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Abstract

According to the statistics of Containerisation International, with the recent fast
growing of economics, China greatly competes and challenges Taiwan and other Asia
countries’ development of ports. Thus the economic developments of containers ports
of Southeast Asian countries have been changed. As a result of the recent growing of
China economies, now there are six China ports being in the top ten Asian, with a
growing rates of more than 10 percents, excluding Hong Kong. As the port operating
performance links closely with port competitiveness, to further measure and analyze the
operating efficiency of ports, we have to select a suitable method to evaluate the
efficiency. On the methodology, SFA is an econometric approach, and is suited to
measure efficiencies of stochastic_ industry for input/output information. SFA has been
applied to measure performance of profit organizations. In contrast, DEA is a
non-parametric approach and is, suitéd to'measure efficiencies of deterministic industry
for multiple inputs/outputs information.'DEA has been applied to assess performance of
non-profit organizations. Since seaport-can be public-owned, private-owned and both
public and private-owned, this papet aimed at measure the operating efficiencies and the
change of competition of Top Twenty Container Ports in Asia from 2004 to 2006 by
applying both SFA and DEA models.

From the results of the analysis, with CCR model and BCC model in DEA, Ningbo,
Tianjin, Xiamen, Shanghai and Hong Kong have the best performance in 2006. For
SFA, Cobb-Douglas function and Translog production function were used to analyze
the data, and the result showed that Shenzhen, Shanghai and Hong Kong had the best
performances in the two models. Comparision of the four models showed that the
average operating efficiency value of BCC model TEgcc was 0.759 which is the highest
value, followed by TEccr (0.684), TETr (0.650) and TEc.p (0.542). Adopting Spearman
ranking correlation coefficient analysis to measure the efficiency ranking of the four
models, we found that the efficiency values were consistent for the two models in SFA.
The correlation coefficient of DEApcc was the lowest as compared to the result of the
other models. Furthermore, the efficiency ranking of each of the four models does not
depend on the average container volumes ranking for the data studied in 2004-2006.

Keywords : DEA, SFA, Container port in Asian, Operating efficiency
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% | BT Tai & Hwang(2005), Cullinane et al.(2002), Fung(2001), Tongzon(2001), Zohil
o & Prijon(1999), Thomas(1998)

i

- | AT Tongzon & Wu (2005), Tai & Hwang(2005), Sanchez et al.(2003), £ fFéa( X
91),f" #2 (% 91), Wong et al.(2001), Tongzon(2001), % i R @ﬁ%ﬁﬁ XLl
(89), Fleming & Baird(1999), Thomas(1998)

\ﬂg-g(ﬂ..

£

PR A% 5B Tai & Hwang(2005);:Seng:& Ye0(2004), Lirn et al.(2004), B * #7(92),
Cullinanget al.(2002), Heaver et al.(2001), Wong et al.(2001),Notteboom &
Winkelmans(2001), Fleming & Baird(1999), Murphy & Daley(1994)

T

AR Tai & Hwang(2005);Song& Yeo(2004), Lirn et al.(2004), Tiwari et al.(2003),
Cullinane’et al.(2002), Fung(2001), Tongzon(2001),McCalla(1999),
Thomas(1998)

[ Tongzon & Wu (2005), Tai & Hwang(2005), Veldman &Buckmann(2003),Lirn
et al.(2004), Ha(2003), Zeng & Yang(2002), £ #4% (% 91),Fung(2001), Wong
et al.(2001), = i 3R iﬁﬂi;f‘lﬁﬂ % #7(89),Budria et al.(1999), Wu(1988),
Brooks(1984)

kR E Tongzon & Wu (2005), Tai & Hwang(2005), Tiwari et al.(2003), & £ 42(% 93)
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Winkelmans(2001), Wong et al.(2001), Wang & Slack(2000), Heaver et
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AR 0k Tai & Hwang(2005), Lirn et al.(2004), Tiwari et al.(2003),
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,r; Baird(1999)
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PRABCOERLS V- BAEUTRY S HE R FF o PIEAEOREE TEG
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Martines-Budria et al.(1999) s * AL & %2326 & FL7 26 BB v 2 B Hox
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FEE 2 3L TR FETE s BT A BRI AT - LI S A
AR R A TR A R AT R AT A RB R F TS o H A RPN R
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%o Liu(1995)be % o™ SEH8 8t 2 4702 2 498 0¥ e 1 R PR 28 BRI
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TREET BB AT D - B S 2 FF o
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Poeg s H ;_% PRI E o

Cullinane et al.(2002)F1| * KL 8 B & 1772 7€ ' % 15 BB v 3
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(2000) Y RN NPES g RiEAZE 4 O | R E
Cobb-Douglas | 1985~1989 & R HVBEATE
% Translog & | g tp g 4 71 %
He PREMI S
Cullinane etal | SFA 2 54 | IS BLI M+ % | W HRBELEARE | LB LW
(2000) AR %V?%% pimeEe ff | £
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e
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Pels et al(2003)i& * DEA 2. CCR ¥ BCC #i;' » SFA 2. Translog # & & %2 #§+
33 BRI HEY 1995~1997 & enPjirr S & RfeF o TP L B TR WP h &
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3 Translog 2 |41 3 5 LR
A i s\
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31 FHe %L (DEA)Z AR

TR e %4 4772 (DEA)Z #2 4 A=k >t Farrell(1957) » § BF (2040 2 & »c 5w i
(production frontier)er% & % =% /& X H = (Decision Making Unit, DMU) > @ 3] 7
1978 & Charnes, Cooper and Rhodes(1978)#-2_ % B 5 # » v ¥ Bk H T RHEH
pulerlic R FIH ( CCREGY )T Rgfoe 5 S~ 5 A ehfrE (& > DEA 2 4 B
AR R gt o CCR V3R msaf eni R LA k#9753 DMU gl » 5B &2 & )
BRI ZEF L > FREF A NS ME 2R o 5 DEA P Ar3) e
W REAF P RISAFL T RM ) VB R 2 DMURR® & G Ap s o

A3 e b F RS E AP 0 1984 & P& Banker, Charnes and Cooper(1984)~ #

TR B ARAIR Y BBC fi5Y 0 8 DEA ek iT ¥ { £ - BCC H3*%F 7 R
o CCR H5% ¢ B 2 boap i iakis & BBC H28 ¢ 7 iy ¥ 4R st fhiierc st
AT B RPAF R P AF

flw Fe fmiriadr 5 $rGERE 5 T B ()3 S F LB RF L
FRFORPEFERRQOEFF AR FEE 2~ § A N2 g
G)? FEABERIFEILE L LARAAEDIR » 22 N2 i d 5 453 4
43R AL AR %@(5)?#&%%@% ‘;f“i)i%zfé L PRI R AR N 1
HEMF e ¥ BRBHELASTRI VIR LI QEZEFBERBTO)HERF LA
FreghEpiE s bR TFH Y %Vj% ek H o DEA & 8 + 54
W Y e e s B P?Fm CHRE E 2 ok 18 kbbb B AT TR B
Bt o dr AR~ BERE S RS s’ﬁﬁi%];‘cv‘ Rl s ve s BB ES
refend B AR R LS LR B b o

2FRE BLoE A ML

DEA #7342 s e R gL g 5 #73) o T Ap i | (relative efficiency) » {1
* o F % 325 B > (decision making unit, DMU) % » " 5 »x 5 | (efficiency)¥?
- {p Bl B if B B (Pareto

M »c% (inefficiency)® fé- # 4p ¥ 2 78 fhE =
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Hor & o % (deterministic non-parametric efficiency frontier) » ¢ ¥ M »c % 4 & Sn#ic | o
Farrell Bk R ¢ * §- 3 (X)2 A8 - 2 1Y) Bl » A N2 B GT * sk

y=H(x)Z& 7 > fX) 52X B R o Ed 45~ 6 KGR 0 B A AR T > e
FRE BT RN HRP R R 2

A
FRT o T TR ARMPFFIEANEER AT AN 2 o AeEmgTE R

amt

‘E_@'fsﬂiﬁﬂi—%é‘ﬁKEJ 2 R P ECE » RIE - B R B L 1o

Farrell ¢7%7 5 22 = 7 DEA 22353 24 & Sofic™ 35§78 »a s chftd) » R H e 2.
A d

FALLIE - z_fw o%8 I Charfies, Cooper & Rhodes(1978)i% J3 Farrell 2

ek EE A E s - AR e S Rt 5 TF AL e %4 47%  (DEA)

TR RIER 4N 5 A sk B oo

Sk

BxF - BAF2LAE> (AB-C-DE~F)>» #8113 pB2ZHE »EP
(X) 243 FB2ANFD (Y) 4oBl 1 #77 o § L% BR 2 B TR 2 R
s T S el PIE AR S DMU Bt Jlend & sl @42 E = ASB-C -
Dz &E 42N DH=NAZRT®R L3R ﬁ%”%ééfi“a%c - S 3 SR
Hz > d wHZAB-C-DE¥2 A Sdct > Fptige pERL S EL 1
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B FEK S E TR AP L AR TR BB e A
F GRS RIS A SR LB RE O BB X R AT BURIERZ AL
Flt N G BB E AR 2 pooF i HARAITE - W ANENF S50 A

I;— T T T T T T T T T
L E ]
L Ea D F*E .
i | la -
W |
L V=1 i i _

i L2 E £ -
A | i
T S g | | -
o I . P IE IF _.:E_

B 2 TR A 17 A A sl g ok B2 W R
%,

33 FHLE
3.3.1 CCR #3¢

Charnes, Cooper & Rhodes(1978)4* %+ Farrell $ics¢ A it a2 % ~ &2 114 & 7 5
P 45, Farrell e F R i > S 6 f APE L ok 0 S0 E s
LA BB DRI IR c RSB S A D A, B L A L H
- E - R E SRR~ B I F 5 DMU sk R R sk ik

T S CCR 05 » F B 2 2 5 e gadriz o

CCR #£5¢ B3k ] T 4 H-3F ¥ (constant return to scale, CRS) » 7 & — H (= ehjk
FANELET P FRREA ) A o A AT LRT ALY
Ve o AFETABNANES 6 KA G EZ AT AR R
FRAD G R AT LR KBTI RA N2 E AR @ T

)

» ¥

_'7_

=3
?*'

\m
Hé- A2

i.

*@
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R AR Blenside o B G NBAKE = 2R mAaAKk ~ X (i=12,..., m)k2
ASDENY (r=12,.,5) > BIH ¥ k %= H = DMU e 5 35 5 #1030 e st

OX

1 z Vi X ik
Min — == ()
hk z urYrk
r=l
ivi X
St-S——>1, j=l,n @
2 Uy

r=1

u 2e>0,r=1,---,s

3
V,2e>0,1=1,---,m ®

TapaE

h, : % k i DMU &4p §t2cd &
Y : % k B DMU % r 35 4 4
Xic %k B DMU 7% i 548 R

Yi © % j B DMU (j#k) % r B 2 9155

"% j @ DMU (j#k) % i @48~

[
N

Tl B A NI Rk i

EERAE EEE R T3S 3
& 1 4R/ hi fir o Charnesetal. (1979) # i 2L A K fLfic> &7 FR* ¥ &
2107 o

g (D)7 e XY B E B DMU o 3 2 4 3k @ CCR 038 AL

DMU 1 55 & M~ $r 2 fE i R »ef AR & 905 I T (Ao g0

A4 )0 B e o S oz B A 0 S TR fLE AR s
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2 DMU 3 5 » ] 30 1 RIfEAR ST @ 25 o @ e L5 % % 1 DMU 7 R 30 dc
e g 10 SR 45 FI4 Y DMU $ g - o (u,,v,)» & £ & 3 5T it »

ﬁé&ﬁﬁ%ﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁ’ﬂ&ﬁ&%@gﬁe

SECENGOIET S TCRTEIFAE S ER I SR IR g EL T R 2 1

WS Dok 5 - BAMERIRG A3 & N e 2 BB AT 5 4ot (4)

Min invixik (4)
st. Y u,Y, =1 (5)

D VX =Du Y, =0, j=1,-,n (6)

u 2e>0,r=1,---,s

(7)

V,2e>0,i=1,-,m

FAP RSO R RS PR T > GER A DR
Bfes bt o RN Y G M SRR Bntm+s B 0 - BE 0 ERE
L2350 VHEPERP RIS BB ER G s > PREEHE 5
ROV EELIOTI TN £ LGN HBREL O 0 A, 5] v s

¥ F o (8)2 #1858 ¢

Maxhi:9+g(25i*+ s;] 8)

k i=1 r=1

st. D AX; =Xy +5/ =0 9)
j=1
DAY -, —s, =0 (10)
j=1
vi,r,j r=1...5s (11)
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SRR TSN 3 TIEL S T

r=1,...,s
I=1.....m
J=1....,n

FPlzos st S A 0y B4 0 x 20 £ 37 % #i(slack variables) ¥ #F 8 B TR %
Foom @aeied ih? e & o] o BATNB)Y s ST AN S RAL ()Y AN 4

& #icen T 4T A %F % #ici(complementary slack variables) » & b X $f 8V By fE4 ~ &2

N
I

S
=1
0

LF 5 E R 0=12 s, =5 =0 PB4 7% DMUE ok o
PR B oo B AP RET LA 2 A N F
T o Ft oo d R 1 i T So @ ok DMUy E A id §

R RS S S - E

AXy = Xy = (X —Sf*),i =1, m

. (12)
AY, =@, +s, )Y, r=1..,8

3.3.2BCC #5¢

CCR #7385 B3k 2 A AT B FACRHCARPY » 3 48 » R0 50t Gl 4o
AN E WA 0 KA N3 BB TG A MBS R o P E
- BREREFHDMU » B ZreF R FIT i R F b RRER S F B8

IS

Y

2135 DMU s aF ol 6 > RI7 S g 28 { F s doondent i o B
Banker ~ Charnes &2 Cooper 12 # & ¥ i § & w 3 2> 372¢7 Shephard FE& 0 #c > § )
it BT e 5 B RO S e BCC i3t 0 B BCC o5 % % 69 S H0AR Y o

CCR #5845 # PR35 204 5 elie F 30477 » - 5 1) B W) DMU sp $$2%
F @ - m Banker ~ Charnes £ Cooper & » A 11 5 % 38 e/ ™ » # CCR 5% 2
FPEBCCHF 2y REFEXTHE =2 2 s 58 e ¥R 23R8
LA D AR AL (14) S e
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D Vi Xy + U
Min == (14)

hk z u rYrk

st >1, j=1,---,n (15)

u,v,2e>0 r=1,---,s;i=1,---,m (16)

& ¢ A 4&] e fic > Charnesetal. (1979) f 5 2Em A4 4t A ER* F ¥ &

[£3-
2107° -

500 U, A SRR g e ) U, T SR P AR o
U, =0 p¥ it % 3% DMU. % 438 ¥ B & (constant return to scale > CRS)

U, >0 pF & % 2% DMU 5 %tk sk 7 (decreasing return to scale » DRS)
U, <0 ¥ £ 2% DMU 5 FB3F VL3 (increasing return to scale > IRS)

B (14) 2 3 Rz mvgd B i dhd S R o A
et (17) v g4z

Min  —=>"v,X; +U, (17)
i=1

ZUrYn +U, 20, j=1,...,n.(19)

st. Zs:urYrk = (18)
r=1
295

u,v, 20, r=1...,s,i=1...m. (20)
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50 (14) 5 K 57 B ASZ RIS - Bk 0 21 B
s e R O RIF R M RgT A (17) S e i (21) 47

Max hize+g(isi++is;J (21)
k i=1

st DAY, -6, —s; =0, (22)
j=1
DA Xy 8 =Xy, r=1,...,8 (23)
j=1

0 &

=
b
b
i

d BCC eh$tiy #0558 ¥ 0 2 ArDMUBER 5= 3 8 (O A X, DAY, ) 0 £ 4«
j=1 j=1

1

A F g ot i el B R R AX, 0 A SRS AY, 0 doiEs (25) %

’/‘F o

AX, =X, — (X, —sr*),i =1,..,m.

. (25)
AY, =(@Y, +s, )=Y,,r=1..,s.

# DMU 12 CCR #i25¢ (1) #im»aed » H 90k % ] > BCC #;\ #1735 e
PSR A K hE B SRR PIER F I i 0 B F 8 BOC 5 AR R oh
PLF EH & BRI F  CCR 03 et s oo Bl & HiFa s | —*Ff 2 E
Fes BT > T2 AT F AT S B T chip 3k o ik J Banker ¥ (1984)
P oarn W A Bpesc ¥ (8 technical efficiency ((TE) & T i ik ez & (@ pure technical

efficiency | (PTE)¥? " 24ir»x & & scale efficiency | (SE)EAp %k o #7102 £EF T 758 F @
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TE=PTEXSE
SE=TE/PTE

HY SE=1 £ 74 KE =8 20 S F AW k& 2 SE<I A&7 A KE >
Bt A s Sk R 0 e R ) R AR SR B VR B R L REIR B A5
4= o ¢z Fare, Grosskopf and Lovell(1985)# 1! » F]pt ¥ & 4o » L83 2 H3F pY

n
(non-increasing return to scale,NIRS) i i# » & T st iy 258 ¢ - 1 =120
i-1

n
DA <1 ERT R @A LR E AR AR 2 BT 0 R R

H i 2BV IR B (NIRS) 2 B jiraic ¢ 87 5 6 3R pU(VRS) 5 - vt e W+ (7
e R E RS PR PIIE B B P B ETIE T

HTENR 2 TEVRS g » J- 8 H 1 ot vEB 2B s £ o
¥ TENT =TEVS g > i B ko LR R r p re £ o
¥ TESS =TEY® g » 0B Gk B R R s £ o
3AFHE BA Y HSA I
3.4.1 %k A5

§ DEA=RApE S 2 5% 05 5 7 1% CCR #0583 3 judoe s> 2 12 BCC
WA B Hes gk b > BT ,u,%gd BB AP E A IR E oy o
P S ARG S e DMU > H Hama RS e P L AR E T T o § R
H e 2 ;krg,,sqz\ﬁlgﬂ,\ig PLFARE L R F EARE 0 AT B 2
B ARG R PO EARG 0 P2 A4 AR o

342 £ IR EA

d %> DEA 5B g % ¢ ﬁ;ﬁ S ] SLETEE S R T SR VRS 1]
TR e F R > AR BT T AT PG G R ST i A
2 DMU ig {7 A 450 M 80 3 ¢ e b p Ry in T TR i 2 7 g

.

S B -
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d 331 &orda 2 58 (8) PH N AFEREKS ES o £d ¢ (12) ¥ 73] P &K
rEXREFRADR Y, RARBEREIAFRA T REAAF ST v B R -
g (12) 597817 DMUg2 »c P> 7 (Foem g » 2 2 g Sy » g2 12
4e (26) 2 (27) #71 -

AXye = Xy = X (26)
Ao = Yo~ Ve 27)
# (26)8 27)7 4 DMUC R > A 2 45~ > 5842 Ay, & 2> s d 2
7‘?[_1%’\ o
3.4.3 R A A7

DMU 2 & »c 5 ¥ ip £_k p Fppmse s > & 3 b RHIFE R s o ARHER
fo s s i BCC 5N 4 45 FF » § 2B eF B 53 1 > 32 DMU e 5 Eii 2 &
ﬁﬁmaDMUﬁ%ﬁﬁﬁ@&%l%’%ﬁﬁw?ﬂm%*uﬂ‘¢W*%ﬁ’
3 u;gw AT M e MR ORI RAB T 4 A R .

o BCC i3t ¥ 2 U, w22 DMU et SR i ~ A s 2L
B o RBAR R EH P R A T 8B R 3% DMU T e £
EPIREEE | AR AT R > A SN EH ~ 0 £ 7 37 DMU A
PERLBOAR S L AR P RS IRIR P B R A D) YR 0 52 DMU F R
o B REFPRAE o

344 7T B A7

d%DE&ﬁﬁﬁ%%%%{@ﬁwquw%ﬁ,uaDMUmﬁ%%%ﬁé
R gE { Ronk o FLR-HRYRERST R PR BNTHE A

REER LR Aol

S e SR - TR TR AN L $ L DMU 2 4p o i
FIA A f SRR E e &GRS 0 T LR ph SRR 4 RS S A 1T $ 5 8 DMU

7=
o

5K e BAEZ T BRE L
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DEA #75% 5 H Bk w4 22 s * 0 U4)(F @ 7 (1993) ~ #4545 % 4 (2003)) » &
*FALE BRI E R TR P d 3t DEA £ fApta e s v &
¥ DMU 2| 2 5§ »cdpr AR E L B4 2 & 2% § DMU A 28 § »ck
o R A H A3 DMU § ¢ 5§ Apshii2 »eg 14 o 5 DEA 058 & - fhig
WARM RN Bt SR E £ R fﬁ(outliers)%%igfi SR X3 -3 ErE
it o A DEA BN s RE T L TR EE g 5 0 Fb R & H 2
A ?1‘%Hﬁkm*lﬂﬁnﬂ’?."M’*fér_fé:u%@@o

i okl R aoriE TR s AF WV RESD AR L E
2 Fefpred o Frn hE R 2 B R RSB - TR EFE o FAA
PEAAE 2 BRIV RAR > TG R T RATE o SHE
TR ot b T d W ELE R GESE A NF 2 EH D
LT o
(-) GFELFRE

X B Eadte- AST R B 0 FE A PRl £ ke
(7 g BIRE R 5 % R B S o 4995 Golany & Roll(1989) % = 3% iz H =14k

3 énfe B (homogeneous) &k 73 R AT E = § 7R LT g
(1)% DMU 82 & § Apfe cnig P AR2 49 0201 (TR

(2)% DMU 2z 5 % B & 05 & s dp 02 >

(3): DMU F £ 5 4l 2 3% Bid -

(=) FrEFNH2EH

A NI Y 382 B & F % M (isotonicity) 2. 3K o 7F PP~ I8 B R 3 4

B A AT HR A WY o § LR AR AN R (0 )RR
45 ’4“# —E_ifﬁ Eﬁj&- IE‘B ﬁ'{lg ivi ]d_lﬁ'{z\ ) T~‘7\|}__ —‘ﬁ'{/}f:\"i pxlE' j\

Foidz o5t VR RE L3~ & J3F B 2 4p B 45 (correlation matrix) % 5 3%

Mo LR et FlF R A RS T2Z0R o

B4k~ T8 A NITE A 2 B #1995 Golany & Roll(1989)# 41 2 5% i% A »
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PrBFERANF AP AR BEF AAREFEXTGE 2 BHeh- A2 - 5 @ Dysonet
al.(2001)H T35 I [ 5L Bt B> i PR H B EA L KN A BB A
B RHEAE NI o DMU * § 0 &5 M EH endp ikt o @ K4 th 2 Fl R TR
EhHEESHEE I DMU * 0 BIF S X mE e g n g e o R
g A2 R RERFTER o

3.6 Malmquist 2 & + 35 ¥z

% Farrell(1957)sL A @ » £ A4 » TRERF 2 254 287 713 > 3% DEA
okt : BARE e mEY R BIOMR SR TR TR BBt 2 B
A fE 0 Jf 1 Malmquist 2 & 4 4p #2222 oo 541050« % Caves et al.(1982)3% o)
MR R B I 2 P2 24 e di T $ 53 &4 5%k, (MPI) o MPI
b B kR R - BEE AT RHRET B A G4 BhniFa, s B
FOUJR S A~ B A DR -4 & 4 #4725 S % # (Efficiency Change,
EC)¥ # k% & (Technical Change;TC)» M 4F3 7 = CRS T e 2 2 2 4 & R F] o
Caves et al.(1982) #_& 2. Malmquistigi® Em 4 3 4 p Biche 4 (28) 0 A1 Stz B
RS AA S FE ARt I Rl 22 R4 DRH T o AN Q)RR
tH] B ek ek BT L 28 bl A thl B2 A 4 B i#H o

Mt B D(;(Xt+1,Yt+1)
0= t t vt
$ ot Do(X7Y) 28)

o D(t)+l (x t+1 ,Y t+1 )
0 t+1 t oyt
PR Do (X7.Y7) (29)

Fare et al.(1989)MPI &_#- Caves et al.(1982)# ! % t #) &2 % t+1 # - Malmquist 3% »
o d 24 B L5, 405 (30) ¢

1
Dé(x(t)Jrl ,Yot+1) D(t)+l (X(§+1,Y0t+l) E
X
DIOGLY DY XY 0

MO(XI’YI’XI+I’YI+1)=|:

PAp B R ER A AR AR T RSt e S 1 B2
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A3 gH e o ¥ At MPI :}Flﬁzt‘ ¢ AR S A u S D, (XOaY ),,t:

t+1 t+1 t+1 t+1 t+1 t+1
D" (X6™Yo™) it sy 5 i D5 (X" Ys™) g Dy (X0.Ys T
M0>0FQ’Z\TFAFLW7DMU4I§’J;Fiim’ DL ’%M0<OF%’E'JT£%—F—!
DMU ¢4 2 4 %R %1901 % o Fareetal.(1989)i & % 4035(31) ~ (32) ~ (33) :

MO(Xt,Yt’XHI,YtH) _ D(t)+1(xt+1’Yt+l) ><|:D(t](xt+1,Yt+1) D(t)(Xt,Yt)

X
D(’[)(xt’Yt) D(’[)+l(xt+1’Yt) D(I)Jrl(xt,Yt)
€1y
D(t)+1(x t+1,Yt+1)

Dy (XYY (32)

TC =

D(;(Xt+l,Yt+1) Dé(xt,Yt)}
X

Dt+l Xt+l Yt+l Dt+l XI Yt

STOCTY ) DXL Y )

EC# (F 5 dp s 2 s AR & > % 2w H g Ot B2 38 -2 a¢

Ferl Az 0 F EC>1 N & 5pdpems t+1 #p 2 FFamedecd ; FEC<I Pt &
AP e F R FRDOERIETC>L 54 AF R B 0 L) FHA L3

EH G F TC<1IPF > RE&TZEAARRE e REF & > T A ¥ HFFR 98 L3
¥4 o Malmquist # # 4 #pﬂx—iu GRS RTF #7% KifFg 4 &2 4 engd > L F R
E R RAEAR AT > PLEC T A fE = B o err & % #5 (Pure technical
Efficiency Change, PTEC)£ #L$i-»% 5 % # (Scale Efficiency Change, SEC) °

Dy (XY *VRS)

0

PETC(VRS) =

Dy (X", Y'VRS) (34)
D(t)+l(xt+l’Yt+l|CRs/
Dt+1 xt+1’Yt+1 RS
SEC = — 0 MRS)
Dy (X*,Y|CRS)
Dé(X‘,Y‘[\/RS) 35)

NGHEFER RPN T % tHl HEF t P20t o fgxE PETC(VRS)> 10 |
7oA P e Poese S ec L S PETC(VRS) <1 &7 %3 B o FI2 > £ 39(35)
P ESEC>1 27 5 tH1 H A S t @ 2 0 {Seda T b2 AR TR
2 ARBP TS R4 s § SEC<1o Bl & 24 & A S T % o ¥ % Malmquist
4 A& 4 dpdcs 2 5 PETC ~ SEC 1 TC >t #h » B i»ed f B g d 2 pf 4
TERER P H I P A4 B LHEMe § Mo>1 272 24 EH
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M<l Z 78842+ 3R M=l &7BH 247+ 2% 4r;8(36):
M, (X',Y!, X" Y") = EC(CRS)x TC(CRS)

37 R 2 (SFA)Z A 2 fn s

“g48 8 B % (SFA)E_d Aigner, Lovell, and Schmidt(1977)# Meeusen & van den
Broeck(1977)%74% d12. > 2 » 3 B A TPt g ¥z B Boak i r» A I e 8
B - i AR F R FRIXFRE A AL T £ E oG A
G2 ARG HE G HpeF o L2 Ed mapa g adriaigea ko4 Lk
Farrell(1957) e 5 £ RIPL A F A K > R T G 4472 R & BR L9 F Rp
#3 - B Poandh o R TS Bl g L AR o d AR B A
W25 o R A e TR f AR fAEFINTEIA ~ R N E o R T

PR SR o R IR HAAA F AT

Y, =X f+eg (37)
& =V, —U,

I=12,...,N

Y & % 0 BRGE A D g § A3 (e log 31 5Y)

X, %7 51 BRE R~ B (1K)
PET 2 A SEB Y Gk £ (kx])
& »FAT

He v WA BT 00 $R &k YR Eap

Vv, NIddN(O,o'Vz) » (N & -E;,;h];ﬁ_;;;[ H W 2 F—a-_.-.—'i_rﬂ_%— .
U 20> &7 - 25f g %l ¥ R R E 2 A mscsy o
BN RGNE TR R E - £ RO 0 5 R %75 (cross-section) 3t o w ik fF

£ B9 i 4§ 74 (panel data) - Battese & Coelli(1988)# ! B8 i 4 T4l 2 "L 188 &
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Yit = Xtiﬂ+gti (38)

=12..N yop T

Y, %57 AR Y %0 BRE A D SEF A (4 log 315
XpZm eBEFLY $iBRFHZ > »B(1xk)

LAom A A Sl w o~ lies (K x1)

& » FATE

Vi B R SRR R R LSBT 0 v, ~iddN(0,0))  Fu T S b
Bl U, R A A BN E g v - 2R ahE 8 ¥ i

Coelli et al.(1997)#-u, » = & §&> - fa% B 7 % |2 (time-invariant) & ¥ - f& 5 pF R

% ¥ 1 (time-varying) @ & $Liim i sefoacdk BT 4o

PE Y 7 % M (time-invariant)H i 8 30 5L 4

PR 5 # |4 (time-varying) HL e & 22 5 2 %

= {exp[-n(t-T)]u,

EESELES SLESE D SR ANE SR A F‘““
& F A BB PR oS o BB A ERITQT A R AR i I d s
FAEQ)TRFERR T A AR (DEPRFE T RIS L
Fez Bk ()% JE 1 KAg etk & » FRLRIZEELS P > LBt A UK o

3.8 5E ¥ B 2 (SFA)Z A 4532
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SFA i ¢ /1 430 R 0 iR ST R G 0 £ b i

(maximum-likelihood method) % o
B STE E

AT eS| i # * Cobb-Douglas 2 Translog &3 > - B A %

e BP s b0 S8 e (39)8 (40) T o
Cobb-Douglas & #x:

- R S

y = A XX x5! (39)
PRt A

Iny = InA+b,Inx, +b,Inx, +b,Inx, +b,Inx,

Translog & #:

Iny = b, +b,Inx, +b,Inx, +b;Inx; +b,Inx; +(y2)[b“(lnxl)2 +b,, (Inx,)*

+by;(Inx,)* +b,, (Inx,)*1+b,, Inx,Inx; + b, Inx, Inx, +b,,Inx,Inx, (40)
+ b, Inx, Inx; +b,,Inx,Inx, +b.,Inx;InX;

25
SFA = /27 2. @ x5 erig 8 F 398 vy 0 — P A K EenA fe ] fi 0 Aigner
etal.(1977)# 17 * & % fi & fe &% £4p /> e > Stevenson(1980) R 3% 1 £ ¥7% fi »
feo ¥ 3 FH#E AN S oI5 (Gamma) & fe o B ¢ 2 F 4 feditst ~ dp it 2 BT
BoRAFRRGNE A fe e T
(1) £ ¥ i (Half-Normal) 4" fie 5%
)
E<uit|git>= (1 o%z o) &4
+1 ) q)(_eitl) o

(e}

(41)
(2) 45 #=(Exponential) 3¢

O_v¢{ Eit — 00—\/2 j|

O-V
q{gn - 0o }
v (42)

38

E<uit |€it> = (git _9(7\/2)+



1

0=—
O-U
(3) # %74 i (Truncated Normal) 4 fie 54
FM+ﬁJ (ﬁ%
By g A RIS et O O mpganz\ o)
el
ol ¢[c;j gl L
E<uit|git>: > - =+
ﬁ+ﬂ) Q(_gwij c ol
o

(43)
3.5 % P ip 2 (max1mum likelihood estimate method)
Aigner et al.(1977)% 418 % % B Sfiche™ @

f@:;q’@[l (D(_%ﬂ , (44)

2 2 2
Ap O =0,10,  g=v-u, o
o) s ¥ oo ez i ok
PO 5 o4 oo e B4t AR S e

E(e)=E(u)=-2£
L CRL RS

v@):v@o+voo=(£§2]ag+ag

%aﬁi@:é
7 SFA % % B S PRI Sk |

A 1 &,
InL=A- Nln0'+21nq) -3 )&
O O i=1 (45)

AL ¥u
FI* B priy g3tz ffg > 278407

My £
q G

1-O
o, o
(46)
2 2 __2
— &0, ) 0,0,
/u*i = 2 o, = P u. ,
5 o s o s %’.\85‘,,, igpé; ,gc,,rr;/é ,%?*if—é[d"‘i‘r“giﬁ

#E S (TE, )44 58 ¢ TE, = exp( j =exp(-E(y, |¢,)) = Battese&Coelli(1988)

v n R ETE, B 3H40(47)5% ¢
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1— d)( O, — Hi J 2
TE, = E[exp(— u, |gi>]= o exp(— U + 9 J

| 2
1—@{— “*']
(o

iz B Coelli et al.(1997)zF 3% 2" 78 12 B k& — 451 $£10 ¢ F ¥ T (one-side

(47)
4.SFA B3 T

generalized likelihood-ratio test) | T &_F 7 i »x 5 vk > H 4 2 538 LR 3+

£
oY .
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011 I -

xR R 2004 # 3 A 0 TR A

FINPN 24
B PR A | pAER | PSS | FRERA | AAEE | ikt | FIRELE
() (m) (27) % £(TEU) (i) (#) (TEU)

Fricsl 37 5,265 | 3,390,000 | 65,614 | 3,768 118 21,329,100
Ak 22 7,259 | 2,503,100 | 203,920 | 5,922 83 21,932,000
g 19 5,059 | 2,614,926 | 156,264 | 2,667 51 14,557,200
FE 18 5,543 | 2,290,000 | 185,000 | 1,718 42 13,650,000
E 62 11,040 | 3,013,570 | 162,659 | 4,470 52 11,430,000

% 2 22 6,711 | 1,901,374 | 87,906 | 2,339 21 9,710,000
b 13 5,100 | 1,136,000 | 144,872 | 6,072 43 5,139,700
Bk 4 2,138 | 757,000 39,591 992 16 4,005,500
R 6 1,299 | 615,000 | 29,600 654 8 3,308,200

T 24k 20 3,113 21,493,300 +.50,800 997 48 5,243,593
= 8 2,450 | 1,004,400 | .22,100 598 10 3,814,000

A Sdgp g gt 6 2,160 | 1,200,000.| 108360 | 2,100 24 4,020,421
AT 22 8,600+ 13,471,800 | 49,288 1,912 56 3,529,000
& ™ 3 1,110 | 715,000 15,000 469 10 2,871,000
3 13 3,686 | 893,701 50,561 3,342 32 3,580,000
A 12 2,788 | 1,626,000 | 33,480 288 29 3,170,000
Bk 13 2,669 | 1,504,000 | 30,566 1,768 16 2,211,200
LLRE 21 5,580 | 1,733,601 | 88,020 | 3,444 42 2,576,522
Prek N Jp 5 1,280 | 688,400 58,550 868 16 2,371,338
TS 12 3,176 | 472,300 62,320 1,116 26 2,220,525

F 4 kR © Containerisation International Yearbook 2005
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FO12 LW o L RE R 2005 E 48 0 A D FRA

FINPN 2 &
e | FEER | RALR | FERR | L | 4den *%;;fﬁ iz
(%) (m) (%) # £(TEV) () (TEU)

AT 37 14,900 | 3,390,000 | 65,614 | 4,128 131 23,192,200

Ak 24 7,999 | 2,788,500 | 251,834 | 6,672 91 22,427,000
e 23 5,706 | 2,947,858 | 192,084 | 3,855 63 18,084,000
Y 19 5,543 | 2,290,000 | 185,000 | 2,106 54 16,197,173
R 65 12,090 | 3,823,570 | 242,177 | 4,470 61 11,843,151
® 22 6,711 | 1,901,374 | 87,906 | 2,339 21 9,471,056
Fh 13 5,100 | 1,136,000 | 144,872 | 6,072 43 6,307,000
g8 4 2,138 757,000 39,591 992 16 5,208,000
R 8 3,119 | 2,435,000 | 115496, | 1,734 22 4,685,000

= 21 5,213 11,493,300 | 50,800 997 50 5,543,527

SR 8 2,450- |.1,004,400.-} 22,100 598 10 4,801,000

4y

# 6 2,160+ | 1,200,000+ 108,360 | 2,100 27 4,177,121

AT 22 8,600 | 3,471,800 4 48,460 | 2,242 56 3,765,967

& 5 1,490 480,000 15,000 240 11 3,342,300

L 14 4,016 | 1,020,901 | 55,061 | 3,386 34 3,593,071

LR R 12 2,788 | 1,626,000 | 40,176 388 29 3,281,580

* i 9 1,759 | 1,504,000 | 30,566 | 1,768 16 2,655,000
% 23 6,040 | 1,943,601 | 97,874 | 4,776 42 2,873,277
ek N g 8 1,725 688,400 58,550 868 16 2,666,703

GRCE:S 12 3,176 472,300 62,320 1,116 26 2,455,297

7 &R © Containerisation International Yearbook 2007
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%013 Lo

LR R 2006 & o A 2R

S

Por 24
B FiRGR | AER | PSR | FRERf | LaEn | phets | FEELE
(2) (m) (2°F) % £(TEV) (8) () (TEU)

Frivit 37 14,900 | 3,390,000 | 65,614 | 4,128, 131 24,792,400
Ak 26 7,999 | 3,438,820 | 251,834 | 7,080 124 23,230,000
A 29 7,356 | 6,169,837 | 224,691 | 4,776 79 21,710,000
Y 27 8,228 | 3,341,600 | 248,000 | 2,354 77 18,468,900
N 65 12,610 | 3,922,413 | 267,630 | 7,422 70 12,030,000

% s 22 6,714 | 1,901,374 | 87,906 | 2,339 21 9,774,670
Fh 13 5,100 | 1,136,000 | 144,872 | 6,072 45 7,702,000
Bk 4 2,138 | 757,000 | 39,591 992 16 7,068,000
R 19 5,219 | 4,650,000 | 292,805 | 5,784 26 6,600,000
T4k 22 5,513 421,736,300 | +.50,800 997 50 6,320,000
x 2t 8 2,450 | 1,004,400 | 22,100 598 10 5,900,000

A g s 8t 6 2,160 | 1,200,000 108,360 | 2,100 27 4,770,000
AT 21 8,600+ | 3,546,800 | 67,555 | 2,242 56 4,123,124
E 8 1,490 | 480,000 15,000 240 11 4,018,700
L3 14 4,016 | 1,020,901 | 55,061 3,386 35 3,665,000
LR AR 14 3,192 | 1,656,000 | 47,676 496 31 3,346,600
* 3 13 2,808 | 1,663,150 | 35,468 | 2,296 20 3,212,000
& 23 5,430 | 1,911,256 | 99,214 | 5,674 54 3,200,000
Prek N fp 8 1,725 | 688,400 48,500 992 16 3,084,000
RCE:S 12 3,176 | 472,300 | 62,320 1,116 26 2,876,100

F L kR © Containerisation International Yearbook 2007
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F 142004 E4 ~ 2 & I L BB 2 4P M GlkAs 17 4

Fr
| RS R | ERE | EEE| A 0 FoAz
#r 24T RE "'jvi;’éi Fﬁa & | £ g " iaﬁs o @_#&
(TEU) | (&) |[(=%) | (='F) | (TEU) | (®) | (&)
b’ 1%  |Pearson
E 2 p B 1
(TEU)
b 1% 4;  (Pearson
Bl | ApH 539% 1
(B)
45/ |Pearson
B Ap B 599%*|  854%** 1
(=%)
b 1% 3 [Pearson
AR | APBE 673%% 760%*| 806** 1
A
b 183 |Pearson
R A0 B 2R ARAE 1, 623%* | 450% 1
(TEU)
%% |Pearson
3 ip B S569**  539% .665** A467*  [T82%** 1
(1#)
#ait4z  |Pearson
il AP B JT64%%| T 636% % 583%*|  7T78*F*|  466%* .640** 1
()

*. Correlation is significant at the 0.05 level (2-tailed)
**_ Correlation is significant at the 0.01 level (2-tailed)
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Z 152005 g~ &2 & I 2 BT 2 Ap B s 7 &

Fr
| B | R | RS RS A0 FoAz
#r 24T RE "'jvi;’éi Fﬁa & | £ g " iaﬁs o @_#&
(TEU) | (&) |(=*)|(='%) | (TEU) | (¥) (¢)
b’ 1%  |Pearson
E 2 ip B 1
(TEU)
b 1% 4;  (Pearson
Rk | P 6057 1
(B)
4 M |Pearson
B AP B O58%*|  949%* 1
(= %)
b 1% 3 [Pearson
W i 1p i 598K 781%*| 80k 1
A
b 183 |Pearson
R Ap BE 721 %% A88*|1s 468*| [ 582%* 1
(TEU)
% % |Pearson
3 Ap B BT8*FF| 515% 599%* 530%| 751%* 1
(1#)
#ait4z  |Pearson
1% Ap B 836 T8O**| BOS*F*| [ T20%*|  574%*| 651** 1
(¢)

*. Correlation is significant at the 0.05 level (2-tailed)
**_ Correlation is significant at the 0.01 level (2-tailed)
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# 162006 & $ ~ &2 & I 2 FHET 2 4p B s 7 &

Fr
| RS R | ERE | EEE| A 0 FoA
#r 24T RE "'jvi;’éi Fﬁa & | £ g " iaﬁs o @_#&
(TEU) | (&) |[(=*)[(=F) | (TEU) | (B) | (&)
b’ 1%  |Pearson
2 p B 1
(TEU)
b 1% 4;  (Pearson
B | APH T5T** 1
(B)
4z |Pearson
R p B JT16%*| 843%* 1
(=%)
b 1% 3 [Pearson
o fi ip B S574%% 610%*  .520%* 1
A
b 183 |Pearson
R p B A97%1.646%* 217 258 1
(TEU)
%4 % |Pearson
3L il ART* 672%F*|  480* 631%  463* 1
(1#)
#ait4z  |Pearson
o AP B JT69% %] TTO32%% 853HK| 625%*|  569%| .642%** 1
()

*. Correlation is significant at the 0.05 level (2-tailed)
**_ Correlation is significant at the 0.01 level (2-tailed)
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OMU | g | gemmscd | e | " $71 | Atk ¢
Frdent 0.793 1 0.793 AL 7
LK 0.878 1 0.878 AL 5
+A 0.893 1 0.893 A 4
vl 0.761 1 0.761 A 8
3 0.369 0.662 0.557 | $its ~ A 17
B 0.828 1 0.828 A 6
i 0.726 0.801 0.907 | Fitr ~ Hfic 9
Pk 1 1 | — 1
R 0.478 0.645 0.741 | Hoi ~ 2K 13
= 4% 0.43 0.687 0.626 | it ~ AL 14
23 1 1 | e — 1
- B R R 0.668 0.669 0.998 | Fotr ~ Hpic 10
thhs 0.173 0.273 0.632 | Ftr ~ Hpic 20
b i 1 1 | —— 1
193 0.384 0.414 0.928 | 4~ AL 16
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Fric 1 0 0 0 0 0
3k 1 0 0 0 0 0
A 1 0 0 0 0 0
e 1 0 0 0 0 0
£.b 0.662 0 -4406 0 -4824 6155101
B 1 0 0 0 0 0
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R 0.645 0 -3624 -2646920 0 3628194
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A 0.273 0 0 -782868 -1182 10952819
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FHGALR [ FHIRaf| 20Ea Hradp

Frivit 0.793 0.793 0.568 0.783 0.793
LR 0.878 0.724 0.878 0.878 0.878
A 0.893 0.521 0.893 0.893 0.893
FF 0.761 0.642 0.761 0.679 0.761
E RN 0.369 0.369 0.341 0.369 0.328
® 0.828 0.828 0.789 0.828 0.556
] 0.726 0.726 0.457 0.726 0.726
g8 1 1 1 1 1
R A 0.478 0.43 0.478 0.478 0.383
4k 0.43 0.43 0.419 0.39 0.43
=S 1 1 1 1 0.841
2R R A 0.668 0.426 0.668 0.668 0.668
AT 0.173 0.163 0.173 0.157 0.165
Y S 1 1 1 0.897 1
L 0.384 0.384 0.276 0.384 0.384
L W7 Ak 0.403 0.403 0.403 0.317 0.403
< i 0.356 0.296 0.356 0.356 0.346
¥ 0.179 0.179 0.16 0.179 0.179
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o 2004-2006 +

Mg
bMU TEcon | TEcr# & | TEsce | TEncc# &

54vst 0.907 8 1.000 1
S 0.959 4 1.000 1
1A 0.964 3 1.000 1
T 0.920 7 1.000 1
% 0.504 16 0.685 13
3 0.942 5 1.000 1
7 0.644 11 0.696 12
ik 0.933 6 0.939 9
- 0.695 9 0.751 11
=4k 0.543 15 0.677 14
S 1.000 1 1.000 1
L Rp BT B 0.632 12 0.675 15
i 0.197 20 0.249 19
) Wi 0.990 2 1.000 1
G 0:426 17 0.468 17
LR A 3R 0.670 10 0.777 10
< 0.374 18 0.401 18
B % 0.204 19 0.224 20
i p o 0.560 14 0.632 16
v iG® 0.612 13 1.000 1

T 3o 0.684 0.759

T 0.197 0.224

i 1.000 1.000

T 3ot (+ FE) 0.831 0.865

TioE(H v) |0.563 0.671
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DMU ECos05 ECos-06
Frde 0.928 0.854
S 1 0.878
i 1.002 0.893
el 1 0.761
%L 0.846 0.703
$ 5 0.999 0.828
F% 1.337 1.052
ok 1.249 1
R 0.607 0.788
= 4% 0.781 0.818
X3 1 1
L s 8 g 0.985 1.095
HA 5 0.839 0.908
B 1.029 1
i 0.957 0.879
L RA A% 0.607 0.663
X i 1.303 0.821
% 1.117 0.787
¥k pog 0.929 0.984
v ihg 1.206 1.007

i@ 0.986 0.885

d 4227 chid % v Bw 2004-2005 F HRF 0 F R FH CBA B
MRS T G EH TR EY N 1 AT AeS e gk Ra g
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R LB AR B N EEAEGAE D TCiy =1

3 23 HiFgH £

DMU TCos-05 TC os5-06
i 0.923 1.251
ik 0.923 1.135
g 1.048 1.052
el 1.078 1.097
N 1.009 1.319
% s 0.976 1.246
% 0.918 1.161
34 1.041 1.357
R 0.926 1.27
4B 1.197 1.211
S 1.259 1.229
LR 1 1.033 1.043
AT 1.17 1.205
JE 1.32 1.202
L4 0.918 1.161
Ny 1.339 1.202
< i 0.922 1.281
% 0.989 1.267
P 1.026 1.175
v iss 0.917 1.163

T 1.046 1.201
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F 24 2 A4 il

DMU Mos-os | Mos-os | Mos.os | Mos.os
2% pt 7.

24t 0.856 17 1.069 9
- 0.923 15 0.997 14
L) 1.049 9 0.939 17
= 1.078 8 0.835 19
£ 0.854 18 0.927 18
% 0.975 12 1.032 11
7% 1.227 4 1.221 3
Pk 1.3 2 1.357 1
R A 0.562 20 1 13
T4k 0.936 14 0.991 16
x 7 1.259 3 1.229 2
Rl R A 1.017 10 1.142 7
HEFT 0.982 11 1.095 8
B 1.358 1 1.202 4
1G4 0.879 16 1.02 12
S -3 0.813 19 0.798 20
+ i 1.201 5 1.051 10
% 11105 7 0.997 15
e p R 0.953 13 1.156 6
v igH 1.106 6 1.171 5
TiaE 1.021 1.061
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A6SFAB R 2Z R ERSAH
46.1SFA S dkcm it %%

&%t SFA P RS0 dic 2 g 225 g s+ 4E 78 U, 3% * Cobb-Douglas # Translog
4R S A AR AT 0 AT F & % Coelli(1996)2 FRONTIER(Versiond.1)%
PodcH Ff2 > GFE p 2004~2006 E 2 LB H o L A BT ameFEo A 3 S

~3 @i’\i&ﬁrz B2t % drd 25 1w

Z 25 "EHER AT R ARG E

80T SFAcp -3¢ SFATR #-5¢

GEE | HREL tiE hEkE (FREZ| tE
¥ fc 8.144 1.851 4399%% 4799  |0.494 |-9.710
Xi[=In(if 3 ##9)] |0.5093  |0.111 4.549%% 1.0.8202 [0.592 |-1.384
Xo[=In(i4 i # /)] 0.0253  |0.095 0.265 -0.5813  [0.409 |-1.425
Xa[=In(§ %55 #%)]|-0.0136  |0.130 -0.104  |12.824  [7.095 |1.807
Xa[=In(4 7 £ A)] 0.1502  |0.103 1.453 -1.151  [0.712  |-0.161
(X)) 0212 0214 |-0.988
(X2)? -0.0306 [0.121  |-0.251
(X3)’ 07371 |0.323  |-2.276%**
(Xs)* 0.2074 0493  |-0.420
(X + Xo) -0.0463  |0.308  |-0.150
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Y 0.982 0.750 13.04 0.97 0.149  [6.506
LR & 95.29 72.73
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% 26 2004-2006 & SFA »z% Git%%
EEEi T 2004 # 2005 # 2006 & 2004-2006 &

DMU TEcp | & |TEcp | % |TBcp| &= | TEcp | &% | TBrr | &=
4 0.708 9 0.612 & 0.953 3| 0.810 5| 0.895 4
¥ 0.928 3| 0.976 4/ 0.992 21 0913 3| 0.908 3
A 0.813 71 0.999 1{ 0.907 5 0.937 11 0.926 2
= 0.999 1| 0.978 3| 0.908 4/ 0914 2| 0.937 1
N 0.591 10| 0.486| 13| 0.539| 10| 0.588 9/ 0.487| 15
¥ i 0.965 2| 0.909 6| 0.825 7| 0.900 4| 0.850 7
7*‘% 0.402 16| 0.576| 10| 0.631 9] 0.415| 12| 0.709] 10
B 0.750 8| 0.983 2| 0.995 1| 0.687 71 0.860 6
B 0.901 4| 0.529| 12| 0.426| 14| 0.573] 10| 0.797 8
v 4k 0.485 11| 0.365| 16| 0.448| 13| 0.378| 13| 0.505| 14
X E 0.831 6| 0.975 5| 0.858 6| 0.783 6| 0.892 5
L Mg 8 By 0416 15| 0.583 9/ 0.510] 11} 0.433| 11| 0.587| 12
AT 0.194 19] 0.174| 20| 0.216] 19| 0.213| 19| 0.216| 19
EM™ 0.882 5| 0.839 71 0.758 8 0.594 8 0.739 9
13 0.390 17470.389#.15| 0.345| 16| 0.287| 17| 0.455| 17
i 0.445 13| 0:318}+~ 18} 0.299, 18| 0.308| 16| 0.456| 16
<3 0.251 18 0418|+ 14} 0.327 17| 0.321| 15| 0.394| 18
% % 0.186 20| 0.220f 19| 0.211| 20| 0.184]| 20| 0.201, 20
ﬁﬁi}’\ﬁz 0.442 14105491111 0.461| 12| 0.369| 14| 0.535| 13
v iaH 0.482 12| 0.356| 171 0.379] 15| 0.239| 18| 0.642| 11
TiaE 0.603 0.612 0.599 0.542 0.650

< B 0.999 0.999 0.995 0.937 0.937
B B 0.186 0.174 0.211 0.184 0.201
IiaE(* ) 0.751 0.808 0.756 0.682 0.796
ToE(HEv) 0.482 0.451 0471 0.428 0.530
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s B 2004-2006
DMU TEcck |[# % [TEgec |[## % | TEcp |# % | TEw |# 7%

Frivy 0.907 8 1.000 1 0.81 5 0.895 4
3k 0.959 4 1.000 1 0.913 3 0.908 3
A 0.964 3 1.000 1 0.937 1 0.926 2
! 0.920 7 1.000 1 0.914 2 0.937 1
gL 0.504 16 0.685 13 0.588 9 0.487 15
-4 0.942 5 1.000 1 0.9 4 0.85 7
'?‘ 5 0.644 11 0.696 12 0.415 12 0.709 10
33 0.933 6 0.939 9 0.687 7 0.86

B 0.695 9 0.751 11 0.573 10 0.797

e 0.543 15 0.677 14 0.378 13 0.505 14
S 1.000 1 1.000 1 0.783 6 0.892 5
L Mip B Ay 0.632 12 0.675 15 0.433 11 0.587 12
AT 0.197 20 0.249 19 0.213 19 0.216 19
B 0.990 2 1.000 1 0.594 8 0.739 9
L3 0.426 17 0.468 17 0.287 17 0.455 17
AL 37 A% 0.670 10 0.777 10 0.308 16 0.456 16
* ; 0.374 18 0.401 18 0.321 15 0.394 18
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