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2003Q1~ 10323 10327 009986 10640 10072 10072 09782 10311 09978  1.0684
2003Q2 (0.0616) (0.0390) (0.0055) (0.0652) (0.0891) (0.0891) (0.0637) (0.0459) (0.0061) (0.0754)

2003Q2~ 10154 10066 09978 10199 10047 10047 09942 10133 09977 10218
2003Q3 (0.0578) ()0.0205 ()0.0050 ()0.0635 ()0.0609 ()0.0609 ()0.063L ()0.0211  ()0.0048  (0.0411)

2003Q3- 10037 10194 00978 10216 10246 10246 10131 10135 00984 10462
2003Q4 (0.0535) (0.0535) (0.0051) (0.0891) (0.0637) (0.0637) (0.0586) (0.0429) (0.0045) (0.1132)

2003Q4~ 09900 09645 09972 09531 09909 09909 10289 09639 0999 09443
2004Q1 (0.0437) (0.0555) (0.0045) (0.0769) (0.0560) (0.0560) (0.0526) (0.0361) (0.0033)  (0.0890)

2004Q1~ 10224 10307 09964 10490 10134 10134 09784 10338 10000  1.0648
2004Q2  (0.0507) (0.0800) (0.0047) (0.0622) (0.1391) (0.1391) (0.0488) (0.1053) (0.0038) (0.1814)

2004Q2~ 10081 10082 00965 10132 10069 10060 09975 10099 00997 10154
2004Q3 (0.0644) (0.0203) (0.0050) (0.0740) (0.0767) (0.0767) (0.0762) (0.0173) (0.0046)  (0.0361)

2004Q3~ 09910 10037 09963 09909 10198 10198 10195 09998  1.0003  1.0083
2004Q4 (0.0450) (0.0113) (0.0051) (0.0445) (0.0571) (0.0571) (0.0519) (0.0087) (0.0043) (0.0237)

2004Q4~ 10278 09908 09958 10142 09690 09690 09748 09929  1.0012  0.9809
2005Q1 (0.0422) (0.0211) (0.0049) (0.0489) (0.0469) (0.0469) (0.0445) (0.0122) (0.0043) (0.0284)

2005Q1~ 09899 10103 09952 09953 10174 10174 10079 10080  1.0012  1.0106
2005Q2 (0.0449) (0.0200) (0.0051) (0.0482) (0.0554) (0.0554) (0.0519) (0.0092) (0.0043) (0.0353)

2005Q2~ 09998 10030 09950 09976 10116 10116 10034 10064 10016  1.0085
2005Q3 (0.0308) (0.0155) (0.0053) (0.0260) (0.0441) (0.0441) (0.0365) (0.0134) (0.0041) (0.0355)

2005Q3- 10148 09904 009942 09992 09758 09758 09832 09893 10031 09725
2005Q4 (0.0442) (0.0327) (0.0051) (0.0562) (0.0714) (0.0714) (0.0679) (0.0175) (0.0038) (0.0535)

2005Q4~ 09970 09655 09932 09554 09873 09873 10035 09791  1.0038  0.9433
2006Q1 (0.0539) (0.0536) (0.0046) (0.0641) (0.0808) (0.0808) (0.0608) (0.0342) (0.0034)  (0.0939)

2006Q1~ 10027 10172 09930 10129 10170 10170 10017 10116 10036  1.0294
2006Q2 (0.0405) (0.0252) (0.0048) (0.0507) (0.0431) (0.0431) (0.0365) (0.0137) (0.0040) (0.0537)

200602~ 09870 10105 009934 09908 10229  1.0229 10166 10024 10035 10116
2006Q3 (0.0387) (0.0281) (0.0056) (0.0498) (0.0546) (0.0546) (0.0461) (0.0145) (0.0042) (0.0373)

2006Q3~ 10230 09922 09936 10081 09921 09921 09909 09976  1.0038  0.9977
2006Q4 (0.0561) (0.0209) (0.0061) (0.0488) (0.0595) (0.0595) (0.0608) (0.0133) (0.0045)  (0.0247)

2006Q4~ 10046 09763 09927 09737 09741 09741 09848 09842  1.0054  0.9479
2007Q1  (0.0462) (0.0555) (0.0082) (0.0715) (0.0454) (0.0454) (0.0500) (0.0167) (0.0071) (0.0736)

2007Q1~ 10370 10177 09898 10443 09599 009599 00531 10003  1.0070  1.0006
2007Q2 (0.0450) (0.0234) (0.0120) (0.0446) (0.0536) (0.0536) (0.0548) (0.0142) (0.0069) (0.0312)

2007Q2~ 10113 09935 09885 09934 10014 10014 09860 10076  1.0078  10.9922
2007Q3 (0.0568) (0.0455) (0.0116) (0.0764) (0.0639) (0.0639) (0.0566) (0.0189)  (0.008)  (0.0647)

2007Q3- 10001 09921 09921 09838 10029 10020 10005 09978 10044  0.9854
2007Q4  (0.0436) (0.0216) (0.0055) (0.0327) (0.0562) (0.0562) (0.0485) (0.0090) (0.0050) (0.0372)

i 10078 10016 009949  1.0043 10009 009993 09968 10024  1.0017  1.0037
7 (00500) (0.0400) (0.0063) (0.0647) (0.0695) (0.0698) (0.0567) (0.0375) (0.0054)  (0.0792)
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2003Q1~ 09878 11365 10022 611184 09568 09568 10247 09426 09968  1.0518
2003Q2 (0.0877) (0.2277)  (0.004)  (0.2043) 01066  0.1066  (0.0909) (0.1200) (0.0040)  (0.0799)

2003Q2~ 09933 09880 10023 09844 10347 10347 10120 10264 09968  0.9997
2003Q3 (0.0576) (0.1408) (0.0040) (0.1571) 0.1355  0.1355  (0.0908) (0.1062) (0.0031)  (0.0621)

2003Q3- 09991 10410 10025 10430 09975 09975 10040 09969 09964 10163
2003Q4 (0.0337) (0.2429) (0.0038) (0.2516) 01081 01081  (0.0530) (0.0980) (0.0032)  (0.098)

2003Q4~ 09985 08447 10021 08453 11188 11188 10114 11084 09981  0.9369
2004Q1 (0.0496) (0.0868) (0.0041) (0.0966) 0.1055 01055 (0.0671) (0.0750) (0.0036) (0.0482)

2004Q1~ 10219 11619 10013 11916 09050 09050 09734 09294 09985  1.0584
2004Q2 (0.0681) (0.1847) (0.0037) (0.2259) 01023 01023 (0.0656) (0.0661) (0.0034) (0.0825)

2004Q2~ 09780 10372  1.0011 10157 10328 10328 10309 10034 09983  1.0109
2004Q3 (0.0704) (0.3044) (0.0034) (0.3039) 0.1477 01477  (0.0742) (0.1220) (0.0038) (0.1067)

2004Q3~ 10097 10221 10014 10312 09868 09868 09992 09911 09981  1.0148
2004Q4 (0.0417) (0.0910) (0.0038) (0.0729) 0.0439 00439  (0.0435) (0.0579) (0.0035) (0.0368)

2004Q4~ 10275 10081  1.0007 10379 09728 09728 09721 10008 09992  1.0020
2005Q1 (0.0467) (0.0846) (0.0048) (0.1151) 00817 00817  (0.0550) (0.0488) (0.0056) (0.0523)

2005Q1~  0.9881 1.0926 1.0004 1.0765 0.9545 0.9545 1.0067 0.9521 0.9981 1.0232
2005Q2  (0.0553) (0.1067) (0.0051)  (0.0814) 0.0755 0.0755  (0.0800) (0.0659)  (0.0039) (0.0602)

2005Q2~ 09898 10161 10006 10025 10197 10197 10313 09923 09988 10136
2005Q3 (0.0776) (0.1191) (0.0043) (0.1071) 00926 00926 (0.0810) (0.0822) (0.0029) (0.0457)

2005Q3- 10097 09476 10006 09574 10390 10390 10009 10401 09984  0.9839
2005Q4 (0.0489) (0.1138) (0.0042) (0.1206) 0.1015 01015 (0.0708) (0.0712) (0.0031) (0.0457)

2005Q4~ 1.0089 09484 10004 09566 10588 10588 10032 10592 0999 09766
2006Q1 (0.0682) ()0.2195 ()0.0054 ()0.2255  0.1869  0.1869  ()0.0621 ()0.2055 ()0.0051  ()0.1068

2006Q1~ 209876 10358 09982 10168 10011 10011 10107 09920  1.0008  1.0053
2006Q2 (0.0553) (0.1558) (0.0054) (0.1317) 01098 01098  (0.0638) (0.1122) (0.0051) (0.0619)

2006Q2~ 09943 09501 09980 09391 10435  1.0435 10054 10399 10014 09744
2006Q3 (0.0707) (0.104)9 (0.0056) (0.0868) 0.0763  0.0763  (0.0859) (0.0738) (0.0054) (0.0441)

2006Q3~ 1.0095 09592 09980 09615 10378 10378 10094 10295 10017  0.9897
2006Q4 (0.0719) (0.1254) (0.0055) (0.1043) 01001 01001  (0.0915) (0.0907) (0.0051) (0.0555)

2006Q4~ 10171 09953 09970 10102 09919 009919 09593  1.0298  1.0026  0.9787
2007Q1  (0.0558) (0.1857) (0.0054) (0.2043) 01299 01299  (0.0441) (0.1156) (0.0040) (0.0717)

2007Q1~ 10188 11287 09953 11425 09388 09388 09934 09433 10026  1.0526
2007Q2 (0.0556) (0.2119) (0.0094) (0.2105) 0.1228 01228  (0.0592) (0.1143) (0.0036) (0.1080)

2007Q2~ 09864 09343 09953 09151 10675 10675 10085  1.0599  1.0022 09726
2007Q3  (0.0479) (0.0920) (0.0090) (0.0764) 00681 00681  (0.0634) (0.0933) (0.0032) (0.0413)

2007Q3- 10144 10051 09976 10147 09967 09967 009994 09981  1.0012  1.0069
2007Q4 (0.0658) (0.0995) (0.0026) (0.0933) 00610  0.0610 (0.0603) (0.0659) (0.0016) (0.0493)

i 10017 10129 10001 10133 10087 10095 10035 10073 09992  1.0035
4 (00603) (0.1785) (0.0053) (0.1812) (0.1171) (0.1168) (0.0708) (0.1067) (0.0043)  (0.0745)
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1] 50 i 2 5 1l S 2% 48 @) (TEC) 1.0078 1.0017 -1.4069 0.1599
18] F1 i 2 #5248 &Jy (SEC) 1.0016 1.0129 1.1298 0.2593
17 7 5 1 % 8 (TC) 0.9949 1.00011 1.3599 0.0051
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N AT B 2 (A1 AT A 52 il ik [ T =% 488 gy 3R R HL R ol 2 38 48 Bl B b 8 A R
AN RRREEE R B E KR EIE - R R T a4z 728 £ 0 FH 3 iR VB 18 12
i 7K Y& 0] LLEE T 1Y 22 [] B LU R /N o S — 20 5 150007 58 16 o0 88 O 352 9 38R
BRI EE R (E ER AN LR E R > WARBREEIFER A HEZL -

BRANI S - REFEMARE > HEFEEARRAEE RS EEEZR
SRAE I Bl T 3R Y e E S B SRR AR AR A B A R A R il 7k R mT DA
PETHHY ZE R B TE R A N - BSltAE R ZE R R o [ Z A\ a0 o A
BAEER  HilmEEMRZIGEE  BRMEES - OEIMBERNE
N F R ER ¢ Q) PR MERT & T AR S [ERE AR < & IR 5 (3) B [A] 2 i A
TS BEEFm] RMNEESK > DREFR - DL E#ME  BEXEEEKX
e EE > NEFERRIREBESMKEREERE IR - Hib > K
Xt e B EMMER AR ELA R ROEMBREE T EEH ZEELR
AR M EMEER S E 2% -




J VD-02.tpf-30 0 L

RREFHEER BT

o =EA =2 o p
EBiRmR

SR E O AN SRR E RN SRR RERE
RZER - ARG B EFREMEOEMHLE D FET @ EVE - 85
ON )Y A AR T A A OCR R AR DN R D > B B R E S SR
TEGESR - RAEMREE RN R EEEE N EREAMG ERERER - B
& 25 (|l i R ] AR VB A BB Y AR R K MR o MUKW SR BRIEE LB A R 42
E 0T B R 2 [R5 SR P A SEL () B R O R (0 2 R M A E Y F] R | R
iRy e A B L E R - 5580 > By 7 3 B 5 R 5 b B DR 3R AN R
R T > APPSR LUE#GE SRk B = G GE N R 2 R R E T -

ARLERZHFHAEMATT - E S AR AT d X [ 42 & J7 45
BOREBEER - R REMB-PFIIE T 2 EmE D R EE E R B
% o BB = 0 RARMUAR AR B Bl A R VB AE B0 K HE BT DUSE T Y 22 R B T
[EIFE R - %55 L > THE R R DUR MR AE 2 F1R o0 i 3 5 2 SO > ARt 5e
i DA 2 2% B P9 AR OB T X R RS 1T o AT o SR R R AIE R 2R AR A ) B
B R RCRIBRE B E FE A AN 0 BR ] oA B A SR AT SR SO Z R 1 Ah o B
WEER Mt AR BN TEENWERREE - MO EER] & P RCOGEE is R
R -




J VD-02.tpf-31 0
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Biigg 1 & - EIREMBRERETERAEERHEMAEHER

ERRMARAG FT AR [EIFE LA B G 2R
FREAGEHE t{H RESEEHE t {8

Constant -5.4076 -3.0768 4.8552 1.7877
In(X;) 0.1044 0.4535 -0.0679 -0.2753
In(Xs) -0.6472 -3.3892 -0.3955 -1.9032
In(X,) -0.6362 -1.5159 0.2100 0.5387
In(Xs) 0.5137 4.0328 0.7707 3.9251
In(Xs) 2.0895 4.4877 0.7247 1.3746
InCY) 0.5595 1.2914 -1.5726 -2.7796
t -0.0052 -0.3271 0.0387 1.8678
0.5X1In(X;)? -0.0041 -0.2917 -0.0050 -0.3605
0.5X1In(X;)? 0.0270 2.3191 -0.0075 -2.1645
0.5x1In(X,)? 0.2651 4.8328 0.1396 2.8688
0.5Xx1In(Xs)? 0.0368 3.7930 0.0693 4.6452
0.5X1In(Xs)? -0.1653 -2.2357 0.0629 0.8705
0.5x1In(Y)? -0.1230 -2.1543 0.1336 1.9544
0.5xt?2 -0.0002 -0.7557 0.0002 0.9478
In(Xz) X In(Xs) -0.0157 -1.0082 -0.0150 -0.9071
IN(Xz) X In(X,) -0.0541 -1.6406 -0.0293 -1.0227
IN(Xz) X In(Xs) 0.0711 4.8570 -0.0070 -0.4941
In(Xz) X In(Xe) 0.0395 1.2840 0.0709 2.5284
In(X) X In(Y) 0.0083 0.2680 0.0380 1.3062
In(X;)xt -0.0025 -1.3737 0.0004 0.2719
IN(Xs) X In(X,) -0.1157 -3.4018 -0.0176 -0.6543
In(Xs) X In(Xs) 0.0099 1.0520 -0.0227 -1.7655
In(Xs) X In(Xe) 0.1156 3.8946 0.0933 3.7050
In(Xs)XIn(Y) 0.1007 3.8795 0.0643 2.7943
In(X;)xt -0.0008 -0.6812 0.0016 1.0141
IN(X:) X In(Xs) -0.0962 -5.4485 0.0150 0.7037
In( X)X In(Xe) 0.1504 2.8886 -0.1003 -1.8856
In(X,)XIn(Y) 0.0587 1.3074 -0.0777 -1.6973
In(X,) Xt 0.0097 3.0320 0.0109 3.4031
In(Xs) X In(Xe) -0.1006 -4.7825 -0.0882 -5.5654
In(Xs) > In(Y) -0.0511 -2.9657 -0.0862 -4.3872
In(Xs) Xt -0.0062 -6.7078 0.0025 21271
In(Xs) X In(Y) -0.1841 -2.9460 0.0365 0.5605
In(Xs) Xt 0.0018 0.7397 -0.0064 -2.6278
In(Y)xt 0.0001 0.0602 -0.0090 -3.5440
o’ 0.0040 2.9808 0.0677 2.8490
Gamma 0.4924 2.8542 0.9640 7.4987
n 0.0532 3.5186 -0.0019 -0.2021
Log-likelihood 517.2496 566.8094

At 1 REIRE AR E B 2 AR A R, 358 -
2 FFAE Y Xi, i = 2--6, B DL X1
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RREFHZEER FHE+ O
pifgx 2 PEHIZSUEMHEEER B ATMERMAHGETHER
SFA i T IR HERR QP fiET IR HERR
Constant 6.6374 0.9302 2.2605 0.6886
In(X.) 0.1105 0.1256 0.3074 0.1485
In(X) 0.4213 0.1471 0.3189 0.2351
In(X,) -0.1075 0.2445 0.6628 0.3130
IN(Xs) -0.0901 0.0883 0.1532 0.1252
In(Xs) 1.4019 0.2593 0.5444 0.1882
t 0.0068 0.0159 0.0399 0.0206
0.5XIn(X;)? 0.0201 0.0171 0.0809 0.0193
0.5XIn(%)? 0.0024 0.0046 0.0079 0.0193
0.5X1In(X,)? 0.3240 0.0571 0.4110 0.0836
0.5X1In(Xs)? 0.1115 0.0120 0.1330 0.0251
0.5X1In(X)? 0.2319 0.0430 0.1150 0.0227
0.5xt? -0.0014 0.0005 -0.0017 0.0003
In(X;)XIn(Xs) -0.0539 0.0215 0.0354 0.0240
IN(X2)XIn(X,) -0.0749 0.0311 -0.1565 0.0461
IN(X;) XIn(Xs) 0.0839 0.0185 0.0424 0.0218
IN(X;) XIn(Xs) -0.0315 0.0234 -0.0017 0.0167
In( X)Xt 0.0032 0.0021 0.0015 0.0017
IN(Xs) X In(X,) 0.0290 0.0344 -0.0922 0.0531
In(X:) XIn(Xs) -0.0589 0.0166 -0.0100 0.0254
IN(X:) XIn(Xs) 0.0006 0.0144 -0.0264 0.0194
In( X)Xt -0.0040 0.0025 -0.0010 0.0021
IN(X)X1In(Xs) -0.1458 0.0212 -0.1921 0.0275
IN(X) XIn(Xs) 0.0135 0.0360 0.0359 0.0512
In(X,)xt 0.0016 0.0044 -0.0073 0.0052
In(Xs) X In(Xs) -0.1033 0.0170 -0.0454 0.0191
In(Xs) Xt -0.0031 0.0017 -0.0014 0.0017
In(Xs) Xt -0.0004 0.0019 -0.0001 0.0018
o’ 0.2055 0.0047 - -
Gamma 0.9638 0.0075 - -
n 0.0464 0.0006 - -
Log-likelihood 796.9021 - -
REOLMBEASR 716 -
2. QP HYREHE Z IR ML IERS -
3B Xi,i = 26, FFERLL Xy ©
N
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Pf3 4
1. B (110 3 35 TRPHE B0 — (81365 580 TPP R O 220 J2 DU J50 8 3% B 0 0 T 1

{5 < £ (identity) B2 3 [ (monotonicity) AT 73 4 (separability) 4 kz Lt ] 4 (proportionality)

.t $% Coelli ~ Rao ~ O’'Donnell }; Battese (2005 & 180) #5H @ am 2 H & AWK E H

] 2Kt B Ry R R E R SUETT R o LA DIET E R AR
P A B ZE HH 3 [ 52 45 B T A0 A EE B o SRR ACSEL [ B HH B ) AR B
DUE H # 2 5 RE ¥ T IR R IR BR -

R HE B KT Sueyoshi (K92 H4547) EZRKHMR © ' HZFHAFE

DUNH M - Z e A EMEEA EE > BATHECH TIF  Z5F M8 £ R
Gt N EE S B2 AEARES R AELEEMER - 5 A7 EEREM
B AT o HOPT R R SR B AL Z R IR o BIAN o R R RE A R 28 A A R A R R AR E AR DA
RERZRABEHHEHSMHEAESE  ERTHSHEE  ER2EFR  REHRAER
MOk A cEY AR BT HEAES  mHGRAMHERE - RimEREE - kS
B R 2 R IR PR b s a0 < M Rs o N AE AR A TS e T EAE > iR
i 25 81 A2 i 4% i Fs DMU -

RSCRET B A E DB E AR E DR > RMAEFEHRFEER T ZEENEEHE

T B BI5GB AH A 2 [F]58 5 BT AR TR Bz » 1 3k [F] 38 5 22 B (&1 -
AR AR 2 Battese et al. (2004) Eil O’ Donnell ~ Rao ;. Battese (2008) it 2 H #Y i /] L i e
SE 5 1 (minimum sum of squares of deviations) - W — 2k # &1 17 (quadratic programming, QP)
i 511 75 -

- FH R AR S AR AR 2 Battese et al. (2004) £ O’ Donnell et al. (2008) At fi2 H 1 i /)N b B B S 5

A1 (minimum sum of squares of deviations) 5 & 31 &l € 7 5] 25 [A] 72 fift #5819 [5] 58 5L 2 8 -
b2 7 W R 2R [R5 SR B A B A B SR A IR R O o RO RO K B A T
T2 8 (& Et » 1T SFA JE 2 K 1 55 209 {6k £ impose A EL IR =0 HR -+ #5T f A £% I SFA G -
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Using a Metafrontier Input Distance Function to
Estimate Productivity Change for a Huge Container
Liner Shipping Firm of Taiwan

Bao-Guang Chang” Tai-Hsin Huang™ Yi-Chen Han™

Abstract

The present study investigates the productivity of a container shipping company in the
marine industry of Taiwan. An empirical study is conducted based on the company’s panel
data from 2003 to 2007, covering the inbound and outbound operations of 21 regular routes
to Asia, America, Europe, and the Atlantic. The analytic model is constructed based on
metafrontier input-orientated distance function, from which the constituents of metafrontier
technical efficiency and metafrontier productivity index change are derived. Main findings
are as follows. First, both the metafrontier technical efficiency and technology gap ratios of
outbound routes are significantly greater than that of inbound routes, attributed to the export-
centric character of Taiwan. Second, the productivity changes (technical efficiency change
and technical change) of inbound routes are significantly greater than that of outbound routes,
which indicates the demand fluctuation of inbound shipping. Third, the margin to improve
for productio n technology (relative to potential technology level) of outbound routes is
significantly less than that of inbound routes. In conclusion, unlike previous research generally
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adopted the entire marine industry as studied subject, the present study focuses on individual
company’s internal operation data and extends the issues to productivity change and efficiency
catch-up, and thus may provide more relevant information to the management for formulating
long-term performance evaluation and business decision-making.

Key words: Container Shipping, Liner Shipping, Technology Gap Ratio, Meta-Frontier
Productivity Change, Catch Up
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