 9% £ (Mean Deviation) 577 3¢ » Byt » S fe fp #7(8
2§ WAL WE AL S TAR A LIT LT »m B0 T 29 B
Sfc? 23 B Sdcz tEEE A NS Bt BN
.,_F‘ﬁﬁf—ib,#iz'?%ﬁi’ F*I%ﬁéﬂﬁ&ﬁ%l%ﬁv '/ﬂgﬂﬁ":f&’p@_ﬂ_l_ ’%‘F'T
BrERAGRAFINFAEF O apREE T £ t ERPEHF(E
_213857)-—‘? ,/‘F'_ %:Qﬁ’:fﬁ_% é ’ %FW“{FEF?_,_@M;\ * g,ﬁ\- PAE) Z\’—? ':} ﬁ {-.1‘-3\.}-}; 1B

ENES: T ] ’d@ LI‘*&R E""—%’s\ijkiiﬁgtiR %% 095,%
% 0.6958 %2 0.8722 54 :}'%—;1#%]]1\ °

\-m‘

D-W (Durbin-Watson) st3- & > % * ll%ﬁ«LIEE?F’“‘}%i' | FHREATEF - J‘EFE
FHA(ARDZ AL i L8 % B ROE RS 2 2 B $ A Sl D-W
19965 FomEEX T TE-FFR f’*‘?ﬁﬁ;ﬁ'—ri °

E»
FIIRS
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£ 53 3 A 3k il eLE

3X)
Hels
)
[

¥
|l
N

% EE S g E i t szt g

A0 - -0.2484 0.5942 -0.4181 *
Al InY 1.1327 0.1796 6.3080
Bl Inw, 0.2635 0.0730 3.6108
B2 Inw, 0.0859 0.0364 2.3591
B3 Inw, 0.6506 0.0758 8.5790
Tl t -0.5372 0.1252 -4.2891
F1 € -0.0639 0.0385 -1.6588
F2 ) -0.1035 0.0526 -1.9687
F3 - -0.1225 0.0522 -2.3461
F4 R -0.0250 0.0511 -0.4892 *
F5 0o -0.1113 0.0523 -2.1280
F6 o -0.2188 0.0466 -4.6952
F7 kB -0.1230 0.0387 -3.1768
F8 % R -0.1425 0.0387 -3.6829
All InY xInY -0.0281 0.0250 -1.1210 *
Bl1 Inw, xInw, 02288 0.0112 20.4268
B22 Inw, xInw,  0.1188 0.0054 21.9335
B33 [nw,xlnw,  0.2870 0.1483 1.9355
B12 Inw, xInw,  -0.0923 0.0172 1.2908
B13 Inw, xInw,  -02154 0.0057 -16.2093
B23 Inw, xInw;,  0.0092 0.0187 -11.5244
TT txt 0.0222 0.0095 0.9675 *
ABI InY xInw, -0.0361 0.0059 -6.1372
AB2 InY xInw, -0.0117 0.0030 -3.8274
AB3 InY xInw, 0.0418 0.0530 0.7887 *
AT InY x¢ 0.0438 0.0109 4.0002
TBI Inw, x¢ -0.0121 0.0038 -3.1845
TB2 Inw, xt 0.0024 0.0019 1.2548 *
TB3 Inw, x¢ 0.0796 0.0373 2.1340

iR 10% N TEE A
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FIF FEAAT

254 A2 aERGESLERTE

et PSS ;e FAripIE o et F AR AS
pPRETIOE

Mean of dependent variable 10.8246 0.5307 0.1425

Std. dev. of dependent var. 0.7374 0.0866 0.0476

e S

Sum of squared residuals e 0.3837 0.0487

pERRE 0.0268 0.0024 0.0003
ariance of residuals

oo 0.1636 0.0494 0.0176
td. error of regression
2 g1 m

N 0.9527 0.6958 0.8722
-squared

LM %3¢

LM heteroskedasticity test 9.1433 2.6174 0.2222

D-W <3 1.9965 13200 1.0414

Durbin- Watson statistic

5.5 f ok & A 47

AT R RS E R 2 A Sk o 02 panel data ® o enH w2tk A R FE &
BRSPS A e AR S R 2R U R A R L
ok BESEC PR - REB I B BRI O P T 2 A

A
LRLHUSA D - % ke F ek (1)

v

9
w
&\

e

(RS EARES

a4
3

AN N AN N A

Ovmin = MIN( Qi ) * Ui = Oi— Omin

¥ v

- \_.—* Z e =7 2 3
mANPLERTFEY TLA S

_L

INEE =C —C =-u = EE =exp(-u.) (53)

® v . N D v o4 = / ) ‘
Citﬁg\‘j\?yﬁjoi I_El_-_’ Cl’tﬁéé}‘;j %ﬁﬁpig\j\

B AT i ) Bu Pl Rexp(u) AT 0 B 1 2R Bl pEA

’ﬁzﬁ;:_ﬁﬂ'r‘éimexp(u)—l A& K R A exp(u):‘L zﬂ’*ﬁﬁﬁ&p\ﬁ%@#&
BaParvd L2 B REd A 557 L RERS BREWNL 5 A
oA REL B R LKA ﬂﬁfﬁﬁ%%%‘%%‘ﬂé‘“‘ﬁ"*ﬁ :
= N~ % k""‘ o
= AR R
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% 5-5 tHFRH I BALHFRL
A | B E g E | gL
=& |-0.0639| 0.8565 7
<7 -0.1035 | 0.8911 6
<3 [-0.1225| 0.9082 4
<8¢ | -0.0250 | 0.8239 8
P& | 01113 | 0.8981 5
oA [ -0.2188 |  1.0000 1
k& | -0.1230 | 0.9086 3
%% | -0.1425 | 0.9265 2
A F | 0.0000 0.8035 9
5.6 i & T
PHEMEH T R ORAARPT T R hE T MG Lt

2, EE Hyt AT=TB1=TB,=TB3=0 2 & & BX > rzﬂﬂ Ela
Constrained Model(AT=TB1=TB,=TB3=0)# Unconstrained Model ¥ 7&K iz °

RF 2% L34k > 1395 William H. Greene ¥ ™ 2 T 7] F %3 £ 6 2.2 ¢
lere.—ee)ra (R -R2)/J
Fla,n-K = (5.4
[.n-K]= ee/(n K) (1-R*)/(n-K) .
SN S S TEANF

J i

n &tk ~#kc
K5 $dcip ik

e'e % Unconstrained Model 2. #% £ - = {v
e.'e. & Constrained Model z_ 7% £ T = fr
R? % Unconstrained Model 2. R? &

R? % Constrained Model z. R? &

P REF AR5 34609> F,, =24472 0 F 7 pAERE 28 £4 LA 47
BN RIRZAEBFES P 2 L YN R A Sz 600 P AN AR R

% ¥ ~ (augument) % »c % o
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%2 5-6 ¥ A d & 4 4), §33§$L 2;5;%%1.@,—-

AT InY xt 0.0438 0.0109 4.0002
TB1 Inw, x¢ -0.0121 0.0038 -3.1845
TB2 Inw, x ¢ 0.0024 0.0019 1.2548 *
TB3 Inw, x ¢ 0.0796 0.0373 2.1340

STHE B ZHRAH

P& FHRDRE LR A Mg e R FRAT ETE
fok RBI ) B2 o & Translog e8¢ TR A B S AE | L TR F A
APAE o A 57,5859 “hw o FEMA S F AL 05233 R ki
125 0.1406 > ¢ & & o584 5 03268 7 HATHES 8 2 Far R EH
FAPPREL B A NFIRISAZAR CHX S B AEZ AR
BEA AL AFER RS ANE PR 2P RF I A EgRE
@L%i}i%f@ﬁq%*"ﬂ PRI AR G 3 Sl I A PR IR e TG

AR

2.0
e 3
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5-7 L RERB2PEFLERFBRRELG
o s 9194 & | 27 | s [91-94 &
=09 | 0.5437 02 | 0.5669
=31 | 05817 03 | 0.5752
= F01 | 0.5844 06 | 0.5957
¥26 | 05509 11 | 0.5852
Tia | 0.5652 12 | 0.6099
10 | 03974 | =% | % 15 | 0.5568
F12 | 0.4003 % 02 + | 0.5451
<5 F21 | 04142 %02 % | 0.5428
F25 | 04720 ©28 | 06316
T | 04210 £29 | 0.6062
=35 | 07319 Tia | 0.5815
X & F27 | 0.5385 =32 | 0.4942
Tia | 0.6352 = 33 | 0.5770
=05 | 05778 01 | 0.5208
“FE | F05 | 05602 [ FE| 09 | 04688
Tia | 0.5690 F02 | 03871
= 12 | 0.4229 F36 | 04922
= 15 | 0.4489 T | 04922
PR =158 | 04724 6 0.5233
=30 | 0.4242 (0.0833)
Tia | 04378
07 | 0.5598
o %01 | 05318
Tia | 0.5458
202 | 04399
=03 | 0.5091
=10 | 04770
kE | =19 | 0.4696
F07 | 0.4895
F20 | 05329
Tia | 0.4863

1] BAFPHYEFARESHE  FlAREARES,
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)},.h
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Hels

5-8 LA ERF NI EXLERTARELBRGPE

2P s 19194 & | 22 | s | 91-94 =
=09 | 0.1128 02 | 0.1275
=31 | 0.1141 # 03 0.1104
= F01 | 0.1488 # 06 | 0.1071
F26 | 0.1328 % 11 0.1476
Tia | 0.1271 # 12 0.1140
F10 | 02076 | % | 15 0.1466
F12 | 0.2048 %02+ | 0.1254
<% F21 | 0.1867 %02 =] 0.1176
F25 | 0.1556 F28 | 0.0767
Tia | 0.1887 F29 | 0.0999
=35 | 0.0583 T35 0.1173
o F27 | 0.0918 =232 | 0.1243
Tia | 0.0751 =33 0.1383
=05 | 0.0932 1% 01 0.1224
<& | FO05 | 01321 [ EFE| %09 [ 0.1568
Tis | 0.1127 02 0.1179
=12 | 0.1955 £36 | 0.1311
=15 | 0.1823 I 5 0.1318
vE w158 | 0.1911 . 0.1406
=30 | 0.1587 (0.0567)
Tia | 02107
# 07 | 0.1821
e % 01 0.1719
Tim | 0.1770
=202 | 0.1441
=03 | 0.1163
=210 | 0.1282
kE | =19 | 0.1687
F07 | 0.1567
F20 | 0.1424
Tia | 0.1427

1] BAFHEEAREEE > FINRBERRES,
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] BAFPHHEAMREHE  FIRBEARES,

28 | s |9194E | 2f | s | 9194 &
209 | 03375 02 | 0.2986
=31 | 02475 03 | 0.2971
= £ F01 | 02685 06 | 0.2959
£26 | 03069 11 0.2610
T | 0.2901 12 | 0.2990
F10 | 03687 | %% | 15 | 0.2635
F12 | 0.3585 % 02 + | 0.3133
x4 ¥21 | 03617 %02 = | 03246
F25 | 03546 F28 | 0.2597
T | 03609 ¥29 | 02693
=35 | 02518 = 0.2882
- F27 | 0.3506 =32 | 0.3170
T | 03012 =33 | 02572
205 | 03195 01 | 0.3512
~HE | E05 | 02301 [EFE| 109 0.3665
T | 02748 F02 | 03416
=12 | 03718 F36 | 03324
=15 | 0.3849 = 0.3324
P& = 155 | 03601 , 0.3268
i I f—‘-’[l]
=30 | 0.3907 (0.0584)
T | 03793
07 | 0.2863
o %01 | 03331
T | 03097
202 | 03974
203 | 03745
=10 | 03919
kE | =19 | 03898
F07 | 03856
¥20 | 0.3931
T | 03887
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LI R F 2 Allen HEFREMZE 22 F REMHT P U 2L R K
B4 AEARY 2@ FA 0 A WP AT

LA 2t 2 sl

SR SR R R F A R 3 R L
Mod A S510F F R L E /?& B G Rz plie =g g i 5IE.-@7%(FK
A ~ ¢ ﬁ&-@%)ifﬁﬁﬁﬁ'}i%gi»ﬁféﬁ TEAE S 2 F) L 2}_&_%{11,&‘;5%#%%
LA B R RRE H LR R R "‘]‘H’K:L.;E"‘];f;\“;fi&"ié‘”ﬁ? 527
4c’HT|z“P.é€EL_\§-‘%|%T§_ Tk BFDZTREGFRCE)TTA T RS

=

dE’]_é/f%’vlr;,,g,ﬁ_r}“”'1p—ljﬁ?frﬁ?7’\>\?’ F&Z>F1 27 F AR
RERFBHEREY PR R AR SR E LA T B AREER
EREE ST S L ERES 3T AEARE Tl U P S LA
S REFF R 2B > LRANEAF FThiE* 2 ERE -

LLe}"Jdﬁﬁ-‘ﬁ%Fmﬁ‘liiﬁﬁr}i’ %qﬁikﬂaj?‘dgfﬁ‘gﬁ’ﬁﬁiﬁﬁrﬁ_%ﬁfﬁ
FI?’:’]JwZ\ﬁ%@-Q%J_m%A EE S F\—E,ﬁépz‘% Pl % 3 A%k o —".%\?«/f‘r(])
FHERETAEREIAM O &7 § LRAT AP op Fg AR
i&&g%‘;’i‘g"“(z)%’ﬁ"g%ﬁ’ﬂF’“Jﬁ'%,\f%ﬂ&?rf*’%\ﬁﬁ“F’“‘Jﬁ%rﬁ%’ﬁ‘ﬂﬁiéc,
FHGRES BR Q)T AR R PREFEFAMG 275 F A KA
pEs P FRFFRERERS -

510 £ B2 AR R 2P LR BB GREBBF @
N ¥ F A PR
- -0.0278 -0.0431 -0.0958
(0.0188 ) (0.0366 ) (0.0561)

- . -0.3722 0.2898 0.4160
n (1.2200 ) (1.5809) (0.1322)
Smes -0.1609 0.1673 0.2385
(0.1168 ) (0.0452) (0.1455)

7 BRAPHBEAMRECHE  FIRBEARES,

2.Allen ik 5 R

Allen 5 B E 5 HfME > T FRFRe FRFA 0 FRFHFN
FIREARR R A o & S-11 Arm B E AW SR AT oM o RIFZEMEE 0 A &
FTREIMAM G > AR Z2ZAHLFAMG S zz-vk’Aﬂwk’F'“(06319) ¥ %
e Fé"'iﬁ%(-o.3l39)’_n'z%%z»ﬁ??dxﬁwﬁgf_)gmrs » AT A BLAUH 4 B gt

B M A o W R A B B 4 e D aiﬁamgﬂﬁ_ S AEY TR E
(1.2905) » 2717 BF& FH » chREFHFT AL > 5 (s P o ,t! s & F BTN
B2 B s RE R EEAPE o
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% 5-11 t 74 A2 F2 Allenph FRrERLFERELGIE

¥ B & 7x 74 #RE
I -0.0565 -0.6319 -0.3139
(0.0379) (1.7394) (0.2147

= 4 . 1.4145 1.2905
" (3.9205 ) (0.4072)
0.8573

PER3 o o (0.9200 )

i3 BARPEBERECBE , FIAREAREE,

XE RS TR F.-3 L2 N

Hd A AEPET R A D2 RE RS A2 PP S AEP I GRS A

= - "N 7
E o N et 52 A1

olnC _MC
oy=——=——=A,FA, - InY+AB, - Inw,+AB, - Inw,+AB, - Inw,+AT -t
olnYy AC
e
AC = —
Y
C
Y
Hd  MC ANz @A
AC 3 A d12 Tiad &

d 2 5-12~14 957 74 A AN ASEM S G 0S4 ~%ij%?gg§§ﬁ
iﬁ,a”agz\—k@_,ﬁa—k»}; ;f{;g o éﬁ_)‘;ﬁ_‘ljgg\;j\%ﬁ, , é_p;ggpg&]:\ :é,ﬁ)é,ﬁ
B 2B T AL 441034 B EFE Y PLAE D 08 Tiha A4
PO THUTEYRALF D 2L T AR TI0E - F B R A
P2 T At BT ESAFTHLAR I s 27 a Mdlicz K%
2 AF o

92 & _J_IE.‘&% S

d A 515 0 T Ao A £ kg - & 91
d BrRERESRASD G

BH 0 92~94 E F ILiE & RS s
FohwEAEE -

%512 A R 2 RAE NS AEBEFE

2P s |o19az]| 2| ra [91-94 2
=€ | =09 | 0791 |%%| 02 | 07751
=31 | 08043 03 | 07872
0l | 0.7954 06 | 0.7802
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%1
F26 | 0.7920 %11 0.8015
Tia | 0.7954 B 12 | 0.7959
F10 | 0.8056 15 | 0.8408
F12 | 0.8090 %02+ | 0.7614
%% F21 | 0.8207 %02 = | 0.7639
F25 | 0.8256 F28 | 0.8226
T | 0.8152 £29 | 0.8212
=35 | 0.8704 T 0.7950
X3 ¥27 | 0.7820 =32 | 0.7926
Tia | 0.8262 =33 | 0.8396
=05 | 07611 £ 01 0.8115
~EE | FO05 | 08122 [EFS| 109 0.7485
Tia | 0.7866 F02 | 07992
= 12 | 0.8097 £36 | 0.8396
= 15 | 0.8245 ] 0.8037
PE =158 | 09088 . 0.8018
=30 | 0.8393 (0.0551)
Tia | 0.8365
# 07 | 0.7779
oAt %01 | 0.7819
Tia | 0.7799
=202 | 0.7680
=03 | 08179
=10 | 0.7966
kE | =219 | 0.7950
¥07 | 0.7817
F20 | 0.7845
Tim | 0.7906
8 BATHB ARG RE.

# 5-13 L RERBFAIRATIHIAGTE
& v (9194 & | o7 | Bam 91942
=g 209 343094 | ww | 02 | 52.7286

=31 | 23.6862 1 03 | 49.5897
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F01 | 44.0811 06 | 53.3711
¥26 |32.1985 # 11 | 52.9964
T | 33.5688 12 | 61.4324
F10 | 529781 15 | 50.1912
¥ 12 | 48.3840 ¥ 02+ | 49.2557
< ¥21 | 46.4700 %02 = | 49.2275
¥25 | 474258 ¥28 | 50.2470
T3 | 48.8145 F29 | 51.2902
=35 | 46.4763 T | 52.0330
X @ ¥27 | 35589 = 32 | 31.3205
T | 41.0329 = 33 | 39.1461
= 05 | 56.0921 01 | 29.1513
~¥e | EO05 592051 | B[ 09 | 443156
T | 57.6486 F02 | 30.2542
=12 | 472517 ¥36 | 25.0035
=15 | 47.2490 T3a | 33.5548
P& 2 15 gl | 43.9470 . s 44.1034
=30 | 46.5070 (10.6190)
T | 423757
=07 | 38.3023
o % 01 | 39.3046
T2 | 38.8035
202 | 326979
2 03 | 44.4528
=10 | 38.8641
kE | =19 | 43.8965
F07 | 450384
F20 | 485713
T | 42.2535

% 5-14 LR ERH2IBRAFEFI AP E

2P 3 9194 & | 27 | mam |[91-94 &
=z 209 | 271374 | wac | 17 02 40.8425
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%1% FEAA
=31 | 18.9485 1 03 | 38.9354
F01 | 34.8148 06 | 41.7072
£26 | 253864 11 | 42.0319
Tia | 265718 12 | 48.4466
F10 | 42.8889 15 | 41.7220
F12 |39.1673 %02+ | 37.5364
<% F21 | 38.1904 %02 % | 37.6257
¥25 |39.3847 F28 | 41.3440
T35 | 39.9078 F29 | 41.8704
=35 | 40.2427 T35 | 41.2062
* 3 ¥27 | 278119 232 | 24.8422
T35 | 34.0273 =33 | 32.8065
=205 | 41.9920 01 | 23.5812
CFE | EO05S | 478763 | B S| 1209 | 32.9415
T35 | 44.9342 F02 | 24.1423
=12 | 38.0683 ¥36 | 20.9086
=15 | 38.8765 T35 | 267818
vE e 158 | 39.9767 2 35.2421
=30 | 36.2748 (8.2840)
T35 | 38.0594
% 07 | 29.8343
o %01 | 30.6858
T35 | 30.2600
202 | 25.0004
=203 | 36.2660
=10 | 30.6793
kg | =19 | 347169
¥07 | 350542
£20 | 37.9088
T35 | 33.2709
% 5-15 THa A - fEA A2 g AEPRIE
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0.7416  0.7795 0.8195 0.8631 0.8018
(0.0410) (0.0262) (0.0240) (0.0269) (0.0551)

444613 45.8301 432238 41.8145 43.8117
(14.5639) (11.5354) (9.5606) (8.2229) (11.1673)

33.6321 35.6447 352699 363512 35.2421
(8.8616) (8.9479) (8.0943) (7.2471) (8.2840)

A A AsE M

Tiag A(m/aR)

LRI

#7 B TPHE ARG E , FIAREAREE,

5.10 R HEHA

BN AT R RRERESEO PR A Z A BRI HAFT A
RACG A2 3 Y A & #4345 Christensen and Greene (1976)2. % &

P oo L

olnC _, g (5.6)

SE=1- =
olny o
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F SE =0 R 5 ARHIRP AT
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209 | 0.2099 =29 | 0.2249
=31 | 0.1957 =05 | 02128
=€ | #01 | 02046 | X% | 10 [ 02198
¥26 | 0.2080 %11 | 0.1985
T 0.2046 I3 0.2041
F10 | 0.1944 02 | 0.1592
F12 | 0.1910 03 | 02386
<% F21 | 0.1793 06 | 0.2361
F25 | 0.1744 211 | 0.1774
T35 | 0.1848 =12 | 0.1788
235 | 01296 | %% | #15 | 0.2050
< ¥27 | 02180 %02+ | 02074
T35 | 0.1738 %02 2 | 0.1604
205 | 0.2389 ¥28 | 0.1885
~3mg | Fos | 01878 £29 | 02515
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=t = 09 170.7481 526.9565 814.80 105.81 68535.22 68312.31
=t = 31 178.4193 579.5593 327.68 111.54 58076.05 58394.81
=t Fol 155.4056 421.751 284.26 61.99 35409.76 35640.67
=t ¥26 166.9124 500.6552 338.36 73.96 47602.69 47857.94
“ 3 ¥10 163.0768 4743538 552.95 139.67 50199.32 50144.13
“ 3 F12 166.9124 500.6552 902.92 161.80 50237.93 49840.78
“ 3 ¥l 166.9124 500.6552 573.64 107.00 4157037 41557.3
“ 3 ¥25 159.2412 448.0524 672.12 94.73 36180.3 36020.75
a & 35 78.45622 202.9303 178.23 161 5072.633 5174.179
a ¥27 124.4836 518.5468 824.78 145.99 81786.98 81459.24

il = 05 118.1823 464.8481 2718.40 172.04 102357.1 100049.6
il ¥05 102.8398 359.6426 1420.60 112.55 47396.38 46325.73
P @ =12 166.9124 500.6552 640.61 116.38 46295.12 46205.69
P @ =15 159.2412 448.0524 213.63 72.51 33313.86 33635.01
Vg = 15 B 143.8987 342.8469 495.56 24.73 11186.37 11152.82
P @ = 30 155.4056 421.751 549.52 73.75 31557.88 31511.76
5t # 07 100.1001 361.8344 2550.89 204.89 63416.14 61122.29
5t % 01 107.7713 414.4372 2401.43 222.17 72343.22 70241.83
* & = 02 329.6152 1297.01 1921.54 449.22 182366.7 181622.6
* & = 03 233.7248 639.4759 570.92 72.50 41265.15 41494.93
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ey - 10 260.5742 823.5855 1361.12 120.19 71637.58 71240.43
ey - 19 241.3961 692.0786 1447.22 100.78 56313.21 55698.69
ey 07 2452317 718.38 925.27 149.86 64007.24 63895.72
ey ¥20 229.8892 613.1745 1015.08 67.70 47819.44 47579.73
% % 02 356.9387 866.7064 1679.14 157.54 82359.35 81746.31
% % 03 360.7743 893.0077 1577.19 105.29 80059.11 79630.41
% % 06 353.103 840.405 2384.93 122.82 95943.89 94629.65
% % B 11 349.2674 814.1036 415.02 77.28 37420.25 38091.31
% % 712 345.4318 787.8023 759.79 70.66 44858.14 45160.93
% % 15 353.103 840.405 220.91 72.97 31370.77 32270.4
% % % 02 + 372.2811 971.9119 1672.81 221.79 131960.5 131410.1
% % % 02 2 372.2811 971.9119 1683.74 197.20 130421.8 129885
% % 28 345.4318 787.8023 685.76 26.78 38271.07 38691.77
% % 29 341.5962 761.5009 651.06 29.98 27233.05 27655.1
F ¥ - 32 332.455 1002.406 1297.30 231.64 111149.7 110955.6
F ¥ - 33 278.7564 634.187 183.37 36.70 15405.93 16098.81
# 01 309.4413 844.598 342.27 82.86 46315.26 47044.18
# 09 363.14 1212.817 1636.49 386.26 169960.5 169513.7
# % Fo02 324.7838 949.8035 669.70 145.92 77768.26 78227.23
# % 36 363.14 1212.817 1637.02 298.14 133373.4 133014.2
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¢ = 09 264.04 544.63 1318.78 297.54 68535.22 67727.56
4 - 31 345.68 609.56 621.28 115.81 58076.05 58294.21
¢ 01 191.16 414.76 337.89 60.98 35409.76 35616.81
¢ 26 301.30 512.16 594.45 164.48 47602.69 47657.22
45 £ 10 252.26 479.70 378.76 79.33 50199.32 50473.18
45 12 223.22 512.16 396.06 75.19 50237.93 50502.06
45 21 243.76 512.16 307.28 50.32 41570.37 41968.69
45 25 195.00 447.23 336.00 61.62 36180.30 36424.91
43 - 35 73.39 158.68 34.27 6.32 5072.63 5264.11
43 27 337.22 548.27 566.40 160.71 81786.98 81945.36

L = 05 292.84 450.88 1490.43 560.75 102357.07 101049.60
L ¥ 05 199.42 321.01 542.95 126.83 47396.38 47247.03
o w12 276.64 512.16 551.71 99.67 46295.12 46432.54
o w15 215.54 447.23 131.70 24.27 33313.86 33820.66
o “15 7l 159.11 317.37 274.76 50.55 11186.37 11337.53
o - 30 195.27 414.76 290.43 56.23 31557.88 31821.26
oA 1 07 326.27 385.94 1235.93 314.19 63416.14 62578.22
o % 01 375.03 450.88 1273.64 378.05 72343.22 71517.44
ey - 02 651.67 1450.02 1437.47 319.61 182366.71 182711.32
L E - 03 329.76 638.38 373.86 59.37 41265.15 41800.06
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381.26 865.64 663.32 132.60 71637.58 72088.57
288.11 703.31 491.26 101.96 56313.21 56711.42

337.15 735.78 437.55 87.05 64007.24 64555.56
284.82 605.91 491.51 102.27 47819.44 48116.41

345.57 890.82 863.56 208.95 82359.35 82523.23

394.62 923.28 1032.44 230.09 80059.11 80114.48

423.93 858.35 2090.38 496.13 95943.89 94639.66
366.67 825.88 270.28 55.61 37420.25 38286.92
346.40 793.42 421.50 108.71 44858.14 45467.74
300.64 858.35 82.92 15.84 31370.77 32431.00
521.19 1020.68 1667.32 449.28 131960.50 131385.77
521.19 1020.68 1684.61 445.05 130421.75 129833.96
309.41 793.42 351.73 62.25 38271.07 38959.91

297.36 760.95 305.12 66.00 27233.05 27920.24
462.60 1056.79 860.32 234.02 111149.71 111574.75
248.62 602.27 136.03 15.02 15405.93 16105.77
394.38 862.00 251.75 78.24 46315.26 47241.64
538.49 1316.52 1415.15 388.54 169960.47 170011.78
450.82 991.86 621.71 193.48 77768.26 78395.74
538.49 1316.52 1185.35 305.25 133373.41 133737.81
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=g - 09 351.57 582.44 814.80 105.81 1318.78 297.54 68535.22 66932.29
=g - 31 433.21 647.37 327.68 111.54 621.28 115.81 58076.05 57980.33
=g Fol 278.69 452.57 284.26 61.99 337.89 60.98 35409.76 35395.90
=g 26 388.83 549.97 338.36 73.96 594.45 164.48 47602.69 47370.23
) E10 339.79 517.50 552.95 139.67 378.76 79.33 50199.32 49905.90
) F12 310.75 549.97 902.92 161.80 396.06 75.19 50237.93 49562.68
) F21 331.30 549.97 573.64 107.00 307.28 50.32 41570.37 41413.39
) ¥25 282.53 485.04 672.12 94.73 336.00 61.62 36180.30 35783.41
<3 - 35 123.66 209.09 178.23 1.61 34.27 6.32 5072.63 5184.96
<3 F27 387.50 598.68 824.78 145.99 566.40 160.71 81786.98 81075.27
- J,;ra € = 05 348.32 526.49 2718.40 172.04 1490.43 560.75 102357.07 98290.25
- J,;ra € To5 254.89 396.63 1420.60 112.55 542.95 126.83 47396.38 45844.98
¢ @ - 12 364.17 549.97 640.61 116.38 551.71 99.67 46295.12 45800.89
¢ @ - 15 303.08 485.04 213.63 72.51 131.70 24.27 33313.86 33659.86
¢ @ = 158 246.64 355.18 495.56 24.73 274.76 50.55 11186.37 10942.58
¢ @ 4= 30 282.80 452.57 549.52 73.75 290.43 56.23 31557.88 31323.32
et = 07 371.33 411.15 2550.89 204.89 1235.93 314.19 63416.14 59892.72
e % 01 420.10 476.08 2401.43 222.17 1273.64 378.05 72343.22 68964.12
k2 = 02 781.67 1500.43 1921.54 449.22 1437.47 319.61 182366.71 180520.96
k2 = 03 459.75 688.79 570.92 72.50 373.86 59.37 41265.15 41337.05
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3 = 1 (3)-(4)-(5)-(6)
511.26 916.05 1361.12 120.19 663.32 132.60 71637.58 70787.67
418.11 753.72 1447.22 100.78 491.26 101.96 56313.21 55343.83
467.15 786.19 925.27 149.86 437.55 87.05 64007.24 63660.84
414.82 656.33 1015.08 67.70 491.51 102.27 47819.44 47214.03
550.09 916.02 1679.14 157.54 863.56 208.95 82359.35 80916.27
599.13 948.49 1577.19 105.29 1032.44 230.09 80059.11 78661.72
628.45 883.56 2384.93 122.82 2090.38 496.13 95943.89 92361.63
571.19 851.09 415.02 77.28 270.28 55.61 37420.25 38024.33
550.91 818.62 759.79 70.66 421.50 108.71 44858.14 44867.02
505.16 883.56 22091 72.97 82.92 15.84 31370.77 32366.84
725.71 1045.88 1672.81 221.79 1667.32 449.28 131960.50 129720.90
725.71 1045.88 1683.74 197.20 1684.61 445.05 130421.75 128182.74
513.92 818.62 685.76 26.78 351.73 62.25 38271.07 38477.10
501.87 786.16 651.06 29.98 305.12 66.00 27233.05 2746891
632.46 1107.20 1297.30 231.64 860.32 234.02 111149.71 110266.08
418.48 652.68 183.37 36.70 136.03 15.02 15405.93 16105.97
564.24 912.41 342.27 82.86 251.75 78.24 46315.26 47036.79
708.35 1366.93 1636.49 386.26 1415.15 388.54 169960.47 168209.29
620.67 1042.27 669.70 145.92 621.71 193.48 77768.26 77800.39
708.35 1366.93 1637.02 298.14 1185.35 305.25 133373.41 132022.93
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09 6853522 | 6831231 | -033% | 6772756 | -118% | 6693229 | -234%
3 58076.05 | 5839481 0.55% | 5829421 038% | 5798033 | -0.16%
= £ F01 35409.76 35640.67 0.65% 35616.81 0.58% 35395.90 -0.04%
26 4760260 | 47857.94 | 054% | 4765722 | 0.1% | 4737023 | -0.49%
P e e 035% | eeeeeeees YA — -0.76%
£ 10 5019932 | 5014413 | -0.11% | 5047318 | 0.55% | 4990590 | -0.58%
&1 50237.93 | 4984078 | -0.79% | 5050206 | 0.53% | 4956268 | -1.34%
5 21 4157037 | 4155730 | -003% | 41968.69 | 096% | 4141339 | -038%
25 3618030 | 3602075 | -044% | 3642491 0.68% | 3578341 | -1.10%
R T I YT (R— (TS — -0.85%

35 5072.63 5174.18 2.00% 5264.11 3.77% 5184.96 221%
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¢ @ = 15 B 11186.37 11152.82 -0.30% 11337.53 1.35% 10942.58 -2.18%
4 30 31557.88 31511.76 -0.15% 31821.26 0.83% 31323.32 -0.74%
2y | e | e 0.08% | eoeeeeees TTCZ S — -0.74%
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182366.71 | 181622.57 -0.41% 182711.32 0.19% 180520.96 -1.01%
41265.15 41494.93 0.56% 41800.06 1.30% 41337.05 0.17%
71637.58 71240.43 -0.55% 72088.57 0.63% 70787.67 -1.19%
% & 5631321 55698.69 -1.09% 56711.42 0.71% 55343.83 -1.72%
£07 64007.24 63895.72 -0.17% 64555.56 0.86% 63660.84 -0.54%
20 47819.44 47579.73 -0.50% 48116.41 0.62% 47214.03 -1.27%
-------------------- -0.36% 0.72% -0.93%
& 02 82359.35 8174631 -0.74% 82523.23 0.20% 80916.27 -1.75%
03 80059.11 79630.41 -0.54% 80114.48 0.07% 78661.72 -1.75%
" 95943.89 94629.65 -1.37% 94639.66 -1.36% 92361.63 -3.73%
" 37420.25 38091.31 1.79% 38286.92 232% 38024.33 1.61%
" 44858.14 45160.93 0.67% 45467.74 1.36% 44867.02 0.02%
% % " 31370.77 32270.40 2.87% 32431.00 3.38% 32366.84 3.18%
% 131960.50 | 131410.10 -0.42% 131385.77 -0.44% 129720.90 -1.70%
% 130421.75 | 129885.00 0.41% 129833.96 -0.45% 128182.74 -1.72%
28 38271.07 38691.77 1.10% 38959.91 1.80% 38477.10 0.54%
£29 27233.05 27655.10 1.55% 27920.24 2.52% 27468.91 0.87%
-------------------- 0.45% 0.94% -0.44%
111149.71 | 110955.63 -0.17% 111574.75 0.38% 110266.08 -0.79%
15405.93 16098.81 4.50% 16105.77 4.54% 16105.97 4.54%
# 01 46315.26 47044.18 1.57% 47241.64 2.00% 47036.79 1.56%
# % # 09 16996047 | 169513.67 -0.26% 170011.78 0.03% 168209.29 -1.03%
©02 77768.26 78227.23 0.59% 78395.74 0.81% 77800.39 0.04%
©36 13337341 | 133014.21 0.27% 13373781 0.27% 132022.93 -1.01%
-------------------- 0.99% 1.34% 0.55%
T 000 | e ) S — -0.01
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= = 09 2338.45 2401.22 2.68% 852.01 872.31 2.38% 11.14 11.44 2.66%
= = 31 1625.81 1636.71 0.67% 732.44 749.77 2.37% 7.93 8.23 3.83%
= Fol 2276.03 2306.96 1.36% 890.92 923.45 3.65% 10.20 10.69 4.81%
= T26 1734.00 1749.41 0.89% 678.02 700.15 3.26% 10.73 11.08 331%
¥ T10 2120.42 2120.64 0.01% 1469.16 1494.93 1.75% 20.51 20.97 2.25%
¥ 12 1894.60 1891.52 -0.16% 1414.30 1436.49 1.57% 18.13 18.59 2.54%
¥ 21 1666.85 1663.51 -0.20% 942.90 964.87 2.33% 19.30 19.87 2.93%
¥ F25 2023.70 2034.09 0.51% 1105.24 1132.99 2.51% 19.30 19.92 3.17%
% = 35 1801.35 1807.50 0.34% 216.53 297.85 37.56% 11.59 12.99 12.04%
) T27 1840.09 1835.82 -0.23% 865.73 877.24 1.33% 13.34 13.59 1.82%
’F'TS € = 05 2989.78 2940.58 -1.65% 1200.31 1213.12 1.07% 12.64 12.79 1.18%
R Fo5 2482.67 2441.85 -1.64% 1308.61 1326.90 1.40% 14.92 15.30 2.56%
¢ @ = 12 1974.00 1984.08 0.51% 1003.48 1025.17 2.16% 15.46 15.93 3.01%
¢ @ = 15 1898.87 1903.13 0.22% 839.90 867.36 3.27% 16.00 16.56 3.54%
¢ @ = 15 &l 1904.14 1933.79 1.56% 859.09 932.66 8.56% 16.11 17.41 8.07%
¢ @ = 30 2128.63 2137.05 0.40% 1023.59 1055.76 3.14% 15.40 15.95 3.56%
oA 1= 07 2447.40 2348.63 -4.04% 1710.17 1722.92 0.75% 10.99 11.21 2.01%
oA % 01 2159.19 2085.09 -3.43% 1483.77 1494.75 0.74% 12.10 12.32 1.84%
Sk E =02 1863.64 1854.38 -0.50% 949.70 960.48 1.14% 15.17 15.43 1.76%
Sk E =03 2021.53 2009.20 -0.61% 651.00 681.38 4.67% 17.08 17.77 4.08%
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% & - 10 1782.99 1764.35 -1.05% 577.84 596.15 3.17% 15.56 16.00 2.81%
% & 19 2084.37 2049.84 -1.66% 724.83 750.15 3.49% 15.15 15.61 3.04%
% & Fo7 2035.03 2015.20 -0.97% 960.21 983.64 2.44% 16.24 16.70 2.85%
% & £20 2631.99 2601.62 -1.15% 706.21 740.49 4.85% 14.65 15.11 3.12%
% % 1 02 3052.48 3025.71 -0.88% 1352.17 1398.06 3.39% 16.06 16.60 3.35%
% % 1 03 2855.67 2832.24 -0.82% 816.03 857.27 5.05% 15.26 15.82 3.62%
% % 1 06 4352.77 4306.95 -1.05% 1223.42 1275.45 4.25% 16.02 16.47 2.76%
% % 11 1910.64 1902.48 -0.43% 886.87 946.40 6.71% 1437 15.47 7.64%
% % 112 2724.93 2699.29 -0.94% 982.06 1052.81 7.20% 16.07 16.95 5.44%
% % 115 1363.96 1359.89 -0.30% 712.89 764.37 7.22% 14.05 15.43 9.86%
% % %02 % 3256.33 324021 -0.50% 1279.06 1311.27 2.52% 16.83 17.21 2.23%
% % %02 3273.14 3256.82 -0.50% 1141.46 1173.66 2.82% 16.73 17.11 2.25%
% % E28 2576.67 2557.78 -0.73% 388.47 459.09 18.18% 16.78 17.86 6.44%
% % £29 2228.99 2205.70 -1.04% 530.27 617.44 16.44% 16.57 18.07 9.02%
# 38 - 32 1811.83 1803.97 -0.43% 942.86 963.24 2.16% 12.12 12.44 2.59%
# 38 - 33 1718.22 1724.21 0.35% 836.76 931.41 11.31% 9.70 11.47 18.32%
F 4 1 01 1164.54 1162.67 -0.16% 521.52 550.38 5.53% 11.29 11.84 4.93%
F 4 1 09 1871.17 1875.95 0.26% 1060.56 1075.77 1.43% 11.34 11.57 2.10%
# 4 Eo 1443.07 1444.03 0.07% 674.63 697.01 3.32% 11.27 11.65 3.39%
# 4 36 1489.37 1487.53 -0.12% 818.06 833.16 1.85% 12.21 12.54 2.71%

84



%6-14 22 BAER AN BB EZFR R RE ()

53 31 APTS

x> P B4 ik FARR PRERE
R 4 i — iR R b i — BiER R b i — iR
3 = 09 2338.45 2385.79 2.02% 852.01 892.71 4.78% 11.14 1130 1.44%
3 =31 1625.81 1629.97 0.26% 732.44 773.28 5.58% 7.93 8.20 3.51%
3 Fol 2276.03 2297.69 0.95% 890.92 948.49 6.46% 10.20 10.66 4.47%
3 26 1734.00 1741.19 0.41% 678.02 728.31 7.42% 10.73 11.00 2.55%
<3 £10 212042 2116.62 -0.18% 1469.16 1520.56 3.50% 20.51 20.93 2.08%
<3 F12 1894.60 1887.18 -0.39% 141430 1454.74 2.86% 18.13 18.56 2.41%
<3 F2l 1666.85 1660.43 -0.39% 942.90 985.73 4.54% 19.30 19.86 2.92%
<3 £25 2023.70 2027.57 0.19% 1105.24 1153.85 4.40% 19.30 19.88 3.00%
* 3 - 35 1801.35 1808.83 0.42% 216.53 343.74 58.75% 11.59 12.99 12.03%
* 3 £27 1840.09 1836.97 -0.17% 865.73 897.78 3.70% 13.34 13.55 1.54%
i = 05 2989.78 2937.89 -1.74% 120031 1236.48 3.01% 12.64 12.63 -0.09%
<y 05 2482.67 2441.18 -1.67% 1308.61 1352.62 3.36% 14.92 15.20 1.92%
e - 12 1974.00 1980.51 0.33% 1003.48 1050.21 4.66% 15.46 15.88 2.71%
e - 15 1898.87 1901.99 0.16% 839.90 891.70 6.17% 16.00 16.58 3.64%
e = 15 @l 1904.14 1927.16 121% 859.00 984.81 14.63% 16.11 17.27 7.17%
e = 30 2128.63 213436 0.27% 1023.59 1081.62 5.67% 15.40 15.92 3.34%
- t 07 2447.40 235921 -3.60% 1710.17 1757.34 2.76% 10.99 11.05 0.54%
- % 01 2159.19 2096.27 -2.91% 1483.77 1526.46 2.88% 12.10 12.15 0.44%
o 202 1863.64 1854.65 -0.48% 949.70 974.39 2.60% 15.17 15.41 1.61%
o 03 2021.53 2009.11 -0.61% 651.00 710.06 9.07% 17.08 17.76 4.01%

85



26-14 22 BPABR IR ELE R R RA (D)

53 31 APTS

N st ¥ AR PR
B 4 T — BiLER B4 B — BiLER B4 B — iR
k& = 10 1782.99 1764.71 -1.03% 577.84 613.11 6.10% 15.56 15.98 2.68%
k& = 19 2084.37 2050.47 -1.63% 724.83 768.09 5.97% 15.15 15.59 2.86%
k& £07 2035.03 2015.82 -0.94% 960.21 1004.12 4.57% 16.24 16.69 2.77%
% & £20 2631.99 2602.18 -1.13% 706.21 767.31 8.65% 14.65 15.06 2.82%
% % 1 02 3052.48 3024.68 -0.91% 1352.17 1422.57 521% 16.06 16.50 2.73%
% % 1 03 2855.67 2831.06 -0.86% 816.03 884.16 8.35% 15.26 15.71 291%
% % 1 06 4352.77 4301.72 -1.17% 1223.42 1315.38 7.52% 16.02 16.23 1.27%
% % # 11 1910.64 1904.38 -0.33% 886.87 983.95 10.95% 14.37 15.44 7.46%
% % # 12 2724.93 2701.97 -0.84% 982.06 1094.53 11.45% 16.07 16.86 4.91%
% % 115 1363.96 1359.87 -0.30% 712.89 786.43 10.32% 14.05 15.48 10.18%
%% % 02 + 3256.33 3243.64 -0.39% 1279.06 1341.17 4.86% 16.83 17.06 1.37%
% % %02 % 3273.14 3259.86 -0.41% 1141.46 1203.56 5.44% 16.73 16.96 1.39%
% % F28 2576.67 2556.26 -0.79% 388.47 493.30 26.98% 16.78 17.82 6.18%
% % ¥29 2228.99 2207.31 -0.97% 530.27 658.11 24.11% 16.57 17.99 8.53%
# 38 =32 1811.83 1804.61 -0.40% 942.86 981.16 4.06% 12.12 12.40 2.25%
# 38 - 33 1718.22 1723.02 0.28% 836.76 978.70 16.96% 9.70 11.48 18.42%
# 38 1 01 1164.54 1163.14 -0.12% 521.52 573.89 10.04% 11.29 11.84 4.87%
# 38 1 09 1871.17 1874.50 0.18% 1060.56 1089.79 2.76% 11.34 11.53 1.69%
# 4 Fo2 1443.07 1444.20 0.08% 674.63 717.03 6.29% 11.27 11.61 3.03%
# 4 £36 1489.37 1486.29 -0.21% 818.06 847.17 3.56% 1221 12.50 2.37%

86



6-15 # 1§ ¥ &=,

+2 2 BPABER I ALV ERR R RE ()

% % 51 APTS 4 4

aa s PR R dOE A
B B — iR B 4 B — iR Bt 4 B — i gR
= = 09 2338.45 2385.79 2.02% 852.01 892.71 4.78% 11.14 11.30 1.44%
= = 31 1625.81 1629.97 0.26% 732.44 773.28 5.58% 7.93 8.20 3.51%
= Fol 2276.03 2297.69 0.95% 890.92 948.49 6.46% 10.20 10.66 4.47%
= T26 1734.00 1741.19 0.41% 678.02 728.31 7.42% 10.73 11.00 2.55%
¥ T10 2120.42 2116.62 -0.18% 1469.16 1520.56 3.50% 20.51 20.93 2.08%
¥ 12 1894.60 1887.18 -0.39% 1414.30 1454.74 2.86% 18.13 18.56 2.41%
¥ 21 1666.85 1660.43 -0.39% 942.90 985.73 4.54% 19.30 19.86 2.92%
¥ F25 2023.70 2027.57 0.19% 1105.24 1153.85 4.40% 19.30 19.88 3.00%
% = 35 1801.35 1808.83 0.42% 216.53 343.74 58.75% 11.59 12.99 12.03%
) T27 1840.09 1836.97 -0.17% 865.73 897.78 3.70% 13.34 13.55 1.54%
R é = 05 2989.78 2937.89 -1.74% 1200.31 1236.48 3.01% 12.64 12.63 -0.09%
R Fo5 2482.67 2441.18 -1.67% 1308.61 1352.62 3.36% 14.92 15.20 1.92%
¢ @ = 12 1974.00 1980.51 0.33% 1003.48 1050.21 4.66% 15.46 15.88 2.71%
¢ @ = 15 1898.87 1901.99 0.16% 839.90 891.70 6.17% 16.00 16.58 3.64%
¢ @ = 15 &l 1904.14 1927.16 1.21% 859.09 984.81 14.63% 16.11 17.27 7.17%
¢ @ = 30 2128.63 2134.36 0.27% 1023.59 1081.62 5.67% 15.40 15.92 3.34%
oA 1= 07 2447.40 2359.21 -3.60% 1710.17 1757.34 2.76% 10.99 11.05 0.54%
oA % 01 2159.19 2096.27 -2.91% 1483.77 1526.46 2.88% 12.10 12.15 0.44%
Sk E =02 1863.64 1854.65 -0.48% 949.70 974.39 2.60% 15.17 15.41 1.61%
Sk E =03 2021.53 2009.11 -0.61% 651.00 710.06 9.07% 17.08 17.76 4.01%

87




% % 51 APTS 4 4

6-15 2 B F M A s+2 B BAERARIRERF GRS RA (D

¥ 0 7 TEERRRE
o Wa— | ®ewR Fr Wa— | ®ewR B wa— | ®ewa
1782.99 1764.71 1.03% 577.84 613.11 6.10% 15.56 1598 2.68%
208437 | 205047 1.63% 724583 768.09 5.97% 1515 15.59 2.86%
203503 | 201582 0.94% 960.21 1004.12 457% 1624 16.69 2.77%
263199 | 2602.18 113% 70621 76731 8.65% 1465 15.06 2.82%
% 305248 | 302468 0.91% 1352.17 142257 521% 16.06 1650 2.73%
%% 285567 | 283106 0.86% 816.03 884.16 8.35% 1526 1571 291%
%% 135277 | 40172 L17% 122342 131538 7.52% 1602 1623 127%
%% 1910.64 190438 0.33% 886.87 983.95 10.95% 1437 15.44 7.46%
%% 272493 | 270197 0.84% 982.06 1094.53 11.45% 1607 1686 491%
%% 1363.96 1359.87 0.30% 712.89 786.43 1032% 14.05 1548 10.18%
%% 325633 | 324364 0.39% 1279.06 134117 4.86% 1683 17.06 137%
%% 27304 | 3259386 0.41% 1141.46 1203.56 5.44% 1673 1696 139%
%% 257667 | 255626 0.79% 388.47 493.30 26.98% 1678 1782 6.18%
% 2899 | 220731 0.97% 530.27 658.11 24.11% 1657 17.99 8.53%
181183 180461 0.40% 94286 981.16 4.06% .12 1240 225%
1718.22 1723.02 0.28% 836.76 978.70 16.96% 9.70 1148 18.42%
1164.54 1163.14 0.12% 521.52 573.89 10.04% 1129 11.84 487%
1871.17 1874.50 0.18% 1060.56 1089.79 2.76% 1134 1153 1.69%
1443.07 144420 0.08% 674.63 717.03 6.29% 1127 1161 3.03%
1489.37 1486.29 021% 815.06 847.17 3.56% 1221 1250 237%

88




P ‘ ¢ : 2
R AR R L RAPERDOERE AF > R R F A4 3R N
ek LA od T A 612 B 6-6 F s 94 E (551 BT APTS
SRlEts A A4 nA T UF R
DEMBEFIRS ~dpAan 3 0 7 kIS TAMS}%M@ﬁﬂ§4ﬁ@4g
PGP A R A AR AR 24 BT
<% 00259 Hmslgd pppa® ks 00158 &% & \ﬁﬁiﬁmﬂm

0.0086 > 4% 6-18 #171 °

()8 B 6-7 7 b 43 b A8 £ X srim
éﬂ”"’\éij"ié_"?i%’”* R &
%Iﬁj&%

sl

FLES b7 AR R
N _§2¥:314 %\Iﬁapli’ﬁﬂfﬂ'—'ﬁ?"‘

89



4 6-16 2 F 32 v &2 4

2%

3138 APTS Jk sz 8 A ¥

NP | RA BB |FRZ| oF | BR |FBR|FBRZ (FBRZ
= 09 10.0328|0.0187 | 0.0482 7 02 10.0228 | 0.0155 {0.0331
= 31 ]-0.0185|-0.0220(-0.0105 7 03 1-0.0071{-0.0103|0.0054

=% | £01 ]0.0218(0.01050.0287 # 06 |0.0815(0.0818|0.1034
¥ 26 {0.0039]-0.0001(0.0136 # 11 1-0.0542{-0.0567|-0.0466|
£33 10.0100|0.0018 | 0.0200 ¥ 12 10.0203 [ 0.0169 | 0.0301
£ 10 {0.0690|0.0612 (0.0759 | % % | #& 15 |-0.1157(-0.1202{-0.1131
£ 12 10.04360.0296 | 0.0505 % 02 +10.0070 | 0.0086 | 0.0202

< ¥ 21 |0.0044|-0.0045|0.0108 % 02 ={0.0062 | 0.0079 [0.0196
¥ 25 (0.0437]0.0280|0.0515 & 28 |-0.0172(-0.0221-0.0086|
£33 10.0402|0.0286 | 0.0472 ¥ 29 |-0.0307|-0.0368-0.0195
= 35 10.0696|0.0387|0.0762 £33 1-0.0087|-0.0115|0.0024

& | K27 |-0.0313]|-0.0346(-0.0242 = 32 10.0110|0.0072|0.0188
33 10.0191]0.0020 | 0.0260 = 33 10.0026|-0.0052(0.0105
= 05 |0.1544|0.1453 | 0.1694 & 01 1-0.0240(-0.0266|-0.0185

3% & | £05 /0.0509|0.0378|0.0624| & | & 09 [-0.0005|-0.0057|0.0074
T2 10.1027]0.0915(0.1159 ¥ 02 [-0.0055-0.0083|0.0024
= 12 10.0178{0.0101 | 0.0287 ¥ 36 |-0.0464|-0.0513|-0.0382
= 15 10.0207|0.0145|0.0243 33 1-0.0105(-0.0150|-0.0029|

¢ & 1 15 &)0.1079]0.0766 | 0.1297 T aE 0.0158 | 0.0086 0.0259|
= 30 0.0706|0.0570|0.0792 L 0.0498 | 0.0466 0.0520|
I35 10.054310.0396 | 0.0655
& 07 10.0221 | 0.0208 | 0.0441

e # | ¥ 01 |-0.0076|-0.0061|0.0126
£33 10.0073|0.0073 | 0.0283
& 02 1-0.0490(-0.0516{-0.0413
& 03 1-0.0017|-0.0052{ 0.0071
= 10 |-0.0181{-0.0241|-0.0090

kE | 219 10.0428(0.0314 [ 0.0517
£ 07 10.01780.0121 | 0.0247
20 |0.1142|0.1059|0.1249
£33 10.0177|0.0114]0.0263

P [gﬁﬂ: AIEE =

ﬁl[ istFfii

I?”?ﬁ_ IR {Elllgjﬁ’f%tfﬁ

90



52 % 5lie APTS i 52 {8 A 4%

0.1200

0.1000

0.0800

0.0600 B s~

0.0400 |
O 5=

0.0200
0.0000
-0.0200

I

T4 ra Agmg Pw op %

LS
EX
SN
“m)
=X

W67 2FRHERTEXI2EF2 A4 4 H

91



>
>

\
Hels
i
xS
1v

&k

i
-§+;
b
G
ﬂ‘\\".

R 3

\l
|
it
Ei

ﬁ»l%é EREARLATE TR BRFE AL AA 2L £ 24 2 4 (TFP)F
TEOIHTEAARRHEFLA S BT o

LR ACS RS 0 R AR £ 20 £ IR

L E R BRI AT A MBS AP AT Y 1 LT G PR 2 o)

7&;:_3\» ’ ﬁnl”sb ?'1i ﬁ]J ’ih{\ ;:—ﬁ' o

24P 1T 9194 & 46 FHRATRS B S TS ATH AL MY T

B 7% e SR E 2D £ B TS NBps 2 E
x

3€ﬁp%%%ﬁﬁipina”w%&$%éﬁm Bl gll-B15- &
2\,&:34&%’?1%&&{&%& TF A RB AL > RSP ERADG AT E 2T
B 125 2 35 SESS ISR A mRE -

4d FHP R FAAEE kg > UFBFREFP TS A
BEGRMA O ERER S R AF B AR TES YRR
RS AL B o

S.ETHE AR BREHASTS 6 0 LHRATIHE A 6 % S RADHF
0515 10~ 2 15915 11~ F 28~ = 34MAFAAT 5 - 19 1 15 re 34
PR O3 s B RTR A B i L B @ i 22 232 F36 £ 09
S s S = E S N %7“4@Pﬁ?ﬁ%ﬁ@&’ﬁw

ﬁﬁg;wuﬂoaBOﬁ%pﬂﬁwﬁméa@g“mﬂﬁwﬁm LB E RS B
DB ARG H TP IR AR YV 2 Bﬁ’uaa\—:p k E L E
SR REARCIERE > o & Fﬁ%ﬁﬁ B BT R AFER

FERB > UEMTDYESA  GRRFL AL DG 0 AFTHEP LA
pEEH P 2 092 EH O3 Edad A4 AEF W LI AL 04 ELE KL LA
R R A RS2 A R GPERE R R A TR AR o R
éﬁﬁﬂ%mﬂpﬁﬂﬁw*EJ%ia\ﬂ%?%ﬁﬂbéﬁﬁé’@ﬁp
THFRALe P EERETFRLEF A AL FLIRE AL o

B 3 AR 2 A%ﬁﬁb,apﬁ’ip ﬁw»m»4ﬁ&;k
?k$ﬁp+ﬁﬁf e 94 EYEL e X *ﬁmeﬂwﬁnﬁ
Wlb‘ﬁ&é«ZOB%’ﬁﬂﬁﬂ*tﬁﬁﬂ*ééE FEERM AL AL
_;Ei o

%#%W@iékﬁﬁ%,mﬁﬁa% TG EEEFR G F BT 2
WIE D A Q’J;L%_%_,;\;j\m15~25 BRIy LA A RE R

oA AP IR R é'l:—i"&lxﬁvtxﬁ’\w @stm B % o
B.EETFETHAMRT  AFTERELEP  ET LB L g £
ﬁ‘r% /).7\’}?1 PAUND L‘I“’FB&%:L _g’ / 'ﬁ% 5%15‘-‘\ W Eﬁg‘] 5 «u—T ’ 5}%”’[’%

92



PRI ST
- % B 3R

\v

a» EAaABAES A T F R RIIEA S 2 snF R E S At S R
ﬁ'\ﬁ S f L‘;%’J 220 o B AT e w0 3138 APTS k5= fah
f"fﬂr;ﬁ,a» EAABESAE LN2 0xF o B HFBER T AR
v F"*Jﬁ%x%fériéz'f ARAAESFBEEREEFR (DI FHFHRT APTS
C BLEIET "’ﬂ“r,ﬁ,\tk *g:g%‘\'ﬂ\l" ,:" o 51x¢'_‘;)§k’/’ fgzyls‘\ﬁ » BB ¥
PEMBAYES AT AP Q) FHEERS S RAM T 0 2
F&ﬂT APTS k3e3ligsav g4 t o d g4 2K F ’ﬂﬂlzﬁrig LIS PN
bR EBLE K B L‘*ﬁ'* A4 BEE L0025 H=aomalied g ok
.%i;; 0.0158 » B 4 5 = & FAHLIE 4 5L 0.0086 ° (3) #4173 b = @ K4 1y
RS A zkﬁ%J@%ﬁml@ﬁiAa$ﬁ44é4%m,uA$g\
PEEA S ARG R AHE N TTRARRL -

7.2 3 3%

\
IS
-
&

»

J“/t

LAF T EEE G2 o3 FAERS 22 Y B %7
ﬁ’ﬁﬁ%ﬁﬁnL%&%ﬁ&°ﬁm’ﬂ“é%ﬂ%.# 2—‘%51999%Eé
TS WS ES m D 5 2y i Sl P R é_iﬁ 2 A o

j&/pﬂ"‘ BIoFR 2 20T 0 2 Lo st BERS D #’k}ﬁﬁé\'%
2R NRI A kB P EOTRE E HE fon E",Ef:—*‘ A k4
yA_F&,ﬁ#wwiu%ﬁc@ﬂuamﬁk%"ﬂﬂﬁﬁﬁ >R — ) i

g A

200 A AR AR RAER K2 R E o 2 R AP Y g2 ol o X
LR B F2 %‘@?ﬁ‘i P BRI R F IR R 0 R xp;a;‘_l e N
@@L?ﬁﬁ,mgggﬁﬁ@igkmgﬁfﬁgﬁiﬁ;o3%1 A 7
Qﬁgi@%mﬁﬁﬁdigﬁ@éﬁ%$@’@?ﬂ??%igk A 7o
AT TR TR ARH D A2 B

it
o+
o
=
b4
)
=
S
-
=
iz
(i}
£
%
B
\lw_,“_
i
¥
o
hY8
S
{
1
s
7
ki
1

93



\\\?{r

o
e
A

34 e

— e

I 29 TR P H23H A TR 28 bpldhe 3
RB2EG6! o

2. MME > Td A4 BT AR L E- ) TARA L EL

VR ASBAERE RS Sl 0 ARS3EGT o
L

L

3. gm T ap o8 RN SRR NIRRT TR S X
AL~ o ARBSEG? o

4. ol pFae > Ty EE A S R 0 F D BARA BT R
i Yk R

5 RFI TG omesTd Rod R BuR R TR LY 0 ¢
4%@;%&5%% m2 e 0 ARETEL2Y o

6. MFcA M~ Td FEFFREF 1D W'\@ﬁ%],fs.&‘u%%ﬁ%fgi%%y
o BATEANEE F RRRFH TR 0 A R88EST o

7o FRBCMERCFRHRES T FRT oG R RS RERRS k2 R
RIS 0 B - BAEIER FARREFH TR E > DI-26~40 0 R8RS
L

8. w4 ¥ T LA TEY I RRER G ERLAY o Qﬁ*?iﬁﬁﬁﬁp
LHOTHL W 0 AKBBEGT o

9. MAES L ET 3 BT LT AT LR BPRAFERE RREEATT o
Av R e B FI] 5 125-159F > A K8SE o

10, pAHEEFED T O XRRBERRF AT FEREY > &EN%HE
PD89BRO3 » =% K88E10* -

1L i 2 THIERE 2B >0 — kRS0 A8 A1 M

94



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

\\\?{r
o
=
s

B AFL M o A KS9EG!

5

2P T E BRI 2 A s R o L
S HEH S L% ARBYEGT -

SEFIL T RN D kg BB R 8 M2 Lfélj%J,gﬁ;igLéé
A0 $30% F 18 0 203-236F 0 X K89E o

2P TERRE 2T S AR R A B RIS AL
3 F91E6T o

WEFE TSR LA 2] o AH AR REFRE L
Ze 0 AEILEGT o

i TR 2P ek RPN TR LB B A - ke

FEWH IR LHY 0 ARILE6T -

FEAOT S R ARET S &b A M A LS A FgRg
SAHALABBFIA LG 0 AR9IE6T o
Wt Tz Amiri 2 PHA A S 23 FERLPELHEA T 0 L
A GRS ALk o AR92EGY o

S

M 7% " Generalized Translog &z i@ % — & gy o & & 2 (5 48(7 ¥ &2
LEHE 22 T 0 AL A BEARE RALH 0 AFIZE6 P o
e T ARNTE T H D FHLRERAT 0 o B F L AR K
L= > 93#67 o

TEAET A NEEWE R e e R Y L HL A
WLz Ay 0 I ME gz,,]p“wi LERHATIRL 0 ARN2E06" o

SESTE R X S S R AL 5 N R 5 IR 8 SR

=

LR %J/FH’"’"T A E90EQ7 7 o

=

A TRERS O FAYES TR ERLES 0 S E L A

95



SFE e > AFIZEGH o

é*ﬁ'

24 &5 o TET 23 A FA R RIZFL 0 B B LT EIEE
fSREFHE T 0 DI4IE - 2 ®88£SY

25 K% 0 TAA T 28 BAREL PH AT P() )0 VLITRE ] L
LA RS 0 AR2ELY -

26. gRPedy o T 2B B L T kA R S L S G AR S 0 L INE

T AL AA AR 0 A EILE04T o

s

217. ’fst_%;ﬂiﬁ T BRFXIEP 27y 0 200537 o

S NE 2 )§J¢

1. Bates,E.G., “A Study of Passenger Transfer Facilities” ,TRR.662,1987

2. Hensher, D. A and Daniels, R., “Productivity Measurement in the Urban
Bus Sector,” Transport Policy, Vol. 2, No. 3, pp. 179-194, 1995

3. Wilson, W. W., “Cost Savings and Productivity in the Railroad
Industry, ” Journal of Regulatory Economics 11, pp.21-40,1997

4. K.Obeng, R. Sakano, “Total Factor Productivity Decomposition ,Input Price
Inefficiencies,and Public Transit Systems,” Transportation Research Part E
(38)19-36, 2002

5.  Mancuso, P. and Reverberi, P., “Operating Costs and Market Organization in
Railway Services,” Transportation Research Part B(37)43-61, 2003

6. Wei,W. and Hansen, M., “Cost Economics of Aircraft Size,” Journal of
Transportation Economics and policy,Volume 37,Part 2,pp.279-296, 2003

7. Inglada, V., and Rey, B., “Liberalisation and Efficiency in International Air
Transport,” Transportation Research Part A (40)95-105, 2004

8. Heike, L., “An econometric analysis of motorway renewal costs in

96



10.

11.

12.

13.

14.

15.

\\?{y
ol
«
Ny
i

g

Germany, ”  Transportation Research Part A. 2006

U.S department of Transportation Benefit Assessment of Advanced Public
Transportation Systems Technologies,2000.

U.S department of Transportation Advanced Public Transportation Systems : The
State of the art,2000.

Intelligent Transportation Systems Benefits and Costs,2003

Cervero, R., “Cost and Performance Impacts of Transit Subsidy Programs,”
Transportation Research A, Vol. 18A, No. 5, pp. 407-413, 1984.

Fazioli, R., Filippini, M. and Kuenzle, M., “Cost Efficiency in Regional Bus
Companies An Application of Alternative Stochastic Frontier Models,” Journal

of Transport Economics and Policy, Volume 40, Part 1, January 2006, pp. 95 -

118

Zellner, A., “An Efficient Method of Estimating Seemingly Unrelated
Regressions and Tests for Aggregation Bias,” Journal of the American Statistical
Association, pp.348-368, 1962.

William H. G., Econometric Analysis, 3rd ed., New York : New York University,
1997.

97



§ - #3FL
AV HRERSCIBRAYEFLRE] R LAY
A Study on Minimum Efficient Scale of Route Kilometers
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Abstract

There are 45 routes of feeder bus, which have been designed by the government of
Taipei city, to operate cooperatively with the MRT system. Regarding the rule of the
operated kilometers of route (i.e. the length of route), 8-10 kilometers of O-D terminal is
set as the principle for feeder bus. But this rule was based on the experience, and has no
theoretic base. However, the bus transit operators always try to extend the length of route
or to reduce the number of bus stop, in order to reduce the cost. This already loses the
original meaning of providing feeder bus. Therefore, it is an important topic to build the
principle of the reasonable length of route for the government and the bus transit operator.
At the viewpoint of regulation of government, the Translog cost function is employed by
using the 129 samples of route during the period of 2002-2004 years to explore the cost
efficiency of feeder bus. In the building of cost function, the items of output is set by the
multiplier of the route length and frequency, where the frequency can be treated as a proxy
variable reflecting the level of demand. Moreover, in the cost model of route of bus, the
attribute variable related to the characteristic of operation of route (i.e. length of route),
and the related dummy variable (such as public or private operator, CBD or suburb, the
bus exclusive lane, and the number of bus stop) are utilized to explore the relationships
among these variables with the cost. Finally, the economic concept of Minimum Efficient
Scale (MES) is applied to estimate the ideal operation length of each route of MRT feeder
bus in Taipei city.

The empirical result shows as follows. In the analysis of the characteristics of
operation of feeder bus, the bus exclusive lane has positive influence in the operator’s
cost, and the more number of stop will indeed increase the operation cost of route. In the
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analysis of economy of scale, some of routes of feeder bus posse the increasing or the
decreasing return to scale, this means that some of them can be modified to the optimal
economies of scale by adjusting the length of route or the frequency. In the analysis of
MES, under the average conditions of operation of MRT feeder bus of Taipei city the ideal
lengths of route of feeder bus should be in the range of 16-19 kilometers for each MRT
line via the estimation of MES. Beside, this study adopts the Mean Absolute Percentage of
Bias (MAPB) to measure the degree of difference between the original length of route and
the ideal one (i.e. the estimated value of MES). The consequence of calculation indicates
the average MAPB is about 21.98% in the total routes of feeder bus, and find that the
average values of 2.16-3.97 kilometers of route lengths should be adjusted for the feeder
bus among each MRT lines. All of the above results can be referred as adjusting and
regulating on length of route of MRT feeder bus for the bus transit operator and the
government of Taipei city.

Keywords: Feeder Bus, Route kilometers, Cost function, Minimum efficient scale (MES),
Economies of Scale
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