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A Study on the Efficiency Analysis

of Chinese Main Container Termianls

Jiang Shanshan

Department of Shipping M anagement

Graduate School of Aorean Maritime University

Abstract

World container volumes have expanded rapidly in recent
decades, and continued to grow. In particular, the soaring of
china’s economy has lead to a sharp increase in the container

cargo handling abilities of ports and terminals in China.

In this paper, by employing the DEA-CCR model and
DEA-BCC model, a comparative efficiency of China's major
container terminals is investigated. The selection of container
terminals to be examined is based on the following way: 21
container terminals are selected among China’s top 10 ports in
terms of container handling throughput in 2005, and 4 more are
chosen from the remaining ports to make the total number being
25.

This paper presents an approach to the measurement of
efficiency. Data Envelopment Analysis(tDEA) has particular
applicability in the service sector. Applying mathematical
programming techniques, DEA enables relative efficiency ratings

to be derived within a set of analysed units. Thus it does not
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require the development of 'standard’ against which efficiency is
measured. although such standards can be incorporated in the
DEA analysis. The efficiency of units is compared with an
"efficiency envelope’ that contains the most efficient units in the
group. The DEA efficient ratings can be a useful tool for port
managers and for researchers, providing a deeper insight into

port performance.

The research on the efficiency of terminals in this paper will
not only show us the comparative efficiency of container
terminals, but also provide an opportunity to compare terminal
efficiency among the different types of container terminal
management.  Therefore, this paper is of some value for the
future development and management of ports and terminals, and
also help the container terminal operating companies to develop

their terminal management policies.
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7144} AgEmdo] 91438 vl
7te%, LA, LFWE, A%, 22dAdg s, FHH,
Maersk HE 9] T, Bremerhaven, Felixstowe, =ZH =29, i1,
EuroMax T, Mundra, Pipavav, £ 713}v},ti &, Algesiras
APL LA%, LZFWHE, ANE, 7l F, &3 3}n}, aiu|
Sealand 7t <%, EHI 2%, B} = v}, Elizabeth, &
B B E A, g, FAAE, SRX], LEHE, ARE,
Hanjin _
T3, QAL 7w, AESZ
K-Line NEY=Z, 71245, B4
Yangming Line |43 9], LA}, €3 v}, 712 %, Keelung
NYK Line 7t <4, LASH U, T, 11H|
7} %, LAY, Auckland, = 73,2 A7}, 2 F 9 =, Taranto,
Evergreen
R
China Shipping |33, Hi&, 7} 2%, $HA, Liangyungang, L W=
%1l %], Deltaport, Vanterm, Howland Hook, 7} 2%,
OOCL
New Jersey
MOL 7}e %, LAY, 23
CMA CGM Le Havre,
%, Yingkou, Shenkou, %, “3}°], Yantian, Yongjia, ¥
COSCO ’
H %], Guangzhou, 11 H], th&, 314
MSC HE 9]
Hyndai THIA, 7w, FAH4AE, B At
Abg: 72 A7) AR o] AL
3. 22 ZHlY gHuld &9 =9
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Hutchison Port Holdings, PSA, P&O Ports 502 R EH+= AE Aoy
T =G dAd o HAAA Huld AFgo] g538 GAkEI T
ZAgolyFF 99 F2HIE FEIE AA 79 9A= 359

Hutchison Whampoa 1% ¢ AF3]AFQl Hutchison Port Holdings(HPH), % 7}
23uk 23 eda e PSA Corp., 1vt= A.P. Moller 7152 Fwtdw 3] ALo]
Al Maersk Sealand®] #}vll3]AF91 APM Terminals, %= P&O L& 2| dvtd
@ 3| Ato]H Al P&O Nedlloyd Container Lined 1A€A P&O Ports, =

0]
=

ol
o=

1591 Eurogate, "= A]ofjEo] EALE & Stevedoring Services of
America(SSA), "= *FEF7]AAE CSX FrAGIA CSX World
Terminals 5 7 71 Qo tH(<E 2-4>%F=%).

<E 274> F9 Z=z9 gHud L9945

o
=y
(i
Ao
of

>~
=
|

)

Hong Kong-based subsidiary of Hutchison
Whampoa Ltd

State-controlled operator of the port of

Hutchison Port Holdings

PSA Cor
P Singapore

Ports arm of Denmark’s A. P. Moller group
APM Terminals

and a sister company of Maersk Sealand
Ports arm of the United Kingdom’s P&O

P&O Ports group and a group affiliated of P&O

Nedlloyd Container Line

Eurogate German port group

Stevedoring Services of

. Seattle-based company
America

Ports arm of the CSX  transport
CSX World Terminals

conglomerate

ZF &1 Paul (2000) .

Ho

olg Tl TFHAEZ 2000l AA HElely FiEFF 29 3HRTEU
o] 37%°l ot 8400WHTEUE A sttt HPHY 4% & A2 o= 2970
(ofAlob-F& 17704) A HelA Arb/Euds dzold, A AA HH Y

_11_



e F Y] 11%0l @3t 25309 TEUE AElsta v A7FEE 9 PSAE
1A (e} A o}-FF A 771) A Hell A 1980 TEUS A&l ste] 86%<9 HF&<S
71 &3ttt olutell APM Terminals®= 287 (¢} Al of-F5 971) A Al Al 1,300
WTEUE A g8t 57%5 AFAstar vh(<x 2-53%>).

oot

<3} 2-5> AlA AHEH Y Huld SFHAY A9E +9d%
EREE e
A"l | 3w/ Mexico/
F:j‘;]%j & ?ﬂ%}% ELUOF US./ | Central South | Asia&
Eachl (% v ¢ | Canad | America America| Mideast Europe| Africa |Oceania
TEUs) B a /Caribb merica |Mideas
ean
Hutchiso |5 5 29 | No 6 1 17 4 1 No
(Hongkong)
. PSA 19.8 11 No No No 7 4 No No
(Singapore)
APM
Terminals 13 28 11 No 2 9 5 1 No
(Denmark)
P&O Ports
(UK) 8.3 27 6 No 1 11 4 1 1
Eurogate | 9 No |9 No No | No 9 | No | No
(Germany)
Stevedoring
Services of | 14 9 3 2 No | No | No | No
America
(Us.)
X World
Terminals 3.5 9 No 1 1 5 1 No 1
(Us.)
Total of 7
major 84 127 26 10 7 49 27 3 5
groups
World TEU
port 230
volume

A+ &: American Shipper, February(2002) , p.68.
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P&O ¥ =, ix3 5 49 50 *FFA] AFAFES 2002 35.4%0l A
20049 413% =2 w5 WA, &= DPE =S 22 AE YA Ay S v ow
AA B d A el Az Atz FAdsta e AR AAFYS &g 2 o

S nz Aog HOAUTHKE 2-6>3F).

2
N
)
to

O

<¥ 2-6> AlA 55U =29 HudLddAe A3
]x]—zi_lQrE
Huld 94} Huold & ) 2] A A (7F TEU)
(100%)
P & O
30 21.9 6.1
Ports
DP World CSX WT 10 3.3 0.9
DPI 5 8.1 2.3
A 45 33.3 9.3
3] %] <& Ports 30 478 13.3
PSA 13 33.1 9.2
APM Elulyg 33 31.9 8.9
Eurogate 10 11.5 3.2
T HuE g, AgAY, AFEFES 20049 V1Y

Fo Ade d¥wd, A3 DP World7h 1509 A%< zta
Huld g9 92 P&O Ports UF7F A9 AArdAe] o211 9l

o)
. ®% DP Worldh %o} A9 guds A A5go] wet Aol 23
% # A< Ports, APM v 5 A o] A% Buld #n Fgo] A4
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w

SHA AE Aoz oAz 9th® China Shipping Container Line< &%
W oEek 809 dYE FAete] ‘teolyt AW Hwmld'o] Histal e 3570 H
nd @ 30001 e EF AIAE gt AL It Aolu 43S
A3 AFol Aol up 4 & vk )k 3] AM(China Shipping Port Development Co.
Ltd)7F AR 197 deloly F5o Bk 40% Al&ds 5ol wet vAke
Adely HudY 35 LG AR TAFsAT. Aol #4382 20029 o] F 671

of Qg AMu et 4709 ofrlo} ) AMuAE FARF o R o]He uh gl
oh mgk givte] ok w dE e 'K-Line', '@ T FAFAES T
ol

EQzge] Aeoly Hrd JAC A=W

To e 19859 ol FHAIGS o=m7]del MRSt 2Este] dA T
9] Hutchison Whampoa L%, A7FE=29 PSA Corps., 59 P&O Ports, 7
o] CSXWT, 3o MTLA}, "lel=°] Maersk-SealandAl 5 °] <= 3wto
FAFekaL gl 10,

1) MTLA}
MTLAHE @4 Hadel AZsa gk 2oy ¥ As gz F4% 3
A gn £GAG R ARFl FHz AFHT Yk Z 199840 P&O

PortsAbe} Z <A EHW A (Joint Venture)® Shekou Container Terminal(1% 7))
TRAdE $a T FHor AEeuv
MTLAF= 2 % 19994 1290 China Merchants InternationalAl¢} Q1 E
A2 A3 Chiwan A9 $ %3 Shenzhen Kaifeng TerminalAle] X &
%E T

8) KMI, 72006 KMI A A &l = , 2005, p.15.
9 American Shipper(2006 3)
100 KMI(2003), "<=r9] &qk 2 o] X o et A F2 F-X 424 AJAFH | p.23.
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MTLAFE T3 200213 9] Shekou Container Terminal(2€kA])e] A& 20%
1,8009tE & FAx35 v, 2003 @714 100WFTEUS] A& &

=
=
=5
|

stR etz 29
A 172me] 271 A A (700m) 28has 714 s o).

S Zt= A
<E 2-T>MTLAY] =3yt &3 3
Az (A& vt Al o vy

Shekou Container
Terminal(1THA])
Shengzhen Kaifeng

1998 | EHIHE P&O Ports®} &5 A oF

China Merchants InternationalA} ¢}

1999 | Ik
* TEo0=z 20% AE F+4

Terminal
A AFE - %A - ol FRQ003), [Fwol Fur % FurrAd et
=l FAFAA A AALAE | KM, p.39.
2) P&O Ports

P&O PortsAt= @A Ak dlzxsk 2 A
+ska 9l

<% 2-8> P&O Ports? =37 =g 3

BN & 3 3 o} u
. SEATA e o | AR (A2
P&O Portse] A& 0], 5 4,48 %)
AR T2 (55%) >\ 7,
o Tianjin Xingang ) -
1991 | Gearbulk Shipping % . GosE HAEFF
Sinor Terminal
P&O(45%)
China Merchant
23.4ha, 650m,
Holdings(32.5%)
Shekou Container -14m, 80%TEU,
1998 COSCO(17.5%) Swire
Terminal 924 7}&, 944d
Pacific(25%) _ N
P&O, SwireAl #7}
P&O Ports(25%)
S R ingdao Qianwan
2000 e Qingdao Q 100%TEU
49% Container Terminal
g HAEE - A5A - o] T2 (2003), TFaro]l w9 duku o] ot
=l FAFAA A AALAE, KMI, p.38.
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3) Hutchison Whampoa &
Hutchison Whampoa L35 < 4382l HPH(Hutchison Ports Holdings)AtS %
af 1992 o] % FT=gkntel] xEsta vk Fsto], Weto], Ael, dEal, AbE

T, 40, A, JR 5 8 gere] FAGAelY 4] PEE $95%n Yrh
<

o

F 2-9> HPHALY] T3 IEdS

L= X Z

sEsran A AR (A
A= HPHAL ] w93 B Hudd

2ol 4,2 59)
Fo A& Y
o Zhuhai International Container

Ek{{%ﬁ%% . 15ha/ 700m/ 'Sm/

1992 Terminals(JTuzhou) (1993
50% 35%FTEU

D7)

Nanhai International Container | 20ha, 420m, -6m,

1992 FA i 5 )

Terminals 459 TEU
1993 L R Shanghai Container 83ha, 2,281m,
40% Terminals(SCT) -9~13m
1993 Y HE 3 = Yantian International Container 118ha, 2,350m,
50% Terminals(YICT) -14~15m,3009+TEU
1994 11 58 W5 75 e Shantou International Container 43ha, 460m,
70% Terminals(1997> %4 71 Al) -10.5m, 50%9}TEU
1994 PRI R Zhuhai International Container 21ha, 410m,
50 % Terminals(Gaolan) 30%FTEU
. e Jiangmen International Container 13ha, 623m,
1995 TP %5 J . o
Terminals <3 7] A| -3~5m, 15%TEU
1996 E M5 R Xiamen International Container | 40ha, 640m, -13m,
49% Terminal(1997'd & <3 7} A1) 60 TEU
1998 | 33% A& +Y River Trade Terminals
. Ningbo Beilun International
2001 WS S R 76ha, 900m, -14m
Container Terminal
g A - AS5A - o] FZH(2003), TFaro]l sk W gwku) S x|of o gt

=
o= FAFAA A AIAA,, KMI, p.37.
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4) Maersk-Sealand

Maersk-Sealand(20%)AF 2} P&O Nedlloyd(29%)At= F=9 At o
(31%) 2 COSCOZLE(20%)3 20030 FF o2 FAste] Frhe o] Aoy
e Ads7lz2 sl gt 2ol 3400m, w4 225
TEU A=)&EA, 107 o] A& 143

=
3,
-
4
>
Q1
(]
=

5) PSA CorpsAt
PSA CorporationAl+= 19964 o|& S=o=z A

ol
=
fd
s

= =t 1996 ol = ot
Ak, 2000 ol = F A GEMEE), 2001 d = FA ol 47 JdE=cke] 9

A 10449 S 9sta

|

ofr

<3 2-10> PSA CorporationAt o] F==3awt %33}

erA==Rp Y e
ag | TEARA 2os 2 Huuy SEEE
PSA S| A&
1996 R T Dalian Container Terminal 1,500m, -12~14m,
35% (&Y dEHlY HAF) 150+ TEU
1999 N B Dalian Dagang Container
20% Terminal(A et ZEl oY #HH)
Fuzhou Qingzhou Container
Tkt P 75 Jeg Terminal(FQCT)
1998 . 30%TEU
42% Fuzhou Aofeng Container
Terminal(FACT)
Quangzhou Container Terminal
270 %
FMERR | -O: H | Xi e C 644, 115m
[ s 15 -@: Huangpu Xingang Container
2001 7 gpt AIgans D60TFTEU(3 A A1)
49% Terminal
) i @55RFTEU((3A A)
-@: Huangpu Xin¥ Container
Terminal
Ams AFE -S4 - o] FH(2003), TF=o]l Rk Bl gRkwj Ao o g

=
o] =9l FAF A A} AALA,, KMI, p.38.
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6) CSXWTA}

2-11>9 e}
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CSX World TerminalA}
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(2003),
o AIARR S, KM, p.39.

[¢)

=il
=

- 0]

42

b2

A

=
-

|

o

o=

No

—

e
8

ze]

o
;On_

O

o

m
ﬂu.o

ﬂl
To

e
ﬂu.o

jJf]

1

;00

o] 7]

=
=

A

7P LA = A

W s

~
;00

TR

(Hub-Spoke) A Al 2 # 8+l u}z}

o

= 3

o

73 A A el A

el
T

AAE Furel )

now A 7 9

1

Al
™

A AN F

IR

7}

Aol Wz 1 ol § wE ol

_18_



,WOH \HA_!
g R Y
Iy A < sl =T
-~ 5 o o P o = o
0 . EO X El
=0 = To _.al _:Tl i
N oy o o iy OE 1r
A = - T Mg s B E
o = P 2 = - il oo o
= —_ R £ o ELU TN T
ey mﬂﬂaﬁEuo R ® R h TR L e
= _TW 1v_A|L NEECE = ~ on .Iyl X ~ —_ =0 ~ »AL
= — G — mt ) 10° OTL — = UL N X To l
o o0 a3 o TS W i - - =
~ X! X 2 = = — o e B 70 I B il
0 A o o ) o o 0 = 5 = — " o
Iy Gl _ U o B 76° Iz = 5 o = - B
| - B WL = g T % e < Plo o) © N T o X B o
il ﬂ%%ﬂo%m%&z% zﬂowyﬂoﬂpa g_}ﬂ_ﬂ
= W o =0 X — il 1o° o) oy
A8 . 0 _
I~ oy W Lo T & ) mﬁ oF m_f_ o o P M Wome i Ne nip BOR
" Wl = . M] o} oy o % M Mﬂ mR Al =) J)) . wm 7 oﬂ do ) . © o
o cﬂ o ml S = o T B o =) N M DN - ol 5 9 W
e e ng%%ﬂ %ﬂshyuohﬂ R ~ =
= ,W HL N OM "o R Wm E_ —_ o0 o© E.E e oR —_ o) =
oy o o " T W < = = HOE g " ) X =® c) =
oy C T - - o ) B ~X ) —_ < . T % —
~ o] NrE ﬂ: OE 8° ,UI Af M_l . T’T 8° i _ lo_l nmuo ﬂ — M <" ° mn K- < ﬂrL
< ™ ) o o A 5 ok A 63 xRN o = —
B ] B - x| X g o’ To = = o &
5 o] ®° g =0 X o R s %0 L T — = 2
Yy = jo o ) o) X ﬂrﬁ il = E —_ B = o o = ~ T
W ol — = ro) ) O R ol b= _— re Bl ey =) ~ R
= B X o ~d o I 4 o X e° o) ay —_
T ez R LA F oS~ CIPT
1l = ,_ T \m.ﬂ ™ r gy _zT = 53 0 T vl b3 o\
" N WO K =3 A o .ﬁo%lL
w4 N o RO oS ay w oy — o
- FEN | = ~ o| - K T s = o N
o E T B o ° e A e w T o %
X 3 3o ! o o o o % _ B AN o 5 = W = W N
— oF s w4 3 Pn S o oo K —
o & B o N P X = 8 oF = ) ToF 2 % R
R %%ﬂwﬂ? ﬂwﬂj@mz f7" W%Ee 2, B =
o =5 e E o p ) T oL Ay — X ) o °
o OE ‘W-L ° ﬂrL O#E e © i o Bo o ﬂﬂ N o= o)~ o zi \L,oy! = O/
i R P oy qmooh N 5 m o T 60 < 0
ﬂ_,MO o N =3 ‘Iﬂ s ,_|xw0 =0 o ;OO OT — ﬂ_1m —_ OM = (9}
%o @ﬁoﬂam% moﬂzmrﬂ_ ﬂﬂﬁﬂmown%amﬂ1u|2
% 1@9Hﬂm¢w T oW w Eﬂoﬂoamoﬂ%@zﬂﬂm,m
o Mﬂoﬂﬂpou%ﬁﬂ1@o%ﬂ %Q&g i ne G
o o o &L R = ° — - N =y ~ No - oy g
~ oo o N el~a N R & N E m e Hoop B T T o M =
1 ~ = o R o T = = ™ X° oF T X = bo . X
R Y T o ) = T W OT . " T
ﬂ Mﬂia%ﬂﬁmmmﬂ H@?Wﬂw %@%%@5
—_ T —_— — i v
N o B N = o P MR < Moo v T
OT_ iy al R o ly| © = T R . = D
NG oy @ ERCR Foe O o 3
oy ) oF T T 0 - T o= =
f — z: — ~X 50 I ‘UF 00 ME Ny
S RGN % 5
- o <HORRRO = ™o R T °
> o e T S <
o /M T H B i
;I/yl ,.lmo \El Og ZT
Mo T
o

- 19 -

2010
d o= 6%
= 6



~o

ar

—_
o

—

R
o)

-
.

T
Bk

B
s

X

T
Y
o)

,_umo

—_—
o

il
mm

=
,_umo
THo
_10

)

i+

aig

sl

ol
il
T

o

Mo

R

B!

—_
o

ArEm o] 7Y

1}

—_
o

—_—

S
o

%

o

=% 7k

=1
=

%5

A g

5w

o)

<

oy
\ﬁo
iy
;oT

4715 A

9]

A

e

AL
o0

ﬂo

’

o] 2007d7k# 3009+ TEUE Stk

B
!
)

o
st

o

—r

~H
oy
;OO
~d

—_
o

o

o)
,_umo

il

JJ
-

vzel

o

°
=

Sl

do

o

o
A
N

o)

,_umo

AL
o0
o

=
)

o7

=
o

|
e
W

o
o

O

2o

Nlo

o

o A4

I

=
=

nhae] vl szetelol

gl

R

[e]
|

d

o Hol Aol AA 19

,_umo
=

-

<

R

B
of

_ﬂo

A AN A 7H w2 A

—

73

A el

i

T

j—

)

"
o
Br

M

—

—

0

o7 Z7}sln

T
r

FHol A9 HFEFFo|

g Aot

np
E3

£

)
0

1) ==

_20_



0 CRlCU e IS o ™ T BX o o X T O e
iy g ¥ S w B I o £
o TR 00
R R R SO S e A L S 2
X < M < P L8 = o oo M m
:in ™ E 28 _ R = — = 8 S < ol
AT ™~ ‘Ul o = 0 N N S ©
alg 8L B e S oy N X N ol
S 4, o O g _ — =
ofF T X S5 - _ N = ) =
N ~ .o ™M = K L X —
_ Ay N = L o o %0
A E‘.ﬁ - ° flA.! HE il m X a < :.L = o
_ = E oW s = A o o ~ Mo N %
T o o O & = RN ~ 9 ) T
faxs o° © i e — —_— - = \H_Tﬂ o 1rU e T
O#! 5.0 jo ~ C W [ o o) — = jo O.._ Ot put
3 N T ) s B ooy wm DR o %o
— — o ) — !
= = X of- o .m © 6 R 5 " le iy W
—_— ox —_—
s LA - B 5 Poa ol oy T T
o o oy | = b o lo 7o T o A ) o
w0 — = 8 o 3 o= % @ N (R - 2y g o
N B oo, § o T Nlo ™ i o MW= °
. I - T = o i
Hq o R 3 e M% o B~ B — o]
of B F gk By wERTEL CE sl 2 7o
‘_ML el e N O N 0 7 _Mrﬂ il E Al 5 T Ho <"
CHyr oy 2% o W (e — e
o o = HA_I oW — M o° oS Nd ol % T o o . -~
o ™ zn R " o cy i ~ o™= M X T, oy
\L,ov.! x ) X ! Jﬂ = o s o T H_._u
) I~ b (= o B oV ~ "o
AT o — ~ J)NO yﬁ U Ot — O o EO
i O#E w 0 Ly H ~o :i m L m :.L ,ﬂou.._ ,_|xwo n_i jEn S K
—_ IS - A MI Og o X S O_ HL ‘__mg. H;l N = o#a
o X T ow Om X mo oo P o o o] ) . o
oo om, W o T o TR 2 - T o T T o
w0 T ® T R g e w :
o o Lo o ow N X N No o A N = e
oE So ol m «X° ) X o 1%1 T X T o N ~ lyl
10 ~ _ o o o}/
T o N A T oo T N j wﬁﬂ T o Lﬁo e i)
A 7 I R A~ 4
o B = =T o g & No = o i ) <
G N~ e B W T ow o T
T R RN i w % T " O T ™ oy N

wrh H44

5}

°.

F3 ol

_21_

AdF 7|Zzoz AA 399

A o]y

J o]

[¢]

J

=]
A



=K

s
OO

o

&

T
Jo
wal

—_

e]

i
-
B

N

N

vzel
e}

o)

;OO
<

-

oR
B

—_
o

e
N
ol
Ho
o

A & o]

&= 201174 21

H7F 295

v} )

3}

=

5}

OO]:

2011 @ 7kA 7\
[¢]

i

[e]
il

XA L
1=

_]

8,000TEU#

o

fu

16m<] 3071

A A,
=

A
o] A o] t}.

al 5}
= =

A% 3k RMGC

Fol AT Adely Hrld

=i
S F7E )

14

o] ¢/C

A

I At}
oJ
=
i

7

B!

o#a
,_umo

ol

Mo

3) &

el

13} of

7@}

\e}

yAO

}

ozZM

TR

B v 9

A 2§

Ke3
AT

= o o)
R

743 =

el
o] gJFE 4% 12,000TEUR ZH o4

o

xr
T
e

]
bl
-

ﬁ
\_.‘mo

)

ol

|

—_

ko)

o

o
XA

B

b

oy

T
w
)

o

o

2 AAsAE et

J

1 A4

p
R

9A dadel=

i

0]
hal

Bt 3

vl
=

ml
B

—

»AO

(4)

A

1

0]
pal

=72 <l

_22_

a4 2011 74 A

5')4
o] kmol o], 229 Aglst ek Aeldel AAHH, 20110l 2

=

45d dAoln



il

(5) ¢

ferare] wel o

9

A 97 A3

]
)

ko) =)

[e] = =
e F8 %

]

=

o

o

i

K
7ol
1o
v

T
OO

o

e

w
B8

o

i

o

=]
T

=

A 1A 2,160m 2

o 7 o] o,

=
=

]

=
Ry

=131 3
&

=
o

olth. 2006 7FA] 2%k Al 9] L}

7F=2 )

ol

=
b=

o

=

=

= A7k 2008 TEU

gy B

=~

)

A
=

*
Z=

hnd
=
&

o
=

<

A7 2508k TEU
A

Rom. 20108 7
L EEE 20200 7EA] 1470

< 20081 7F#]
EEN FEECIEEL:

3L
i

<o

Al 47

7}
671 A3 29bA 720me] 270

1 =4 Aeoeld 7] A s Ak el 55 &<k 50009 iR 2| (eF 1509 2ef)

.

(6) o
3 A
(7) 2 o] A] o}

zal

[¢]

o

,_umo

B!

fie)

X
el

e

K
v

_ﬂo

—

Nfo
o
o

]
—_

o]
il

ul
_ﬂo

N

ox

™

o
W
A

o

~
70

T
T
)
o
up

Nl

_23_



9% ) 19600 o el Al1A o)

o

o

R

o A2 o

o A% 35ke} of 9ot

°]

1960 o

)

s}
=]

23|

st A ast 717

S

A2 5 o)
)

g]

A 34

-

, 183 ARV A EREE Y 7}

iRz

RELA

=

A5
A8 o] 1 3}

3= 9

o
A

]_

G

4 BAE,

™

o

el
oV

o

I~
_iﬁ

il
o

8,000TEUw o©]7¢] duban]2et Ak 220

-

R

bt g

°©

g]

1]
=

171 v

FAF

o

B
‘_AT
K
el
Hlo

]

CEJE

ZEF

b7 skl =gl

£ A3

j=4
pY

I TEU

d C/C, RTG, °F

gl = 68
HITT

AR
<

¥ 3]

?l,

arjg

4

R

-

L

4 SSICTAL

o

_(')4

A=
HAA A2 Al =8l V300 VTS(Vessel Traffic Services)

o
8,000TEUw

2}

fu

g

Au) 15, oFcsteAu 45thsh ol
ue) F
47,

A
hus

_‘|
Zeoly Hud

1)
AT,

2ts 3t RMGC

2 vk
2124 o)
SR

=i
=

_g] Ei}\]/do

1]
=

FE] 1)
3} A A = oA

TrafficAl 2 5 ¥

EAX
2249 C/C

[e]
[¢]

+

!
o

ij]

ZAeoly 2782 FAlel

75 209 £
Alglo]l AR AZER 65709 ZE oYy

2% Qe

o

TC

s

+ qlek

=

=

=

E

i

%O
B

~
o

™

o

Ulo

o] =E=

j—

o=

)

_24_

M) 27k 7

42 9]

s THEFeEA



- 25 -



AYAT 1B

i

K]
L 54

of 2

A1
~

=]
RN

_]

%3

o
=

T P = i m X Ao m B o = ) m z W oz
= % T w7 B w\r ATy 5 SR S o
B mlL —_ —_ mX . w o ,UI OH._ < Mﬂ 11
oo B o) & m B W o W E B ol °
* BT < 0
O (= = = B R R !
Mo 22T 7 o T e N =R
o = oy — AF 2o W T o C o
N H g e IR I T B
A I R = © 3 o 5 o5 o
K X =
T E T _mo S J;ML oo X A — o F A& G oo wr
WO ) o © TR o o o A 3 F
KA o) R — T e W P X I
X ~ H B s NN o] HoN O M
—_ WF Nro £ o op ey T T X o
TN Ky oy .o o} o N P o) of N W w ~o
T S o Dy~ - I~
I °c 8RN F g & g 3 )
oo 2 b w S xo E\ '\ S o
X oy QX B o= e W o= g E ol
of =) =0 ‘I,ﬂ TN 1 TN N MW S X
R I R o XTogo
= o E pr3 iy 4 & 1o Bl @ O oy X
In oW P g W P NN 2 AR s A . o
~ o AR ™ o r
e oy U w g SR Y. S i B o om B = §
N ° T ™ om S 5 905
® oo B R A SFE = w PMIRNAlE = 5 o 9
-~ 3 —_ 5 ¥ ] 3
<o, — o T o
o B o T 5 w2 e Eo iy . Mﬂ T o x o = W M
J. iV % (o)) .
o e - oo T T R T AR
dlo Y XT Ko 0@ = 4 »
o 0 oy No o - S =~ E oo Z gy B £ T M
o o PR o o] S mh H¥E o] = ~ 38 . 9
= G s
jof o S N oy = T
ol O - - - YO & I T E X .3
i B omy oo K B g EMP TS 5w
BN o= R oo, o B 22 oo o I F 8 2 o
e g e e ¥ gE 22
O
< = o S g2 = iy A S ARGING
2 R EE LI sEEiw SRy, BB
- ™ 7 8° ‘o S © g do g Z =2 = o
I S e o H - 5% Kox
_ DA - op N E 3 o L B v U
Y n o) D LIS = 5 8 5 T a2 32 7T
— W W = = O B O R = - H g E o
5 owm oo o M T T CENCCIRC TE g g

o,

-

L

H o]

=

=

el Aol

T v 2y 1E2

e e 283014 mholu s @A

o

8=

=

=

_2_7]_
- 26 -

[¢]

1

0]
pal

)

HEE 25 wet

dol wm

ey

24

Tongzon(2001)-> DEA

ol 4 L& 13

o] VpERRET.



A=
P
T
I
of

o

il

B

—_
o

<0

]

1670 = o
EEIN)

o

k!

B

—_
o

el

1671

-
L

o
LS

177 3}

¢} ol o},

ot

] o] F

*

o

~
;OO

—_

e]

"
o
;OL

;OT

AL
o

B!

K

Gl

A oY

>a
DEA-CCR

-

R

z|

=

o:

& ol A

H] 22 A 5 Sl o

o
=

3

o
=

Valentine&Gray(2002)+= 93 oA o} A

o

i

o

o
"

Br

sh& A 2

=

[}

s}

A o] 4 o]

2~
T

12 A
kol

A

gl o] U]

L 2472 o

0

R

el

3

&

723

&

.

(@
A

],

o
vze)
%

)A
i

)

gl
o]
o]

S

o]

2~

FAkoh 2
R

S0 o

=1
P

=

A BF2 A 2] =

wol 717

ofl

Hel A o

z]

%

E A8 =,

=)

-}

] =, A5k

A

w3 Ao 5 7] ol

A

=
1

5}

1

£2s

7 4 o]
2=

i

0]
pal

-
X

-

L

Barros(2003) &
Al 3
&, A=A, dHoly

Ao A

el

)

o

~
;00

)

}

k9
“

o

TAA

W)

5}

1

R

Aol A

R

e}

1A e ol

&

Ao g d

ki3

(e}
a

NI

N

N

B

—
o

X
el

0
=0

M

&H

|

i
o

A
el

W oEe

5}

Park& De(2004)+=

)
o
Wy
o

el
o
;OL

—_—

0

N
i
_&O

N

Tl M=

A

O
L

Productivity(Stagel)—
Efficiency(Stage4)©] t}.
Hob sEA At

2.

Profitability (Stage2)—Marketability (Stage3)—Overall
gat 117) o]

o,

AP e B T

|

o
Ny
<

™
B
—
o
el
T
iy

o]

o
;OL

o

o

33 A¢A BCC &

e

4G4 CCR &

—~
o
T

iy
-

_27_



2
|

29 Fgrs =Egor FuUdvt 3849 RTS A& Profitability,
Productivity, Overall Efficiency, MarketabilityS YEFW T, 28} L A7)
o o]y & o] &3 o] o] AF9 dAHo g v ).

SAE(2004)  FARS =g 5378 F}, 537 HudE Fo=E

shol HH ol gHujdel tigh A 470
7} sloJ 3l A1%A Q] Containerization International Year Book(CI 917 : 199
kel 5370 A ARE FHIFIAT FUL
AlA T FF 84 AAAo], FF WA, G/CHH S of= An], CFSH A

z} AFLAE 7IE AT FEHLE ARG H O
2 F AYEFTHTEU)S AAGsAh 72F FnkeA Folst T/ AvlE Al

Sotan goenz oy FFY G/CHBH(Container Gantries, Quay Cranes,

[
e
o
o

»
l
)
S
S
@
o
fru
4z
An)
|
N
offt

Floating Cranes, Mobile Cranes)®} °¢F= #H](Straddle Carriers, Fork lifts,
Reach stackers, Top lifter)E & @ste] AF&stutt. A2 235 Q%sd

et 2ok 3A, A Fe B3] 3848 249 23, DEA-CCRREE &

=
H2ax 53, A2, 7t @ 59 670 I 7d 74 &4 A7)
12 J7hdo=2X, v+ 282 el sle= sofH 2ty DEA-BCCR Y 9]
AF T, ANEEY, e de 2T IUF @] 7d TF A& A
Frrtoz E4 AT =4, 5370 #Fwhe] W Malmquist A 57= 1999/2000
= A RE Ve 1Y 52 g2 UedeEA, 84 T 2
A Aoz ZAHAG. AA, B Veer A5 2HZHE FEeY,
FAEE DEA-CCREY a&4 4 2439 DEA-BCCREY aed w443
B owdet 954, 96, 97d & A v A dmel e na&Ael @
How Yo, 97d olH R EE&A Age AHHOLE Tt U=
Ao 2 LERREH

o] 4 & (2005)2 T FaF] F&A Hrtol ¥ HFATE AAEAG
qAE T = AA 2099 == SR TIE ARt E Y e s



Njo

BR
—_
o

N

el
o
;OL

o)
=u
n

T

2003 20041d 2 7F 2]

SEREEE

o] v

A

ol

o)

b

)

o2 AElE EA

—_
o

o)

I

%

B!

o

el
XO
To
)
=

ol

)

%

l
ey
<0
prse

jze]

o
;Qh#

<0
W

B

)

—_
o

El

oy

jze]

o
i

T

=] Adoly A& Ew

A - ol A

REY

o
T

(2005)

M
o
e

°]

=

=

DEA-BCC

HH o g

I'

A
=

L

AA 7 EATTE AL 7}

A

2002 -2004

-
L

bt e
o &

°

Al

To°

B!
—_—
o

fvsel

F o TR

Al

Aol =

—_
o

)
4
o
oo

-

ox
—_
o

vzel

i

el

jze]

o
i}

\g

Aoy WAHBESFS

oy

)

—_
o

2
.

SR N

o
.gon_

B

—_
o

X
il

o] 83}

=
=

]l o] ¢l DEA-Solver-LV

=

1

0]
pil

=]

=

o] 1.000] ¢t}

0.6567 0.614=

)

Zl

o] 2

=

1A oF 2%k A

5}

oF

-
o

]

1l

vzl

X
A
H
)
W
|

o

il
™

K

o

=
A

oy
w

Gl

=l
T

—_
o

l
oy
o
;OL

ja
7o

o
Imt

T
)
il

_29_



g A A

E (two ports) 72 A

o9 % =

o}

oF

-
V,O

;00
<
<

iy

)
iy

vzl

o

™
el

T

BR

o
2

oy
<
g

ol

;OL

=
T

o
N

w
=
vzel
T
—_

74 (2006)2 F =79

o] o
==

CRSE 23 VRSE
=2 7Ed TN

a %
ot

ol

i+
g
N

<

i+

=13
&

o]
AN

—_—
file)

\=]
WA

N
=

3

i&

2ol

5}

=

Phei 4ol
o] A& I 419200009 AR zAFA L)

3

}oq bz

]

A4

o
Jo

]_

bol 3ol A Amigol 7

]

HpE O 2

=
=

beaet.

Gl

o] MstE HAEHA
Hgstz daEuAs 90dx

¥4

5}

% o)
CEACE

"

ﬂl
w
<
T

jze]

ojp
.gon_

B

o

oo

=7

al

A

o

il

%A

w
or
xr
ojp
od

wr
-

o
=

)

i

_30_



<3 3-1> DEAE °| &3 3Iv9 a&4 &4 Jhd+
2 A&
3= kY2
A7} SRR T T B7H
Martinez-Budria et al =g CEFETY
i "| DEA 71 ol e oo |Z=EQ 2670 EWIE
(1999) 7]]4 H]% DEHO]] U’}"E T =
RRE
Ayl F
- Agolyxa
J. Tongzon DEA o & ](TLJ)%E] ° 9_ E{q o} = AA
(2001) ik A% AAE 2 167 )
o 7] A1ZF E
A9 5
o o
Valentine & DEA Aoy s gel | Ag oy ME zzi;?}i:ﬁ;}
Gray(2002) (CCR) A% 20l FaEAgESs | T L(1z) v
REEES
stE A 8 %
Mg E
DEA «3EL8 NFAFE
Barros(2003) (CRS), DEA| b\ | i ; . A o) 8} = A 2] % T257Z F95)
(VRS) P A= olu X F
Absl & A 2] 7
WA 8l &5 A 2 F
%52l
stE A 2 %
DEA ]
LEE R 718 A3 5 _
Park & De(2004) (BCCCCR e St q) g e(11)
) 2AVERF
27 o]
%A 9 (2004) DEA = u:]zq‘— / Z/Cﬂu] % g A A
S ] 5l S < C] = .
of=AwH  CFSHA TAREE)
M5 - 430 ]
. Aol & % y
o193 8(2005) DEA | - 54 - &wA W&;Ja° % 2239
C/Cu4
DEA A F AAo] Ae ol U ] % FAabaka) gekd)
% (2005) (BCC, ERRREES v (TEU) ° Aol Eud
CCR ) @%:Es 77¥)
DEA L RSN O A B .
ZAH| o] 2k
214(2006) (CRS), DEA EEE A ]TEEM ¢ e I
(VRS) AXAol (TED)
AED FE(2005), “AHOY AEHn Y a&Ava: DEA H, @l

U

_l

ag A475, p24e] <& AA .

_31_




A A

°
gl

A2d AP AT

o) A} 2 A ¢+ $] (Decision

o2l

E!

o)
N
N
o
X
o

o

ﬂ.o

7}

Making Unit, DMU)7} &4 4 o] ofof

DEA A&

ol

el

Ho

—~
o

oo

]
X
o
o

il

ol

I

ﬂ.
0
o
)

7A
Tor

o

i
E]

zel

o
o

N
ol

o

;00

# Aoy

2o AR T Aoy

BRI

\_._mo

3-1>09]

5T
3t

AgAT <

Al A o]

1

0
pa

T8
2

A

e oly B

1H3

[e]

=

]

A=}
W
=

i

0]
“

o] &
=

°©

-
R

A
= A

]
eyze)

o
of
U

A" ely Huld

o
N

of &=

To
B!
o

ol

R

A 8l

al

10 4] o] ] @

[e)
RS

e

.gon_

‘_IrH

jzel

oF

T
OO

o}

Ef 1]

pE

AL
i

of| Aol 7} 9]

Bl wel &4 ol

5]

% 9]

=24 Hud &

st o
Y =

LS|
ax

i
E]

oy

jze]

_32_

12) Thomas, B.(1994), pp.135-148.

13) Tongzon, J.(2001), p.121.

11) Thanassoulis, p.21.



o] 7

A1

=
By = oF )
! i ~
oy I T MM roy: S0
~ ) —_ ‘Iﬂ ™ ie 2 ,Mﬁ
< M HT _Mg Mo o N K 1, % B!
~ ~
= A A ® 5 =
ofy MM A= R = Mw e 3
3 ﬂg e ﬂr Mo o o} ot Em 5
Mmﬂ NH =z 8T W AaLe .
1mmgj}o_m mo@@ -
o 0 o o R om X s
Au_ w M & TR N MT mm
m T = w T ol g
ol = RXS L & o ™
— =
: i g o oyo®
id L= 5o / = oz "
X Xq ,_mv-‘_ 4 S8E e e MJ =
° m"_mwmaﬁ AN T o R m
M i w_ ° Hﬁ ¥ oy F oo -
g xSy LYE 3
. o . o L ) ~ .o _
= %wm e _Wr wg T = 3| > = o W e
g T = s tawqﬂ %e ol )
=~ % o) o o prafiGey N
- B P T s
= el Z.E] —~ OT ,ﬂ! ™ k= =] —_ ) QY mo B AT = _(\
3] ~[° <) = ™ 2 & Nyl om o - fof
E9 <l = - o S 5 = > e El o No o
s o 2 < B o2 - C S > e
o o ) R I el + o mm BR )
o T I Vo = 3 9 Mo 5| = "
W 70 T o~ & 2 Yo 3 3o e %o
e @ BT E S E 5 l ST T xw o |
o od o o X m ) ~ I ol K oy o<
g o & x° o] o T -
s TR <2 of. o 2 o
/\ A . OH._ = X HT
~ ;Qn_ 3 = X %
i T =
Ao o

- 33 -



™ T xo dp e —_ -
SERE frgas TE 3 T
- ¥ g I N~ XEOoR N M < = AR
e} 1 % W H - B o = N MM 5
B TOROX T o) T o) x° X ol =°
- L i - o R <) mm 3
< W e % G o == 0 n
- ol N
o v BRI W T R
e = T 3 ® LW o o e g X oo m
i R U = R - S v =5
i R (R VI S ¢ LT
I~ o jﬂ - 1 e _— -~ JOn_l ~X A
T ‘m,lﬂ mﬂ_ Bo = oR A jol° H . < ‘Q l ;o ,_lryl ,UI
W N oo - B ° % o B o P
) oo LR PH 4D i = _ 2o
= e o iz MVF T = =3 T do ) | gl = ‘.Mlﬁ o Jo =
oo 5 H o o e = = M
il ﬂ%#ﬂﬂ.ﬂ%ﬂﬂﬁ mMmg W ow
o e —
= EE 0, o Do Elﬁ o =~ M.,o - ﬂ_OI m Onﬂ = W X % ol
o 2o of o o W R & (om R g R
o S =2 Z e WM ° el g Mol g OV o o
— < < ‘UI ™ < © LI\_ O_ | AE w w..* 7E — ﬂwo ET Lf 13C| ﬂ.Ol
= S -~ X S o E Q W oF = o To®e
AN R = W e o O e M =T 5 W = g X
o SR ooy o w0 oWy LEAE e I T N T
s gITmITIeTYVE (EEETEITLZE Leic
. o= N | X ~ fac 53
B LB AT o B ey S TSI T B o T g
Callet S N oagyogp O X T oo W ox S T F 25 . o 9 N
S o) =T T T T E o= X T X S W) o WO W £ 2 /& O Xe — o
e o oo W N B op X A LU N
S @ o oMk g e o < S oo F B F
A= ™ B 2o = / - ™ ) X ] T RO < o’ I Y ~ E TH
oo EE T w?TXopx o dx T T & e o W
. - o f - JL o T 0 o~ S AT _&_' =~ B~ wlArL ;i o 4
-~ o it A ] T s X T — m N o < Ny m o =o ~
T L= ST RSO T 7P w W o= P AR ISR
il al <7 = o = B T oy | A 3% N e | M=
mh Em G T PRE e oy KaE w2
= B . R R Pz w0 O 2 OE R o
= TP arearcEe PeeFo R
ToH .Tu‘_ @ N HT_ O‘._ H_.E ‘WE T MW‘_ ﬁt @ zﬁ o _50 _ui = o

_34_



FEo Au2E Y

rr
N

Ao wEgdre R 2 HAY AAE Tt

Hat7l &l o2 7HA #Eo vhE 51 &3 (multi-product cost function) =
F-de=dt2 AAgday CESAAS S, EdAzT AAESs Fo] AAHIL 3l
o thE S v 83t <)
AP E oBA R st sk A 7ol dolA R F v A A
o dHE st o o

g B9 43R0 /g A4/ 9% T4 =P A

N

NEAQ Frdus 28 AF4 BA6 f4dEs nad pud g
A Edrzagsy FUE tedt 2o
InC’ 0/0+2a Iny. +Z,BInw +—Z Zdtlnyrlnyt
i r=1 t=1
1 m m
+§Z Zr,klnwlnwk+z anlnyrlnw +& (4.4)
i=1 k=1 r=1 i=1

= 9 Aol Mg Rl A e UHA A AREAA Ao
o] FEwo]o} Hr},

o & A A oF th = Jtr ik = N6 s P = B (45)

a7kl g AR Al

_35_



(4.6)

1...m)

1...,9

1

L Y =0k

1
1

>4

T
e

—

0

)

o

|

ju—
0

o
o)

it
mJ

e

¢

TR

oo

3 B o] w2}

[¢]

1

-

R

oA

i

0]
hal

°] ¥

TC

Lt

A e 1

it
M
A
'
e
™

el
it
m.o

el
_5 r
pzel

of
o

Ulo

o] ol A 1]

73 Al

Ha=s

A

™

[l

B
i)
]

il

\n

= O e

o] 2]

R=Rtey

A

3

&
=

Ed=z 4

=

=

%25 A5 (observed data)

S

J)J

7 N
o

-
]

%
H

o)

4
TR
<

Al

2 A" A

< (parametric approach)¥} H]

<" (stochastic  approach),

% (non-parametric approach)

(non-stochastic approach)¢]# 11 %=

Gt
o

+

N
ol
it
=0
rJ
A
®r
-
al)

i
o

Tor

H

"o

o

(EFA)

1 (econometric

A 9 (linear

B

Ak o

KB
=

Ferrier and Lovell(1990)

approach),

15)

programming
- 36 -

approach) 0. =2



Lo}
(4.7)

=

2}

o
=
} ¥ 5 (random

t}

}x

] >
b3
-

Iz

A

A =31 m)

°©

3

F +b+u (i=12..m)

z]

K

11 8] &3¢9} share equation® & T4 ¥ EFA

RIE

=

=

INCA=InCF +InA+u

A

o Ar
=
2¥ o]

=

o] €t (deviation)

H)

o
i+

ol

oo

—~
o

=]
R

fluctuation)S T+

ﬁo

A

o

AEEN 71E4 b

o

ARH o7 A7

=

u}

=

=

(half normal distribution)

Ay
-

Tt

3]

%3

A24 DEAX
1. DEA9] A9

sl

[=°]
jzel
A
TO
ofp
jod

ol

-
R

DEA(Data Envelopment Analysis)

)
ILI
Gt
i

ey

o
Tor

o

7ol

A s R4 (Parameter) S F A

7he g o)

|

Y

stol

G

2 oW

7heh 4 <)

o

]

hyx

1ol A

°©

R S

™

5=

a

G
o

MJ
A
I
A
a

)

—_
o

rvze)
_Zrl
i
X

o
o

o=

al

%
S

I
=

] o 2]

&

S

g/]

_37_

Z] Charnes, Cooper & Rhodes(1978)9l

y

s
piul

o

-

L

DEA



) %o ~
o < W o T o oy B
7 Nr o 4 BN
— A W " T T T TR
X owm y A W ° ~ T Ak X ™ o o
o ‘I/_.l T —_ o ,»IAFL E#E QLO AT — o~ N ,a OﬁU —_ 0 ‘mwl \a U - ]
ﬂvA.H i~ OE X N " - e o ox .AE JL ]‘WL 0 Mﬂ \H l M .Tu‘_ o)
W M T P e S i N 5T
° o o o M I T S oy ® ®
o X o]/ o W N o= T N T oy T o BN ®" -
Xooom ok % X o om oM om A B > o W
o = - T % R M — 1 < ol ZIT! o | ~
1__/| N 0 M - OT Mﬂ ox ﬁ - o o L EO e Jl ;On_ ;OL
S T Firic TIEL Ia:
Mﬂoa‘ﬂﬁﬁmowﬂw @%ﬂ@u% %er = BT
bR F o ol o 5 O N = do W
%.E.ﬂ._ﬂ%%“wﬂ z%ﬂrﬂﬂ% @%E% o E
o W o W g T = A/ = m < w% B
oo g WP W mumo_éwwm Nﬂ‘ﬂ.%qﬁom wu_wrﬂo% g =
& o 2 Wom L o bo oy 9 PAE o Xoom hal = ma
i =~ o oy - - =o N J—
B — T N — 2y %O 5 /Y ol T A Np =0 o] = M
ﬁaozibﬂommﬁeﬂ %EQ@@M o T W T
= TOoH o r o1 iy Bl el 2 a =T Ko X
ol o~ ay o A 7 X il <0 oy {F = T
Ea = = 7o ‘;L ,ﬂ.w._ LC ET A O# JH HL =PI = _5& Og ) = ~
T o 2 s 3o < Ay g b B
I m <2y wT 3 TR e o ETE o =
) B ok o A = ~ X = I AT —_ = A Y e Nr
) <+ o T P M T TR o~ R o X
g W oMo X B 0 SE00 %ax%aﬂ@@
m?%ﬂ%?%gﬂ%ﬂ. mfmee_a_i%wm g ¢ B oo
PR IV i o> = T 7§ oy T e
N r @ r N o i i T = R - oy Mo A {F o ] )
53 L bom ¢ E B e MTmo%ﬂ@ﬂ @%M%lo_e&
— 0 = 1 e S T X e W R TR i Ao 2w
Mu = o MT T - r b W N\ o 7o do W Mﬁ NI N %
Boaow T R S w2 I -
AR B Aﬂ_s@UﬂE o mom LT o
amﬂﬁo@gﬂwﬂﬁ% o E%ﬂogM% W e T
%ﬂ@ﬂ%@@rLﬂ.ﬂ = S W?mﬂ@_%ﬂ%mﬂ
= ™ F U o _,W S = T % o W g . ﬁm St CERU
< K B Jlo . o & ORe 17_._r = o S ,a M = Ee ! e
™ = - T o A M- '
= W o T K R DA ~— © =
© ELSINY ,ﬁ R N Py
NN T

- 38 -




%

Al 3

o
=

=

A
vl

be}

oEl

=]
T

Fol A&

G

Bolo] Fete ny 447t B4

i

0]
“

A, 7FA A 2ol

of i

N

el
i

o
B

Ho

SELE

7}l

3

Z-}ﬁ

ol Zt DMU¢ 3 th

[e)
o

7t

-
L

2 3}

AT

Z o
- —

dAY =

G

e

A, AgA 920 4

)

e
ok
ﬁo
)

e

=5 of A

}

k9
pul

5')4

171

°©

%)

=

=

143}

7he 91 kel

[e]

]

j,].\l

(categorical variable)S T

o A,

¢

oy

N

qo oel s 2D

VS
™

kA
I
A, Edo o]

A

e ol Al oFe] glet.

2|

o:
o

3. DEAY
DEA ¢

PN
T4

o

W

845 mek DMUY

™
oo

A

welolr}, we}A

A DMU¢]
DMU7} =AY
=

E

=

™

e\
i

2 3}

—('E]:

2

2§l MA 5o

.3 Ke)
5 9

A

)

O

|

o

!

el
ojn

%

olx ¥ DEA7} W Aol

1
i

&

-

L

o|t}. DEA

7]
A=}

Az oA v EE = g

-

R

A, DEAR D] A o] &5

=
=

e

s}
sl

o} e}

o|J

g o

o, wea

-

R

1

_39_

[e)
=

IDFFA, dAA, p3l.



AA, DEA o] 2t BAHQ 540 798 @Aolth =, DEAE 4
A g8&A Hrirdol= g DEACA =
E AAY A7 9 YA BEUNE AFFeIAE o Ak A3 5

g DMUZF &4 th7dol A wad 4

DEA 2% 5 7P t4e B9 CCRY BCC Bt ol RIS w3
Aol A o2l DMU9 3 2845 A= DEA 7[WHolvh F+ 7HA g9

7 2 2ol CCR B9 r&e dlet B4 EW(constant return to scale) %
= o
AA]o thsl] Es] vral XA Skt weta] 2 Ao A= CCR 2% ¥ BCC &3
_]

1) CCR =18

CCRE Farrells] E&4 7S A4e #38 ARE ol§stel 24T + s
e At o] ZMe ARTLRAoletn Wystark CCREFE WAHOR
FEel W@ my Bwe s vk

/el DMUZL £705}ed, 2t DMUE k7ol 54183 mole) 4&@e Ataris
A4 @ A DMUS $905) 4% WEE 247 x,9) v, dehilA x9 vE 7

o

fz
off
e

TR T, "HAE A AN BA 7 Eoke] FxwE B gD, A
A AT, 2003, 12, pp.53-595 & A<

d
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7} kxl, mxl ¥ E (column vector)e]t}h. kxn & X mxn 2 Y& 747 FY
e FEod xoh y,a A iG=lL.ndA DMUY QG+ A e
r(r=1,.m¥A AtEHFS ondth i-DMUS duid a8 =457 94l
Charnes et al.> b3 22 28-S 223819

h =2

Maximize |
, \,')g

subject to ﬂs], =1 2, ---, n,
V'X

j

u, v=0. (4.8)

A71A ust ve 4 FUER AEE FolHs 7 A (weight) ¥ E ol Tt v’
. A (4-8)°1 A= i-DMUS] 2t&E<] 7}
Hlgol Horh HEE ush vE A
= jol diel i-DMU®] &&4o] 18t #7Ay Zolop dhrh=
sA= OEThE =#tefA = <&t}

E= DMUS a&4ds B2tz fef = DMUS <+ n7intsE9 A& 4
il HAE Atsof @tk A(4.8) ulEFH o7l WEel 4T HE T
A A Fgeh uxet vx7b dfolE tuxst tuxE 7F "ok KL e ekl A
31 Charneset al.= v'x=1& A FEAoR FI335to] 4 (48)= 4 (49)= s}

o3
s

Ir
o
o
2
[e=
i)
=
—
Q
)
wm
ko)
Q
wm
o
tio
1o
E
fr o
g

Maximize ,, h =y,
subjectto Vv'x =1,
u ’yjfu' x=<0, 5L, 2, L, n,

H, v=0. (4.9)

21(4.9)8] AFAo= FHrgAe i-DMUS 84 hE 23850 v, o)
A e 1RT #ZAAY golol @b p=lolW k-DMUE Aujdoz F&4 ¢
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DMU7} a1, h<lel¥ i=DMU= ZdiHoz Fgxom ag&Holx X
DMU7} #t},

APA G o Ado] Z(duality theorem)s AF&3tHd 2(4.10)S oh& 22
¥ 2 e (envelopment form)2 WAL 4= 9t}
Minimize , , 6
subjectto -y, +YA=0,
Ox —XA=0,
A>0. (4.10)
09 Ax ZH7b A, nxl GWEHE 2(4.10)9] Agwgoltt, AP A E R 9

Aol 2o weld 4499 AH hgdt 44109 AH Ozt FAsh w
24 G-101% i-DMUE & &40, O<10/% vl &g solth 2 (49)% (4.10)
o Ak el A5 s, ZzkmeDzlst ()l th. DEAS] o)A
Qi oz DMUY A% (7 F93 4E 2o A5e Fhmuth 8
Aok o g AT weA A@-9)e Ak A5t B Am 4410
2 FE o] Aaael oF e Fhad.

2 (41002 ZE&A e AES 67

1

ol

~

Eolwe xo JFR dEgng o ¥
WEs AAEHEH Y A2 YEyud, o &
o} A& 71 CCREY 2 v o] A

Maximize , , @

subjectto -@y, +YA =0,

X — XA =0,

A=0. (4.10)

(410)7 9] AeFA el = F7h gl i=DMUS| &&4 @7}
A HAL g 18T 27y Zotop @ bE V1EYd A E, 7
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/2 SATH. ¢=1°1¥, i-DMU= 4oz a&4o=2 §45%<¢ DMUZ

i

Ha, ¢g>104 i-DMUE A8 oz &% ox &t}

2) BCCE 819

7P star Yl Aol A AgAoln. At

<Y 4-1> CCREY Y &A44

Bk gha

=

nh= (I] ,_Vlj

ba= (13 L _\"3}

Q19 AbEo] 747t shtel A5 AZhaA 3708l DMUl tiate] 747t
7 2E FY-AE AREE AU, p=(x,y) p =(x,y) p =(x,y) (7))

A ®Zo] DMUI 2= F43 AbEo] Aitgs o gloemz 7t=4 84
g sha 9, DMU3E vlag Aol e} o] Bago] 719 By B

= /M43 CCREY S A&39, y/x, >y/%=y,/x° 22 DMU 29 355 H]

Banker, Charnes & Cooper(1984) (o]3&loll A BCCREolgtal &)= CCRE
oA 7FAstE R e BB 1A S ¢4stst BCCEE S A A A

L

19 25339 79, AAA, 2003. 12, pp.53-59& 1&g 4.

)
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o BCCRE - CCREF ] (49) AFH y A=1 F7HFo= oz,
Minimize , , 6
subjectto -y, +YA =0,

Ex —XA=0,

3 A=1, A=0 (4.12)
j=1 ’

& 4459 DMU 29 584 24AE 10 o] CCREG7: 2e) 5849
DMU= A%l 22t} DMU 13 28 wlasd A2 F2e fe Fe -2

Z W&ot Aol7t A&e ¢ 4 Ak y/x Sy /xo2E DMU 19 B A
Mol B& & & otk o) A DMU 27F vlE& Aol o] ofugh thu
2 Akl ol m A @7 wWEe Wil ozt

A=
BRI AL vk AA AT )= E R Ee A

fel
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rr
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td
1o
kol
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oX,
©
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ul

WA B, -E,E,,° 4499, 218ve CCREH T84 A% E, &
Frel B&A HE(E)T €5 NEd B84 REE, )R Baad.

Eo® 180 Zow @49 FY-43 xge] Fu9 g4 Ava=z

scale o]

gystn 94 BEe ova,

E . 7F 1ol obd A%, F7hq o= 3 DMUZF @A qf&el g B

AR 99wk AFHE FGAA FERT JEE FAH 24
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gate) o & olth o2 A AUID $ A-104], TR g B

Al = (non-increasing returns to scale)S ¥A3lE 279 v A <1& H 339

M Eol A1) & wE F 9

Minimize , , &
subjectto -y +YA =0,
8x —XA=0,

]_21 A <1, A=0 (4.12)

)
2
sy
oft
e

ot
—_

A 4.11) "ol A Do HH @ J@IDAAM @l HAH 6,

%0,
o
e
Lo
=
o

A, o] DMUE & FEo gt B4 AT FHoA S5t
ok Wb F ogho] thEm R did B4 A7 FgelA FFsta
o] m o]t}
21(411)9F (4.11) " 2> F<4 71¥ BCCEFo|th, CCREH AN A9} o]
=

BCCEH S 4T & Stk (41D (411D "o d&H= 2

30
o
fr

N

2
i
i

23
e
N

Maximize , , @
subjectto -@y, +YA =0,

X —XA=0,

A, =1 A=20.
=1

j=

(4.12)

Maximize , , @

subjectto -@y. +YA =0,
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DEA #4o] AH8® W 2 W53
Input data

V1 : No. of Berth - 444

V2 : Berth Length(m) - 4414 o]

V3 @ Total Area(m’) - T4

V4 : Container Gantries, - C/C*H]
Output data

Ul : % A2 &= (TEU)

A2d EAAE

© d7s 20069 = Ay Hujde 944 A5E FEspen. Azt
Adoly AHAA(TEU)S AE842 FEoidit. & Ao e AgE5F
71 T3 109 ¢te] e ojqdrte] e oY HyldS H7t
Slom, o] 2le 109 "o ey Hud

3 2
ol Zdely HYd& <& 5-2>9 & PR OE FHATE FA AHd

<& 5-1> 20056 F = Fo Rk Aoy A A
A T8 Fgu olF ) 2] % TEUs(2005)
1 Shanghai 1808.40
2 Shenzhen 1619.70
3 Qingdao 630.70
4 Ningbo 520.80
5 Tianjin 480.10
6 Guangzhou 468.30
7 Xianmen 334.23
8 Dalian 265.50
9 Zhongshan 107.59
10 Lianyungang 100.53

A& http://www.protcontainer.cn ([ s 1146 45 55 )
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<E 5- 2> DMU% EAA 8

Container Terminal Nbg'rtﬁf ler?gt%](‘lm) Tofzér?)rea Né)/ ¢ f (TZI(E)([)jSS)
Zhang Hua Bang 3 784 30.5 8 140
Jun Gong Lu 4 857 30.7 7 130
Bao Shan 3 640 21.8 5 90
Shanghai
Wai Gao Qiaol 3 900 50 6 247.24
Wai Gao Qiao2.3 5 1,550 160 15 486.85
Wai Gao Qiao4 4 1,250 163 14 363.84
Beilun 3 900 75.7 10 177
Ningbo
Beilun 2nd 4 1,258 74.2 12 230
Chiwan 9 3,100 40 35 415.24
Shenzhen Shekou Phasel.2 4 1,350 51 16 266.37
Yantian 9 3,750 208 41 760
Qingdao Qianwan 8 3,400 225 26 544.31
The 3.4th port pool 4 1,223 25 12 175
Tianjin Wuzhou 4 1,202 27.6 12 113
Dongfang Hailu 4 1,137 43 8 113
Dalian Dalian 9 2,369 50.88 14 265.5
Haitian 7 1,510 33 13 155
Xiamen XICT 2 470 23.5 2 110
Xiangyu 4 976 48.8 9 69.31
Qz ans Nanshan 4 1,400 62 14 108
Liggggn Xindongfang 2 540 16.2 4 100.53
zhangjia Yongjia 2 505 18 3 37.71
Nantong Nantong 2 440 253 4 26.74
Yingkou Yingkou 3 826 60 6 58
Az 2E AR FHolA.
A7 AEE DEA &ZEd o] DEA-Solver-LVE ©]-§38ko] 45} 3]th20

200 Cooper, W. W. Saiford, L. M., & Tone, K.(2003), p.292.
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g VeFAEASs AuEd Hrlste AHY Huldel Hi M= 4
otk HF+t A Zolet T WAL Z+7Z 1333m ¢ 64 m' otk Hude] An
d AdEgadde] F daes 12dod. AHY MY Hujdde @2
Aol & Kol 9low ot A7 208WHTEU| t.
<E 53> 7ETAF
No. of Berth Total
Berth Length(m) Area(‘:iF m) |No. of C/C| TEUs
Max 9 3750 225 41 760
Min 2 440 16.2 2 18
Average 4.36 1333.48 64.1272 12.08 208.042
SsD 2.189 876.552 57.846 9.252 177.746

vebdith, @ AN gk F AR ghol= 5157%9] 7HE @2 AddAE Ko
& =

No. of Berth Total NO. of TEU
Berth Length(m) Area (¥ ) Cc/C S
No. of
Berth 1 0.934 0.517 0.854 0.738
Berth
Length(m) 0.934 1 0.686 0.947 0.856
Total
Area(Thm) 0.516 0.686 1 0.651 0.849
NO. of
C/C 0.854 0.947 0.651 1 0.868
TEUs 0.738 0.856 0.849 0.868 1
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A3d Aoy Hud &4 B4

1. CCRE ] °ah 584 24

[o
N

49 deloly Hujdy va&Ad deely Huldd 47 57h¢ 21 E
el T Waigaoqgiaol.2.37], Chiwan, XICT¥ Xindongfang HU|EYEL2 &&
] 1.002.2 YEY o™ Yantian, Shekou Phasel.2, Waigaogiao4, Tianjin
the 3.the Port Pool HPE 52> &&4 Fhol 0900 o= e
ghH Jr e 9X 3t Beilun 2nd¢t Beilun EPE2 584 Fhol
0.682¢} 0.6595 AF#ske] 20051 AEolY A& Fe T =Wl 495 A 5
Ao nls] a&Ado] v+ Ao R ua Hrh. Xiangyu, Yingkou, Nantong E V|
2 &84 ol A7 0.277, 0.248% 022002 E&4do] v EudL YE

155
=<
womw g&Ao] 7hA 2 Huld 2 Rizhaoo| t.

LS
S

-
L

<Y 5-1> = F8 ZHeoly Hude a8 v u(CCR)

Container Terninal

Rizhao === §$.086
Nantong 0.220
Yingkou 0.249
Xiangyu [ 0277

N A

E 0.343

Yongjia P .384

Dongfang Hailu 0.4169

Wuzhou [ 0.564

Haitian

Beilun

Beilun 2nd F 682
Bao Shan 0.698

Gianwan 0.727

Jun Gong Lu s 0.728

Zhang Hua Bang f 0.813

Dalian 0.816

The 3.4th port pool [ 0.908

Wai Gao Qiaod [ 0.934

Shekou Phasel.2 [ 0.941

Yantian 0.952

Wai Gao Qiaol [ (1]

Wai Gao Qiao2.3 00
Chiwan [

XICT F 00

Xindongfang

654

oo
and
&
@

MU

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Efficiency
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2) v E& 49 DMUel 3 &4 7HA
HEgAo= Hrie ddoly guldo] tisto] HlE &9 HeS dostn
E8AS ST A AHES 2R <E 555E vEEA
ol AR Ze4 BAARE JEdn Folx FAA 9 C/C gu Rl
A BEEAS =017l AdAE dEloly Ag=e AA Bo duty o A9 s
oF st AL Ataach
DEA°] 93 H7} Axs= Audo=z vggdoz dysE DMUSY us)
of &4 AL A2 FRIFL ATADL o3 FJIAETEE RE
of dFd A9 HEEAFY s FA L NARFE BAE F dn. Fx
A& (Reference set)> HE&2¢ Hudo] &340 = 7| 93 wA=F st
= Huds oujgnt. 21 Huds MAn st 24 FHAE
o)
A
<% 55> T= F4 dHEHeolY Eude AlF &4 F4(CCR)
DMU Score Reference set
Projection Difference %
I/O Data (lambda)
Zhang Hua Bang 0.813
No. of Berth 3 2.482 -0.5183 -17.28% Wai Gao Qiaol
Berth Length(m) 784 784 0 0.00% (0.531)
Total Area(¥tm2) 30.5 30.5 0 0.00% Chiwan
NO. of C/C 8 6.642 -1.358 -16.98% (9-87)
TEUs 140 172.287 32.287 23.06%
Jun Gong Lu 0.728 Wai Gao Qiaol
No. of Berth 4 2.855 -1.145 -28.62% (0.392)
Berth Length(m) 857 857 0 0.00% Chiwan
Total Area(Ytm?2) 30.7 30.7 0 0.00% (7.59)
NO. of C/C 7 7 0 0.00% Xindongfang
TEUs 130 178.484 48.484 37.30% (0.499)
Bao Shan 0.698 Wai Gao Qiaol
No. of Berth 3 2.229 -0.771 -25.70% (0.186)
Berth Length(m) 640 640 0 0.00% Chiwan
Total Area(9tm?2) 21.8 21.8 0 0.00% (3.19)
NO. of C/C 5 5 0 0.00% Xindongfang
TEUs 90 128.848 38.848 43.16% (0.691)

_52_



Wai Gao Qiao4

0.934

No. of Berth 4 4 0 0.00%
Berth Length(m) 1250 1240 -10 -0.80% Wai Gao Qiao2.3
Total Area(%tm?2) 163 128 -35 -21.47% (0.8)
NO. of C/C 14 12 -2 -14.29%
TEUs 363.84 389.48 25.64 7.05%
Beilun 0.659
No. of Berth 3 2.942 -0.058 -1.93% Wai Gao Qiaol
Berth Length(m) 900 900 0 0.00% (0.401)
Total Area(%tm2) 75.7 75.7 0 0.00% Wai Gao Qiao2.3
NO. of C/C 10 7.623 -2.377 -23.77% (0.348)
TEUs 177 268.473 91.474 51.68 %
Beilun 2nd 0.682
No. of Berth 4 4 0 0.00% Wai Gao Qiaol
Berth Length(m) 1258 1204.913 -53.087 -4.22% (1.170)
Total Area(YFm?2) 74.2 74.2 0 0.00% Wai Gao Qia02.3
NO. of C/C 12 8.491 -3.509 -29.24% (9.83)
TEUs 230 337.002 107.002 46.52%
Shekou Phasel.2 0.941
No. of Berth 4 4 0 0.00% Wai Gao Qiaol
Berth Length(m) 1350 1256.970 -93.030 -6.89% (0.906)
Total Area(¥tm2) 51 51 0 0.00% Chiwan
NO. of C/C 16 10.421 -5.579 -34.87% (0.142)
TEUs 266.37 283.155 16.785 6.30%
Yantian 0.952
No. of Berth 9 9 0 0.00% Wai Gao Qiaol
Berth Length(m) 3750 2737.826 -1012.174 -26.99% (1.739)
Total Area(YFm?2) 208 208 0 0.00% Wai Gao Qiao2.3
NO. of C/C 41 21.783 -19.217 -46.87% (0.757)
TEUs 760 798.29522 38.295217 5.04 %
Qianwan 0.727
No. of Berth 8 8 0 0.00% Wai Gao Qiaol
Berth Length(m) 3400 2459.783 -940.217 -27.65% (0.674)
Total Area(%tm2) 225 225 0 0.00% Wai Gao Qiao2.3
NO. of C/C 26 21.978 -4.0217 -15.47% (1.196)
TEUs 544.31 748.722 204.412 37.55%
The 3.4th port pool 0.909 Wai Gao Qiaol
No. of Berth 4 3.894 -0.106 -2.65% (6.27)
Berth Length(m) 1223 1223 0 0.00% Chiwan
Total Area(¥+m?2) 25 25 0 0.00% (0.248)
NO. of C/C 12 12 0 0.00% Xindongfang
TEUs 175 192.569 17.569 10.04% (0.738)
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Wuzhou 0.564 Wai Gao Qiaol
No. of Berth 4 3.692 -0.308 -7.70% (0.258)
Berth Length(m) 1202 1202 0 0.00% Chiwan
Total Area(YFm?2) 27.6 27.6 0 0.00% (0.272)
NO. of C/C 12 12 0 0.00% Xindongfang
TEUs 113 200.367 87.367 77.32% (0.238)
Dongfang Hailu 0.469
No. of Berth 4 4 0 0.00% Wai Gao Qiaol
Berth Length(m) 1137 1117.121 -19.879 -1.75% (0.412)
Total Area(¥tm?2) 43 43 0 0.00% Xindongfang
NO. of C/C 8 8 0 0.00% (1.381)
TEUs 113 240.839 127.839 113.13%
Dalian 0.816
No. of Berth 9 6.514 -2.486 -27.62% Chiwan
Berth Length(m) 2369 1797.052 -571.948 -24.14% (5.72)
Total Area(Ytm?2) 50.88 50.88 0 0.00% Xindongfang
NO. of C/C 14 14 0 0.00% (3.0)
TEUs 265.5 325.291 59.791 22.52%
Haitian 0.654
No. of Berth 7 4.8585 -2.141 -30.59% Chiwan
Berth Length(m) 1510 1441.179 -68.821 -4.56 % (0.193)
Total Area(¥tm?2) 33 33 0 0.00% Xindongfang
NO. of C/C 13 13 0 0.00% (1.560)
TEUs 155 237.038 82.038 52.93%
Xiangyu 0.277
No. of Berth 4 3.199 -0.801 -20.03% Wai Gao Qiaol
Berth Length(m) 976 976 0 0.00% (0.943)
Total Area(Ytm?2) 48.8 48.8 0 0.00% Chiwan
NO. of C/C 9 7.094 -1.905 -21.17% (4.1)
TEUs 69.311 250.223 180.913 261.02%
Nansha 0.343
No. of Berth 4 4 0 0.00% Wai Gao Qiaol
Berth Length(m) 1400 1216.970 -183.031 -13.07% (1.206)
Total Area(%tm2) 62 62 0 0.00% Chiwan
NO. of C/C 14 8.721 -5.279 -37.71% (4.24)
TEUs 108.4 315.803 207.403 191.33%
yongjia 0.384
No. of Berth 2 1.880 -0.120 -6.01% XICT(0.38)
Berth Length(m) 505 480.974 -24.026 -4.76 % Xindongfang
Total Area(YFm?2) 18 18 0 0.00% (0.560)
NO. of C/C 3 3 0 0.00%
TEUs 37.7119 98.089 60.377 160.10%
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Nantong 0.220
No. of Berth 2 1.465 -0.535 -26.76% Wai Gao Qiaol
Berth Length(m) 440 440 0 0.00% (0.469)
Total Area(¥tm?2) 25.3 25.3 0 0.00% Wai Gao Qiao2.3
NO. of C/C 4 2.987 -1.013 -25.32% (1.16)
TEUs 26.7355 121.580 94.844 354.75%
Yingkou 0.249
No. of Berth 3 2.736 -0.264 -8.81% Wai Gao Qiaol
Berth Length(m) 826 826 0 0.00% (0.736)
Total Area(%tm2) 60 53.7 -6.3 -10.50% Wai Gao Qiao2.3
NO. of C/C 6 6 0 0.00% (0.106)
TEUs 58 233.365 175.365 302.35%
Rizhao 8.58E-02
No. of Berth 3 3 0 0.00% Wai Gao Qiaol
Berth Length(m) 1000 864.981 -135.019 -13.50% (0.611)
Total Area(Ytm2) 40 40 0 0.00% Xindongfang
NO. of C/C 6 6 0 0.00% (0.584)
TEUs 18 209.713 191.713 999.90 %

2&A dteol 0500k gHrEE 7ol dis] AR A ARE
Dongbang Hailu HUldS 384 @to] 04692 Ay oz
o2 yewtow, Fojxl FRAIA B C/C AnH] fRAA E&A4
A= HHoly A o] 20050 A4 Hu 113.13% ZF7Fgk 240%F 8386TEU
E AHgsof sl Aoz gk 2005 Dongfang Hailud] #Z2F3 Huld
Wai  Gao Qiaol(0.412), Xindongfang(1.381)& UElRton olE Fx3h
55 AMAvAst] 2&E8S FEAE F AT
Yongjia BV T84 H7F 435 B &4 o] 0384= e &
PeA 7IFom TEAS FHATI7 Aallds AEa49 AHY AedA
o] 160.10% <sulE oo 3t} Yongjiad AT HFF&  XICT(0.380),
Xindongfang(0.560) & v}E}F%ETH

Nansha B "2 Aol Z&4 2 03430 T&AQ A ZEE
Atell Aol Hol b HeEloly A 315%8027TEU Aoz byt
Nansha®] #ZF3% HW|'dS Wai Gao Qiaol(1.206)7 Chiwan(4.24)¢] t}.

37y A= BEEA Fhol 02772 YER
FURA VIFoR T84S FEATNV] e A8 AeHY Agd
1

Aol 261.0% TuEoloF ot Xiangyud #HEFF FFE=Wai Gao Qiaol
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(0.943), Chiwan(4.10) S &2 EFYE

Yingkou HP|de] Jof2el &84 # 0249019 && 4l Ak ZEEo
Abell Aol Mo AbE AElely A 175W3650TEUSl Ao yEbyt
Yingkou?] =T HUE2 Wai Gao Qiao(0.736), Xindongfang(0.106)= 1}
Eb %t

Nantong HulE 9 &4 H7F 235 B &4 ko] 02202 e
FHoA VlEor 84S ATV Al s AEaadd AEHY A ed
o] 354.75% FthEojof @t} Nantongd FHEHT HFE=Wai Gao Qiaol
(0.469), Wai Gao Qiao2.37](1.16)= Y E}%L

Rizhao EIV]d2 7HE HIE&4Q 235 dEd

o

g.‘\l

Xindongfang, Yongjia, Yantian, Waigaoqgiaol.2.37], Chiwan, XICT¥ Nantong
Brudss 84 gol 1.0002 Yeyon CCR Rygoz 43 Ayrt
o B2 242 Hrds =& 18 o714 542 CCREFEF 9 of
F B 24492 Nantong HUdo] BCCEIENNA &% Huldz el
t}. 3o+ Shekou Phasel.2, Waigaogiao4, Tianjin the 3.the Port Pool¥}

Qianwan HUE 52> E&4 gto] 09001 o= Yewtom, o] A3+ CCRE
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<39 4-2> = 72 dHolY Hulde &84 va(BCO)

Container Terninal

Rizhao === §.087
Yingkou [ 0.252
Xiangyu B 0277

N }

Dongfang Hailu F 0.483
Wuzhou 0.566
Haitian = 0.672

Bao Shan & 0.700
Beilun [ 0.716
Beilun 2nd 0.721
Jun Gong Lu F 0.729
Zhang Hua Bang 0.819

Dalian 884
Qianwan 0.904
The 3.4th port pool [ 0.911
Shekou Phase1.2 0.949
Wai Gao Qiaod & 91
Chiwan P 00
Yantian [ [1]]
Wai Gao Qiao2.3 oo
Wai Gao Qiaol F o0
XICT E 00
Xindongfang 00
Yongjia o0
Nantong oo

DMU

0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1

Efficiency

¥ Haitian, Wuzhou, Dongfang Hailu Hul¥-2 &84 Ftol Z+7 0.672,
05663 04825 =#A]sto] m&Ao] v Aoz 8 Xl Nansha, Xiangyu,
Yingkou HvY2> &&4 gkel 27k 0357, 02773 0.2512 <2 EHuld2 o

=

0.
E&5A o] 7Hd F& Hud S Rizhaoo| t}.

MEgdew BrE Aeey gHuldol dale] Wage U9 votsw
EEAT FUAY A AAEE B2 <E 56> WALEH Hr
del A% TEH BAZRE vt Fold gwAd 2 C/C g Rl

&
A EEde =7l HeiMd e HEolY Aegs: 244 2o drky o A9

of &g A HEEAY YIS EAMs fAWEgS A 4 gt
Reference setv FZFATo=Z HEZEHQ Huldoe] &40z 7| $3] @



At st Hulds ondt. A HuldS dxntdste ae4dS
FAE AT
< 56> T 72 HHolY Hude AF &4 £4BCO)
DII\//IS SS::: Projection | Difference % Reference set (lambda)
Shekou Phasel.2 0.949
No. of Berth 4 4 0 0.00%
Berth Length(m) | 1350 | 1276.984 -73.016 541% | Wai Gao Qiao1(0.833)
Total Area(¥hm) 51 51 0 0.00% Chiwan(0.151)
NO. of C/C 16 10.929 -5.071 -31.70% Yantian(1.59E-02)
TEUs 266.37 280.712 14.342 5.38%
Qianwan 0.904
No. of Berth 8 6.692 -1.308 -16.35%
Berth Length(m) | 3400 | 2480.769 | -919.231 | -27.04% Wai GaoQiao2.3
Total Area(¥hm) 225 180.308 -44.692 -19.86% (0.577)
NO. of C/C 26 26 0 0.00% Yantian(0.423)
TEUs 544.31 602.413 58.103 10.67%
The 3.4th port pool| 0.911
No. of Berth 4 3.852 -0.148 -3.71% Waigaogqiaol
Berth Length(m) 1223 1216.697 -6.303 -0.52% (0.082)
Total Area(YHm) 25 25 0 0.00% Chiwan(0.253)
NO. of C/C 12 12 0 0.00%
Xindongfang
TEUs 175 192.159 17.159 9.81% (0.664)
Wuzhou 0.566
No. of Berth 4 3.813 0.187 -4.68% Waigaoqiao(0.172)
Berth Length(m) 1202 1202 0 0.00% Chiwan(0.234)
Total Area(YHm) 27.6 27.6 0 0.00% ]
NO. of C/C 12 11.610 20390 3.25% Xindongfang
TEUs 113 199.559 86.559 76.60% (0.593)
Zhang Hua Bang | 0.817
No. of Berth 3 2.673 -0.327 -10.89% Waigaoqiao(0.395)
Berth Length(m) 784 784 0 0.00% Chiwan(3.98E-02)
Total Area(%Hm’) 30.5 30.5 0 0.00% .
NO. of C/C 8 6.023 1977 | -24.72% Xindongfang
TEUs 140 171.004 31.0045 | 22.15% (0.565)
Jun Gong Lu 0.729
No. of Berth 4 2.873 -1.127 -28.18%
Berth Length(m) | 857 857 0 0.00% Waigaoqiao(0.379)
Total Area(¥rm’) 30.7 30.7 0 0.00% Chiwan(7.05E-02)
NO. of C/C 7 6.943 -0.056 -0.81% Xindongfang(0.55)
TEUs 130 178.367 48.367 37.21%
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Bao Shan 0.7
No. of Berth 3 2.276 -0.724 -24.14% Waigaoqiao(0.153)
Berth Length(m) 640 640 0 0.00% Chiwan(0.174)
Total Area(%hm) 21.8 21.8 0 0.00% )
NO. of C/C 5 4.849 -0.151 3.02% Xindongfang
TEUs 90 128.536 38.536 42.82% (0.829)
Wai Gao Qiao4 0.991
No. of Berth 4 4 0 0.00%
Berth Length(m) | 1250 1225 25 -2.00% Waigaogiao(0.5)
Total Area(¥hm) 163 105 -58 -35.58 % Wai Qao Qia02.3
NO. of C/C 14 10.5 -3.5 -25.00% (0.5)
TEUs 363.84 367.045 3.205 0.88%
Beilun 0.716
No. of Berth 3 3 0 0.00%
Berth Length(m) 900 900 0 0.00%
Total Area(YHm) 75.7 50 -25.7 -33.95% Wai Qao Qiaol(1)
NO. of C/C 10 6 -4 -40.00%
TEUs 177 247.24 70.24 39.68%
Beilun 2nd 0.721
No. of Berth 4 3.791 -0.209 -5.23% Waigaogiaol
Berth Length(m) 1258 1258 0 0.00% (0.829)
Total Area(THm’) 74.2 74.2 0 0.00% Wai Qao Qia02.3
NO. of C/C 12 10.456 -1.544 -12.86 %
(5.89E-02)
TEUs 230 318.869 88.869 38.64% Yantian(0.112)
Dalian 0.884
No. of Berth 9 4.629 -4.371 -48.57 % Wai Gao Qiaol
Berth Length(m) 2369 1511.065 -857.935 -36.22% (0.729)
Total Area(YHm) 50.88 50.88 0 0.00% )
NO. of C/C 14 14 0 0.00% Chiwan(0.25)
TEUs 265.5 | 300.217 34.717 13.08% Yantian(0.665)
Haitian 0.672
No. of Berth 7 4.200 -2.800 -39.99% Waigaoqiaol
Berth Length(m) 1510 1342.951 -167.049 -11.06 % (0.735)
Total Area(YHm) 33 33 0 0.00% Chiwan(0.27)
NO. of C/C 13 13 0 0.00%
Xindongfang
TEUs 155 230.646 75.646 48.80% (0.423)
Dongfang Hailu 0.483
No. of Berth 4 3.307 -0.693 -17.34% Waigaogqiaol
Berth Length(m) 1137 1013.617 -123.383 -10.85% (0.307)
Total Area(%Hm’) 43 43 0 0.00% Chiwan(8.16E-02)
NO. of C/C 8 8 0 0.00%
Xindongfang
TEUs 113 234103 121.103 107.17% (0.182)
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Xiangyu 0.277
No. of Berth 4 3.207 -0.793 -19.83% Waigaogqiaol
Berth Length(m) 976 976 0 0.00% (0.937)
Total Area(¥hm’) 48.8 48.8 0 0.00% Chiwan(3.85E-02)
NO. of C/C 9 7.068 -1.932 -21.47%
Xindongfang
TEUs 69.311 250.169 180.858 260.94% (2.41E-02)
Nansha 0.357
No. of Berth 4 4 0 0.00% Waigaoqiao(0.833)
Berth Length(m) 1400 1319.544 -80.456 -5.75% Chiwan(8.53E-02)
Total Area(YHm) 62 62 0 0.00% .
NO. of C/C 14 11.321 2679 | -1913% Xindongfang
TEUs 108.4 | 303.286 194.886 | 179.78% (8.13E-02)
Yingkou 0.252
No. of Berth 3 2.930 -0.070 -2.35% Waigaoqiaol
Berth Length(m) 826 826 0 0.00% (0.305)
Total Area(¥Hm) 60 60 0 0.00% Waigaoqiao2
NO. of C/C 6 5.926 -0.074 -1.23% (0.208)
TEUs 58 230.316 172.316 297.10% XICT(0.487)
Rizhao 0.087
No. of Berth 3 2.830 -0.170 -5.67%
Berth Length(m) 1000 839.612 -160.388 -16.04 % Waigaoqiao(0.690)
Total Area(¥m) 40 40 0 0.00% Chiwan(2.00E-02)
NO. of C/C 6 6 0 0.00% Xindongfang(0.29)
TEUs 18 208.062 190.062 999.90%

obef= &4 kel 0500 ¢ H= U 57 da AT &
gty Dongbang Hailu Blv]Y-2 &84 ko] 04830 = Aoz & &4 o]
S o yeyon Fojxl Fukad g C/C AH] RN ZEAES =
ol7] H&AE HY Ay 2005d A Brd 107.17% 7k 12
1034TEUZE A g sljof 3= Aoz ¥d Hrl. 2005@ Dongfang Hailud #HEF
g Huld2 Wai Gao Qiaol(0.735), Chiwan(8.16), Xindongfang(1.183)% }E}

wor ol FEFAF FFE MAIvA st aeAdSs FHAE F U

Nansha B "d9 Aol &&4 %2 0.35701H Z&AQ A ZEE
Atel o] Hdl AbE HEloly A 303%2860TEUSI A o= eyt
Nansha®] FZFH3 EHuldL& Wai Gao Qiaol(0.833), Yantian(8.13), Chiwan

—
=

4|
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(8.53)0] T}

Xiangyu Hulde E&4 H7F A3E B 384 o] 02772 e
FHoA VlEor 84S FAAIV HaAlds e AEHY A A
o] 261.0% S oo vl Xiangyud FEHT RFEWai Gao Qiaol
(0.937), Chiawan(3.85), Xindongfang(2.41)= 4 E}y;t},

Yingkou BP9 A &4 e 025201 E&AQA AL ZEE
Abell Aol Mo AtE AElely AP 172v3158TEUSL Ao 2 yEbyt
Yingkou?] #FZF3% BHrE-S Wai Gao Qiaol(0.305), Wai Gao Qiao2.3(0.208),
XICT(0.487) = Y EFS

do]  999.90% SulE ook Ft}  Rizhaodl HEZHT FFE Wai Gao
Qia01(0.690), Chiwan(2.00) Xindongfang(0.290) =

.
o
3
i)

Tk A2 A2deA S22 Huld gAY T IRAIG 21 Ed s

A4 ZF9 Hutchison Whampoa 1%&, A7FE =29 PSA

Corps., &9 P&O Ports, "= CSXWT, & MTLA, wlrla9]

Maersk-Sealand*} 5 o] T dnto] Fxlsta Yt} <& 5-7>5 Ayny 9

= Hud $9dAELS F2 Shanghai®, Shenzhend, Ningbaod, Daliand},
Xi

anmend@ol] ZH oY Eude FFxo FHs 9

2
i
15
fz
32
iy}

Qingdaod, Tianjiandst ¥}
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<5-7> F=w F

Q

a

ZEely Hulde 99 FrAEG

Port Container o . Share holder Efficiency
o Terminal | o °"|  Public Private CCR| BCC
Zhan
HuaBa1g1g SCT 0.813( 0.819
Jun Gong Lu | SCT SIPG(50%) HPH(50%) 0.728] 0.729
Bao Shan SCT 0.698| 0.700
Shanghai Wai Gao o HPH(30%),SIIC(10%)
8 Slact SPICT | SIPG(40%) COSCOR0%) 1] 1
WaiGagQiao2. | gpcwT | SIPG(100%) 1|1
Wal.Spo SECT SIPG(51%) APM(49%) 0.934|0.991
Ninebo Beilun NBICT |  NPA(51%) HPH (49%) 0.659]0.716
& Beilun 2nd BSCT NPA(100%) - 0.682]| 0.721
Chiwan CCT SZWCH MTL,CMHL 1 1
P&O Ports(22.5%)
SWIREPacific17.5%
Shekou Phasel SCT SZPG COSCO(17.5%),
Shenzhen CMHL(32.5%) 0.9411 0.949
SWIRE Pacific(17.2%)
Shekou Phase2| SCT SZPG MTL(9.8%),
P&O Ports(20.5%)
Yantian YICT YPG HPH 0952 1
P&O Ports(29%),
Qingdao Qianwan QQCT QDPG(31%) | APMTerminals(20%) [0.727|0.904
COSCO(20%)
The 3.4th port 9
bool P TCT | TCT (100%) - 0.909| 0.911
CWSCT(18%),COSCO
Tianjin Wuzhou FICT TJPG(40%) Pacific(14%)CMHL(14 [0.564| 0.566
%)CSterminal(14 %)
Dongfang TOCT TJPG(51%) DP world(49%)  [0.469| 0.483
. . . PSA(35%),
Dalian dalianl DCT Dalian PG APM Terminals 0.816| 0.884
Haitian HTCT | XIPG(100%) - 0.654] 0.672
Xiamen XICT XICT XIPC,Haicang HPH(49%) 1 1
Xiangyu NWXY XIPG NWS holdings 0.277{0.277
uan
Quang Nansha NSCT GNIOCT CS terminal(40%) [0.343| 0.357
zhou (60%)
Xlgi‘;“g Xindongfang | NOCT LYGPG CS terminal 1|1
Z};I‘fg]la Yongjia ZWT ZJGPG COSCO Pacific [0.384] 1
Nantong Nantong NTCT | NT PG(100%) - 0220] 1
Yingkou Yingkou YKCT YKPG COSCO Pacific  {0.249] 0.252
Rizhao Rizhao RZCT | RZPG(100%) 0.086| 0.087
AR 7 2R BAOIA
TR FAt glE AL g




<HE 57> Huld F9ARS REARte] #AE vEdd. CCR 4 A
1.00o 2 Yepv= EHuEde F 57I7F Ak 1 Fol A Al
A Hrld #9348 S5 59 F9A R F9cts Huld2 ) de
tl = HPHAFSE == =9 SPICT, A 7144 COSCO 3 W19 3] AFSl SIIC7}
TEOE 9stE Wai Gao Qiaol, HHE GAd MTLANSYE T3 39
SZWCH % CMHL(China Merchants Holdings)At7}F #F2oz 43}
Chiwan, HPHAF®} F 559 XIPG ¥ HCPG(Haicang Port Group)7} & & o=
+93l= XICT, LYGPGS COSCO Pacific’t &% o2 93+ Xindongfang
ojth. o] &9 &4 FIHMEL Wai Qao Qiao2.3%F 3l

BCC &4 A& BW T84 #o] 1.0002 Yeds HuEdLe F 8747
Atk L FollA AA Bud FFASE T 59 F3AE FELR F9Ete
Hude 671 =49, Wai Gao Qiaol, Chiwan, HPHA}S} T =9
YPG(Yantian Port Group)’} &2 =2 %3 Yantian, XICT, COSCO
Pacific7} #oJ3l& Yongjia®t XindongfangolTh. o] 671 B uld FolA A 7]x
Abel Huld £ 9A7F 3Eo® Foste HuE2 Wai Gao Qiaol©] il
A 570 BHud e FHoAkes BEF S22 Hud 9ot oY & D
Hrlde Wai Qao Qiao2.3% NantongH 12 23to] 3l

Z&A #kol 0.90-1.00Akolol YEty+= Hulds 4. CCR
T AyEs B2 284 3tel 0.90-1.00A ] YElvE Bulde 47 v 2
<ol A Yantian, Shekou Phasel.2, @ Wai Gao Qiaod Eln]dol+= A4 grld
F G e ATIAAE ol MEstal v o E 2W ARFo®E A7AAL H
nd 9 dArt d5 o2 IE3E Shekou Phasel, HPE &4 AT o
3} Shekou Phase2, Wai Gao Qiao4 ¥ Yantiant "] o] Qlt},

BCC &4 A& ®WA T&A4 #ol 090-1.00AFe] Yebv = grjd2 47
AEY oA w3 Shekou Phasel.2, @ Wai Gao Qiao4 , Tianjin the 3.4
Port Pool®] ol = QianwanBE] V@ %= At} 3nbaal, A7[dAret 229d gyl
$-%Alel P&O Ports, APM Terminals® &% o2 £¢%1 r}.

E&A o]l 0.70-0.90Arol ol YERU= EIWE S A EE AdeA & 5 %
o] & Aol+ gtk CCR &4 A¥E B4 Z&4 kel 0.70-0.90AF¢] o e}

s 78 Held FollA Ar1dAst 2 2E Hud S9AE o Fold

—

rr
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= Huge Qianwan® i UHA gHuldes F2d
Zojo] P w 2=sta 9th BCCRE O R EAGE Aoo= guld $odat
Wi Ee] gl ek Eulde] 43 glidl 5 HPHAME &6

Zhang Hua Bang, Jun Gong Lu, Bao Shan¥} Beilun E "] dolt}, A 7] AL}
Held ¢4 #502 21%3: ©nde Dalianl shubstel gich ol ol

Beilun 2nd9] 9 3Jel= &5 &0l

finj

rr

< Hude LFFHE HHEA

= B Nansha, Xiangyu, Yingkou, Rizhao En|d & 2
Holu g&Ado] ofF v o=z yeyth Yingkou®t Bizhao HPYE L &
3 9 Eudoli Nansha® Xiangyu EPE-2 NWS Holdings¢t CS
terminale] Zt7} Folx o] PR W& Huldolth CS HAEL 2004 9
Holl #F Nanshag®@ v =34 35+ A%S L, 20059 NanSha B H|d
o YR 67/ L ZAFE 4/MS F7FATE 200610 3L 40% A S WY
g 0™  China Shipping®] F#l= Nansha Hujd9o Z&Ao] Eold Aoz
ofl %+ T

g =
or $9u YE BdE FAN AL B HFE ANDIE Ao Y
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A6d 2

B ool AE 20050 Fa F4 Aol Byde BEAAEE ol §ate] 7]
4y o DEAZ o g3tgiov #ue] 548

CCREZ <3 w&4 wAAHd 93t Waigaogiaol.2.37], Chiwan,
XICT# Liangyungang BIPME 52 &84 Fto] 1.002=2 YEFW o™ Yantian,
Shekou Phasel.2, Waigaoqgiao4, Tianjin the 3.the Port Pool HHUYdE52 3 &
A kol 0900l Ao 2 vElytth. 3 Xiangyu, Yingkou, Nantong HP|E 2 &
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