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An Efficiency Comparison of Container Terminals in Korea and China
by Using Super Efficiency-DEA and Malmquist Productivity Index
Zheng, Xue-Bin* - Kim, Yul-Seong**

Abstract

The objective of this study was to select world top 20 major container terminals that belong to
Korea and China as comparison units to analyze their efficiency and productivity trend. Super
Efficiency Data Envelopment Analysis(SE-DEA) and Malmquist Productivity Index(MPI) models were
applied to this study. Compared with previous studies, we narrowed down the scope of the com-
parison units to terminals and conducted more detailed analysis to present more meaningful im-
plications to the actual operation. The different result from existing studies, SE-DEA analysis implied
that the major terminals of Busan New Port showed similar efficiency and productivity with China’s
terminals, In MPI analysis, the average index of Korean and China’s terminals is 1,051 and 1.049.
The analysis indicates that the productivity was improved 5.1% and 4.9% annually. From 2012 to
2015, the average terminal TCI index of South Korea and China were 1,032 and 1.0318-the main
factor which influences MPI. This means improving productivity mainly rely on investment in new
equipment and technology upgrades rather than improve operational efficiency over the past few
years, Future management decisions should consider more aggressive marketing to increase the vol-
ume and improve operational efficiency to enhance productivity, Further research should apply the
overall efficiency of the methodology considering the financial diversification, terminal capacity,
service levels, and other factors,

Key words: Container Terminal, Efficiency Evaluation, Supper Efficiency DEA, DEA-BCC,
Malmquist Index

> =284 2016, 06, 09, > AlAIREE: 2016, 09, 06, > AXHEA: 2016, 09, 12,
* gl thetY BRAl2EE vk, AR} jhbl025@kmou,ac, kr

[
= s Fieal BRAILE T w4, walAAL, logikys@kmou, ac.kr



2 stastekAR|stE|x], MG2E H3E

SHopAop A AAHes Y AH oY
Frksol FJFHL S5F0 ]
198 Aol HojAa Jlet, o]
ol ZeleldEnjd el BAHE Alasted gyl

7].7(1— ﬂ%—o

N

do] Mu|X F£FS gFASteol 3aL o] ¢Hd|
A, of=, ARl § Y AskE T2 283k
Eiﬂl”«] 284E 7}]@_5}]0}: AHE 2= qth. &

o 3 3 o2l Qelolelrldo] FAHoz
2T ok, olE B PG FAYRFA
o el sol WA vl £, Y3
ogHe ool FULFSIPG) Bl 3ol z}w}g
of SAHoz Hude edsn Atk E o

FEe 2 A% W g 2 eeld zg@ gk
el FmW P 3 HEAY WE TR TR
=

A s 5 U 5 Az BE =18 va
g

=2 ?ﬂ?‘oﬂf‘i% sk Fae] 9 #nbilA 2
gsral Uends dAste] At xet
EH(Data Envelopment Analysis, ©]8} ‘DEA'Z}
3 T WY =95 SHE F 3= Supper
Efficiency DEA(SE-DEA)R €3} Malmquist A§2HAd
A5 d(MPD)E AlEsle] Adld E84 2 A
A HW3lZEolE H|n - BAsluA} 3}, o2 E3
Hrudddd EAlste A4S Fola

28
AR 9 AR Axel dag e wEEa

had

o,
Ir
F_“H_,
?

5 sgom FAHUAL. Arge o
Fol WA, B, How FHL s A2
Fe AYATE AESA A3Fe B AT

& RS st Aede v
T 3 AENFE Fgn AFEA
Aotk AselE el Ang acks

e =Edhen 5o A7 FAE A
93\

R 2

HEE A AFE 19709 REH AlFHH
o] &EZ =ZdElo] HIH(Stochastic Frontier
Approach, SFA), FTXAF3|FARA, ZQ4-42A4
(Total Factor Productivity, TFP), ¥ &]2] 7}1A] &
Awe AEsigln, A2 QTES F2 DEA
WS ol B8sT Yt

Roll and Hayuth(1993)+= *|<-° 2
He &&3te] ItEEN A4S AEZen, ]
22t 207] gre] EEA
Ho} o] HYd =4

£/3% e R 001 A 207H 8 vk
FHopAlol 87 F8 Fvte] HE&A HhE el

gute] AR el me, S
g A ot e



Supper Efficiency DEAS} Malmquist AJ4Hd A5 &-83 31 - F ZHo|UErde] &84 v 3
E 1. fsloly 29
A7 ko o e=d
HAEA 7 - A-3HE
) Edus s _
Labour —Thr@ghput
Roll and Hayuth . -Service Level .
20 ports (Israel) -Capital . . DEA-CCR
(1993) -User Satisfaction
-Cargo . . .
-Ship arrival times
-Berth Length
AT vl 20 major world ports -CY Area -Throughput DEA-CCR
(2001) 8 Northeast ports -CFS Area -Port fee DEA-BCC
-No, of QC
LA - ARE -Berth Length
60 major world ports -Total Area -Throughput DEA-CCR
(2005)
-No, of QC
-No. of Berth
352l 35 ports -Berth Depth DEA-CCR
. -Throughput
(2009) (Northeast Asia, USA) -Total Area DEA-BCC
-No, of QC
-Berth No.
A - A A -Berth Length DEA-CCR
ARl - A 10 ports (Korea, China) N g -Throughput
(2012) -Total Area DEA-BCC
-No., of QC
-Total Area
No. of OC DEA-CCR
o]Z=nl - Hol&H 21 Northeast Asia Ports : DEA-BCC
) . -No. of Berth -Throughput .
(2014) (Korea, China Russia) Shift-share
-Berth Length )
Analysis
-Depth
ofet - TP - . -No. 1of Bert}h
U2k - okedm 16 ports ' -Berth Length “Throughput DEA-CCR
2015) (Northeast Asia) -Depth DEA-BCC
-Total Area No. of QC
Hol= 39 AeolUdwte] ag&Ado]l HuH 2. AdsydTrele] 2pEA
= vehd Zleg 2
- - Zz Flulg S A = 5 X3 E oAM=
o] %) - PolA(2014)e Wo|SF M3} DEA 71E Fvta gAY #He JdPAFEAME o
o 1o w 5 o zo
Wi o @ ZHolAlol =g gvle] F4AL BA 7 22 2 7HA A E 2SS vk
> Zol= Elule o FOA] =
ste] ghur 7 AAY X2 ww - BAET AR, 71Ede e @92 5384 WP
ol x|s Uyl [} ooyl ol &HA
olE 9](2015)= 2012 7|F ZXHolrlo} F& ol g =o] Hujd T9E dFHT Qe dH
(e} =] =]
Adolige] BE viwey sgon g F AR WIS XA
QEghrte] ZZahvknur} vl ELHolgta hdrt. A, Fdaset AdEase] dA#dTY FEA
] A e} ] Z73 = =
AYATe qoket ygo (% 1)7 2o} o] thh EolAlE A7t 4 &A% dE &
o) M4 ob MMZol FAe] WrolL M4



4 ststorR|stsIx], H32E M3
Foll tigh FFol EAIEHA ool FAlol ARE Al
Ao ewst WolAA Bt

AR, BRse AEEsE Sus) A8 F
2 Fa3ge xE<¢l Containerization Interna-
tional Yearbook 5-& = @yt W Eujde 2
Al AF g FA1eE B xfolzt AsiA A
gt AAe AHEsH] ofgt

old wEt £ AFe VIE AFE
Hdste] Bop gl A7AdRE =Edtaa s
At

AA, =TT Fuidele] wutids A
HolUenda Ziste] 7|& A+

H
Erlded EaE SAsA S

S, 49 DMU A4 % AA B A
2o WS 433 WP 5 Gk arEV A
ste] mey M) RS Folug 3

A, ARFHelE PN B 5
AR, G L Guko] 255 3

o] FAAlolES} g 2w, AAYEE T &

m, #iE 290

1. DEA ¥ SE-DEA 2d

Aol ErJr-’/‘r 0431 7}7\] T

Tl 7jErde gtﬂ‘—rf‘j (CRS)¢] CCREH

I 7T R(VRS) 9 BCCD%O]‘:}
DEA-CCRE Y& A Charnes et al(1978)7} A|A|

g mdz Grhde] He DMUES FHEY
Vs gAlel Hgk AEE 7}%—%174191 H]-8
ZHs = ¢ HH, 7—} ‘3*9} Az Q el
TVEAES oFz27

DMUS| Bd& 7t tg 2z 7
o] Hl&S Hushr7|aa de AFEFAIER o
o} CCREH] APAF2e 33 2}

Max hy = Zu,.y,.ﬂ 1)

r=1
ST Zvixw =1

i=1
m

Zu“yr] ZUL ij — =0, .] =1,2,.

U, V; =€, ¥V 1,J

A7 hy: DMU,el &84, u,: A &S
o g kA, v A FdEY A, g,
DMU jo r1A] 2&&E9] &, x,;; DMU jo 1WA
FYE &, Y00 B7HHE DMU 09 A A&

#e] %, z,00 BHRE DMU 02] A FiEel

DMU-Q] Zl:, m: TH%‘/]
o]-#H <R (slack variables) § ¢ s &
AHEAR WIS & o JFgAgRds we

g % gl

Min hy, =0 )

s; =0z, i=1,2,...m

S.T.;ijiﬁ

n

_ T
E AYypi— S,
i=1

+ - . .
s.,8;, =0, Vinrj

=Y T=12,..,s

glel F2elA hyel AAs7E 10l EA

s, =0,s; =00]" DMU hy= &&Hog 3



Supper Efficiency DEAS} Malmquist 23 A4S 283 3 - 5

AHAL ool ghol 1uth som wEgHom
B7hec

EAFY CCR BeA FHERGe U 2
< AURES g AIAGHer AR, A
2 CCREHA FAAFET AF2AF D]
A FUsth
Max hy =10 (3)

n S
S.T. —Zl)\jy,,.j-i- Eley,,o-i-sj:(), r=1,2,.,s
i= r=

n
Z)\,{L’U+Si =z, 1=12,...,m

T,s )\ >0, Vinrj

CCREYL 29 FAA(Return to Scale)o]
QT AgElel FRe) BEAT w4 7)
&4 BgAe TR RIGE Aol 2AR
ok Ab7]so] kel thek FrbH Y 79 CCR
wald] o3 F4AE Adze 5849 DMUY
© 2PEw MEsHen Yt & g o
N3] Y3l RD Banker et al(1984)+= &
2l Ade fasel Freolhuoleis 7
Agsta 224 daxAs F7K3F BCCR

JeFatoict. BecCrde] NEA AL v

mﬁn@ozi%rulmé

oo ao _12
2

Maz hy = Z w, Y0+ U (4)

r=1

m
ST Evixio =1

i=1

s m
Eluryrjizvz z7+u0 = 0 .7_1 2
r= i=1

U, v; =€, V1

Zelelderde] 887 vl 5

ol JrEFASe] et

o AgAeAE AieAz Hshd tat
2z,
Min hy =10 5)

i
S.T. E)\jzij-ﬁ-s; =0z, 1=1,2,....m

Jj=1

n
Z)‘jyrjisr
j=1
YA =1
7':

j=1
+ - .
s.,8;, =0, Vinrjg

T

= yr(J? r= 1727"'78

CoRRASE MmsisiE w Aelde At A

okzgiael YA =1 o F7bd oltk. ojze
j=1

BCC Rdlo] Rl tidt 71iAe ¢d3] 543t

71 9E B2 ekl YA =18 AHEQ

=
DEATZA| o] F714 o2 235 Zlojrt,
o

m

Mazhy=0+eY s, +Zs+] (6)

i=1 r=1

n S
S.T. Z]l,\jy,,ﬁ Zley,,o +55=0, r=1,2,.8
n !
Z)\j:niﬁrs; =z, 1=1,2,...,m
j=1

ij)\,:l

L,s )\ >0, Vi,nj

CCREHA EEHSZ HrlE DMUS
5 10]7] wiEell olEe &&A AfolE H]
4= ¢lt}. Anderson and Peterson(1993)o] A3k
SE-DEAREL jHx DMUS &84S FH71E o
g DMUS] F9l3 k=S 7|E BE DMUS| F
A 2] APxFoz YA Ae 53 |

RlOEL

1t rlo



A DMUE HjAlgtch, o] wW) &&Ho= 7}
DMU= FE Hledd wet gFdstds 284
AT F dok. BYFIHEE SUEE Supper
Efficiencygko|t}. Z#jA] SE-DEAYE CCREA] oA
FE&A o] 12 FHrlE DMU Alele] &A=
ol T2 F 2 Hrithd DMUY thate] &
Ao 2 £9E A F Ut} SE-DEAdA H|=E
&2o2 HrlEl DMUY E&A& CCREYET 2

, BEHo R Hr7bE DMUS #he 1 o)fo|t
1.5%1 DMUE 22 H]EZR 50%2] F

o i

Minhy =0 7

i

Z Zgy;+s; = 00, 1 =1,2,...om
j=1
J7 %

+_ _
E Zyy T8 =Y T=1,2,008
J7‘Jn

Z, st,s >0, Vrg
o7lellX Z= DMUol st A2 7A€
S& DMU 2% % j W& DMUS Z=gn|8 o],

5,8, & oot =1 ol FAd

2. Malmquist AJXHIR)4

DEA—CCRQ]- DEA—BCCE@% 54 2139 DMU
of &MY E&AHE WA F e d v
e l"i— 2 g delge &

3 dA 7IF HelAe AgdslSels AT
Att. MPIE DEAYIEIE o]83dte] A

&g ARl

4

(Distance Function)?] 7S =3t & 924
2ol ®istE SAstent BFYES AEE A
o et AiReAs 7Y devt gld S
DMUS] AAl grell wet AFAGHoZ FaS
DMUS 2Fow ol ZaEolE A the
AEEds FAToEZN FAH HES T35k,

o
=
o
30,

A S Eole .
MPIFAUHE Ao o]&u= Azfsed wet
FY7IE A 9 ErE AYRER 7R
Hohakgts], 2008). A= DEAo|A 9} Fsk 7
Hog dA FE NEFS *340}— b Q]
v A Hase) FA3e A

Fare et al(1994)c] ©J3pH MPIE= AlA tol|A] ¢
AES 7HSE AddelA AZR o2 AIF,
w19 A&z B G 2o Heold
F ok

Dt(l‘tJrl, t+1)
M= ®
Dy y')

TEIIAIR 1 A Y AileS 7S e
dr A2 o2 F AA 1, t+19 EY-A= =3
< %ol MPIE T o] Ao & glrh

Dt+1(xt+1 yt+1)

M= ©)
Dg“(xt, yt)

Aol Dyt y), Dy t+1)_5 7
7} 1o} 41 7)7ke] EEA ZelElojod BE9g
ek g A ALE drhia Do%
CRSE 7HAE AuFrE
o dig 7Edxs A9

fKl
ol

§1_

_g]

P

s

Ol

o
o
r-{m



Supper Efficiency DEAS} Malmquist AJ4Hd A5 &-83 31 - F ZHo|UErde] &84 v 7

sl 7 MpPL A|=e] 7)skgHEE o]gste] AEA]
& AIHsAFE Aoshi v 2ol Fol
At
]wo(xt+17yt+17xt’yt) _ (10)
[Dg(th’yH!) DJ+1(xt+!’yt+1) s

Dot(xt,yt) Dgﬂ(a:t,yt)

]L[O(mtJr]’ytJrl’xt’yt) _ (11)
D5+l(zt+l7yt+l)
Dy(a'y')
[D[f(mt+17yt+1) Dg(xt’yt) v
D(;,Jrl(xt’yt) Dgﬂ(xt,yt)
TECIx TCI

F2dA 235 §re] FAE T AR (1, 1)
A 4 HES vErdLh ol Ve 584
W3} A]4=(TECI: Technical Efficiency Change in-
dex)gbal H2W F AF9 7|=4 2&4 WHItE
Hryshe Hxolth, 35 kel 7jstHEdEe F A
A, 1) B 7]EHMSFAIF(TCE Technical
Change Index)8}al F2w F A Alo]e] it
Zlewst, & 284 AARY olFo] A
Hslol| oA 7el=rtE Hrlsle FHm=olth

71eA EEAHSIAF(TECDE A &4 &8
XM 3} A<= (PECI: Pure Efficiency Change Index)
o} TR E&AWIR|S(SECE:  Scale Efficiency
Change Index)® T8 £ 3 tg FHog

dehd 5 g

]L[O(xt-%—lyyt+17xt7yt) _

I/g.f+1(xt+17yt+1) y I/é(xt7yt) I/g+1(l't+17yt+1)]
I/g(l’t,yt) Dot(l,t’yt) Dg+1($t+l,yt+])
Dg($t+17yt+]) Dot(xt’yt)

]1/2

= [Dt+1(xt+1 )T D)
0 ) 0 )
= PECIX SECIX TCI

12)

welA] MPI= 422 129} Zo| £ E&Hs)
A|=(PECD), TR &&/3WHstA|4=(SECD), 7|&WHs}
AG(TC) Al 7FA] REog Eajste] AT 5
sith. 9 #2eA 1pa'y') = A o RS
o7bH  3lellre] AEARTFE YERa
V01+](1’{'+1,yt+1)

£ Rl ga @DARe «
o EE I SR



8 satizNElElX|, MI32Z MBS

I 2 H|ICHA B0 R0

=7} Port Terminal A
Korea Busan KBCT, PNIT, PNC, H/NC, HPNT 5
Shanghai SSICT, SGICT, SPICT, SIPGZCT, SECT, SMCT, Yidong 7
Shenzhen SCT, CCT, YICT 3
Ningbo NBSCT, NBCT, Gangji, YDCT, CMICT 5
China Qingdao QQCT 1
Guangzhou GOCT, GNICT 2
Tianjin TPCT, FICT, TCT, TACT, TOCT 5
Dalian DCT 1
Xiamen Guojigangwu 1
@ = FtEF e drs= deoluy 2. SE-DEA ¥4
nd e AEARE
® BvidedRTAel 4y oot 9 WA g 012920056 Wiy Hridel sk DEA &

25
©® Google Earth %

A e Bl

A7 g7 ofEE Huldg wiAlst #HEF
o2 A4" "Hude Age

2ys} 2.

E AT Wy AR HAPATE AE
stoll ZAHolUEFZH 7H 2H AgS
B zlo)(m), k= (m?), ¢rY Z#¢l S (Quay
Crane, QC) % of= =
TOE FYHTE AAs

Agwse sk,

Hagel %, of=wya
Zolo} oL 747t Ho| A
HydolElE 259 743154045}. T
T2 EMS 1.3(SE-DEA H244)7 DEAP =%
2.1(DEA-BCC, MPI #-41-4)o]c},

il
il
=]

= B 9= (& I 2o 20124920159 A

TZ2ade E3 gud A Holde A=Y &8y HuAe Z7h 0.825,

—

0.821, 0.820, 0.8640]aL 4d X+ 0.8400|T},
H7}712t W H3t SE-DEA E&%o] &2 1 ol
< 7|53 Hulde Alolgte] SGICT(Yangshan
3cHA]), SPICT(Waigaogiao 1¥+A]), SIPGZCT(Wai-
gaoqiao 28HA]), F-AaFeFe] HINCS HPNT, #4]-$-
gke] GNICT, tHElgle] DCT & 7/HEA] AA 3

Il 23ns RS, oL AA HrbY)

o] 2
B 22 V3 %zu SEERT EL TN

% 3070, (&

o
SN
SN
0 ml

=% (Transfer Crane, HlEt EARE FEsles BY 20153 Ve

7, AfelyEEae & SGICT 103], SPICT 6§], SIPGZCT 103], HPNT
olulxo = ol zlolsl of 23], Gangji 73], GNICT 03], FICT 73], DCT 11
of==igol Zeak, ohy Slojty. =AME Fx3l47F ¥E SGICT, SIP-

= o= ZGZCT, % Ende agAol ve o Erld

Ao Akgua o] &84 Aol Fad Fahgon wol 44

eSS oulglt} SE-DEAdA] H|ELZHo= J

S

A e Mg 2 A9 a3
sa) shot e

.%



Supper Efficiency DEAS} Malmquist AJ4Hd A5 &-83 31 - F ZHo|UErde] &84 v 9

S BA% A= (F Hok 2 20159 AdE e SE-DEACIMETE #& 098 HoFoh
7IFo 2 SE-DEACIXET a&2og Hrte H g3 S Hulde] B asge A7 0.936,
W A7 37 s, AAl Elvldel B84 0.8930)ch SEDEABAGN E&A 125 B4R
i 3. 20124-20154 SE-DEA 24141}
Port Terminal 2012 2013 2014 (ZLZZO;?T) 201%’;;)15 it =4
SSICT 0.956 0.931 0.974 0.971 0.958 9
SGICT 1.134 1.085 1.052 1.077(10) 1.087 1
SPICT 1.018 1.058 1.065 1.126(6) 1.067 4
Shanghai SIPGZCT 1,055 1,018 1.096 1.076(10) 1.061 5
SECT 0.838 0.827 0.879 0.885 0.857 15
SMCT 0.558 0.734 0.815 0.870 0.744 19
Yidong 0.817 0.839 0.801 0.832 0.822 16
SCT 0.648 0.570 0.641 0.676 0.634 27
Shenzhen CCT 0.715 0.680 0.603 0.612 0.652 25
YICT 0.633 0.604 0.654 0.622 0.628 28
KBCT 0.796 0.537 0.650 0.597 0.645 26
PNIT 0.585 0.721 0.655 0.928 0.722 22
Busan PNC 1.026 0.887 0.888 0.978 0.945 10
HJNC 1.098 0.957 0.948 0.997 1.000 7
HPNT 0.937 1.158 1.190 1.045(2) 1.082 2
NBSCT 0.989 0.984 0.935 0.833 0.935 11
NBCT 0.877 0.752 0.789 0.783 0.800 17
Ningbo Gangji 0.850 0.871 0.969 1.016(7) 0.926 12
YDCT 0.653 0.707 0.761 0.837 0.740 20
CMICT 0.590 0.603 0.702 0.756 0.663 24
Qingdao QQCT 0.848 0.852 0.931 0.961 0.898 14
GOCT 0.754 0.736 0.751 0.742 0.746 18
Guangzhou
GNICT 1.096 1.159 1.066 1.007(0) 1.082 3
TPCT 0.523 0.529 0.535 0.532 0.530 30
FICT 0.988 0.970 1.003 1.032(7) 0.998 8
Tianjin TCT 0.736 0.720 0.739 0.736 0.733 21
TACT 0.871 0.862 0.944 0.925 0.900 13
TOCT 0.679 0.674 0.692 0.695 0.685 23
Dalian DCT 0.864 1.049 1.139 1.113(11) 1.042 6
Xiamen Guojigangwu 0.630 0.573 0.631 0.647 0.620 29
= P 0.888 0.852 0.866 0.909 0.879 -
F= B 0.813 0.815 0.847 0.854 0.832 -
AR Gt 0.825 0.821 0.850 0.864 0.840 -
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Port Terminal BCC BCC ¢ Scale Efficiency
SSICT 1 1 0.971 drs
SGICT 1 1 1 crs
SPICT 1 1 1 crs
Shanghai SIPGZCT 1 1 1 crs
SECT 0.926 17 0.955 irs
SMCT 0.887 19 0.98 drs
Yidong 0.909 18 0.915 irs
SCT 0.831 22 0.814 drs
Shenzhen CCT 0.753 26 0.812 drs
YICT 0.759 25 0.82 drs
KBCT 0.683 28 0.875 irs
PNIT 1 1 0.928 irs
Busan PNC 1 1 0.978 drs
HJNC 0.999 16 0.998 drs
HPNT 1 1 1 crs
NBSCT 0.884 20 0.943 irs
NBCT 1 1 0.783 irs
Ningbo Gangji 1 1 1 crs
YDCT 0.854 21 0.98 drs
CMICT 0.792 24 0.954 irs
Qingdao QQCT 1 1 0.961 drs
GOCT 0.745 27 0.996 irs
Guangzhou
GNICT 1 1 1 crs
TPCT 0.534 30 0.996 irs
FICT 1 1 1 crs
Tianjin TCT 0.795 23 0.926 irs
TACT 1 1 0.925 irs
TOCT 1 1 0.695 irs
Dalian DCT 1 1 1 crs
Xiamen Guojigangwu 0.659 29 0.982 irs
= Bt 0.936 - 0.956 -
F W 0.893 - 0.936 -
A Hat 0.900 - 0.940 -
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3. Malmquist J5H3R|$

MPIASE B7}AT A Ceffch's 714
(TECI), ‘techch'+= 7]&¥SHTCI),
SHSHPECD), ‘sech& TREEEAUSHSECD, ‘thpch’
Z Q20 E = MPIAGE ofnjgitt F
771 W MPIAISRS] Fho] 11X} Ztow kA
o] sl Aola, 13 god MAAd] w3}
Aolw 1HY =W Fakio] dEe Ay

>on

73wt

pcch = T8

L

G{ 6)2 201213-2015d H7IAd gHuojde]
=¥ PG MPIAF 2 Hax]o|th. 2012
Ld-zmski ZA Erde] MPI A& 1.0622 ]
= Aol 6% TS onlskaL, 20139

B x5

i 5. 20124-20154 §2%+ 104 EHO|Y 2 MAM X|E gl HM®l(Berth Length: 350m)
S Quay Throughput | Yard Through[zaut Yard Area 2per Berth| No. of QC per | No. of TC per
(TEU/m) (TEU/1,000m") (m”) Berth Berth
SGICT 2,752 5,047 190,885 4.0 10
SPICT 2,787 9,022 108,111 43 16
SIPGZCT 3,164 5,814 190,463 4.6 13
HINC 2,324 9,032 90,045 3.8 13
HPNT 2,018 9,434 74,870 3.7 12
GNICT 2,804 5331 184,121 53 10
DCT 2,054 6,482 110,915 2.7 8




I 6. GrioHal sojgel 4 Y " MPIX|S A 2R Hotk|
gl= effch(TECI) techch(TCI) pech(PECI) sech(SECI) tfpch(MPI)
2012-2013 0.996 1,064 0.992 1.006 1,060
2013-2014 1.038 1.032 1.020 1.018 1.071
2014-2015 1.024 1.001 1.011 1.012 1.025
2012-2015 1.017 1.032 1.006 1.011 1.049

2014 30E 7.1%, 20143-20153 1= 2.5%, 2012
d-2015d HA JrrzbEstels AAHdel e
AT 4.9% TS oulgtt. 2015d 22
AdolUEsd S7HA E3l2 <8 2014d-2015
| 71 A F1ES Ve dxe vlE @A

et
(E 7)€ 201243-201599 7 gujd & MPI A
F 9 BRI A0t Y 7z e

Hruldel Hit MPIRFE 1.0512 Aabdo] Azt
5.1%, = Hulde 1.0492 AJrdo] At 4.9%
Fdatact.

2012%3-201513 Alo] MPIR|S7} 1HT} ve g
ude Mxgte] CCT, ¥4k} KBCT, JdR 39
NBCT, NBSCTo|t}, YHEe] NBSCTE A&t 7]
B} Engde TCI A9} PECIAS7} 1Rth 2w
TECIA|F7} 18} Z27] wfiZol] Aol HA3t4
on, I Hole F= AWie 2 &5 284

o

e dum BAHEAG. = ols

s}o]q} SMCT(18,5%), BAFSE PNIT(22.5%), WH
g Gangji(8%), YDCT(13.2%), CMICT(12.2%), 3
93 QQCT(7.5%)°o]1, PNITE A& 7]e}
ndel Aabgdol FUket Fask Al &F e
§-&J(PECI) &gl 7]2lgtct,
AA Ende ®aldE # F %

i)

o WEAFE

[ed
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1.006, SECIAIS 1.0112A4] 7|&XRI} 71 =&

3.2%% 7158} x@w ol 71 27 Flefel

9ee a&oﬂw 7R EEde] Aage

F2 AZe B B9, uzaAs S, A

73"371‘3‘ =9 ZleNREEE Al A
o]

ekl & & Sl

l

011'1 4t _ll

i

I

i)

V. 2 &

L a7 2ok 9 AP

E AFdAE AA 1098 Adoldadutr =4
A sk T eSS AEsie] dnkado]
Adlo|UH )9S @92 SE-DEAS} MPI A|FH o

2 2012¥9-20154 /\]_o]/] T4 2 AN W
Folg ®Ashaint EZATEL g B Ao
A ATl Hd%’—l% é}lﬂ W oErds %39
te ARdel 2Ae Agste] F= Hulde &
cﬂ Nﬂe ETJ— 7% ‘%’l’o 3]_93\1;}.

32 Enjde KBCTE A8ty BF = &8
A3 e melFQeh. ARS - FHA2012),
olgt 9](2015) S AFEL @%{%{o] z2a
TRt §8Ao] v ARL x

g geZ vt 2 AT %i—éi?éaﬂron =A]
Fab A8 32 Hulde F3o| EXe a8
9 S HFA gtk KBCT7F E&74¢] v
< olf= HuditRd H3 EEHe] & Ao
2 EAEH



Supper Efficiency DEAS} Malmquist AJ4Hd A5 &-83 31 - F ZHo|UErde] &84 v

I 7. 20124-20154 2 EHoO|de| MPI X|&= & 28X
Port Terminal effch(TECI) techch(TCI) pech(PECI) sech(SECI) tfpch(MPI)

SSICT 1.005 1.025 1 1.005 1.03

SGICT 1 1.01 1 1 1.01

SPICT 1 1.052 1 1 1.052

Shanghai SIPGZCT 1 1.026 1 1 1.026

SECT 1.018 1.014 1.007 1.011 1.032

SMCT 1.159 1.022 1.165 0.995 1.185

Yidong 1.006 1.038 0.982 1.025 1.044

SCT 1.014 1.033 1.011 1.004 1.047

Shenzhen CCT 0.949 1.032 0.946 1.004 0.98

YICT 0.994 1.024 0.952 1.044 1.018

KBCT 0.909 1.043 0.906 1.003 0.948

PNIT 1.166 1.05 1 1.166 1.225

Busan PNC 0.993 1.032 1 0.993 1.025

HJNC 0.999 1.016 1 0.999 1.015

HPNT 1.022 1.019 1 1.022 1,042

NBSCT 0.944 1.025 0.96 0.984 0.968

NBCT 0.963 1.031 1 0.963 0.993

Ningbo Gangji 1.056 1.023 1.045 1.01 1.08

YDCT 1.086 1.042 1.093 0.994 1.132

CMICT 1.086 1.033 1.07 1.015 1.122

Qingdao QQCT 1.043 1.031 1 1.043 1.075

GOCT 0.995 1.025 0.991 1.004 1.02

Guangzhou

GNICT 1 1.014 1 1 1.014

TPCT 1.006 1.042 1.004 1.002 1.048

FICT 1.004 1.052 1 1.004 1.056

Tianjin TCT 1 1,036 0.999 1 1.036

TACT 1.02 1.018 1 1.02 1.039

TOCT 1.008 1.043 1 1.008 1.051

Dalian DCT 1.05 1.062 1.029 1.021 1.115

Xiamen Guojigangwu 1.009 1.043 1.015 0.994 1.052

b It 1.018 1.032 0.981 1.037 1.051

It 1.017 1.0318 1.011 1.006 1.049

20123-2015 Ht 1,017 1,032 1.006 1,011 1,049
Kokl Zgoludyt 9E AAS L e 20140l FakE ol AlAl 59 ol Rt
YR 33t Hit MPIAFE 1.0592A4 Azt Zhgle] 28 djleg & 4 Sty JrIe A¢

T T3¢l NBCT9} NBSCTE|M|YEL MPIAZF7} 1
B} o} Aol FraEE FAola, YR
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Mol Gangji, YDCT ¥ CNICTE{R]E¢] 7]7+ W
B MPIAS7F 1.08, 1.132, 1.1222 Z}7 8%,
13.2% % 122% Aol Yr3F Az el AAA
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ARl - BxAK2012), SR FF97] olF] dF F
2 Zeeldaute] A gk vlu I, T
=3 F=8h, Al6s, 1-34.

W8] (2008), “EEGT B 74T, =t

FAG - AFE2005), DEARFS o83 A F2 &
wro] g4 B, TeEmaeiguieel A, #129
A A3, 195-201,

23% - 9=7(2001), “ZHolUdRte] IAEAHEAY
% DEARZ-ANEEEM S 4o, Tau
A A, A7 AlLE, 27-51

o]FH] - Hol(2014), “HolF7MF DEAE L83 F
Hollo} vl 7k BAAY wwEA", Fe=gui
AgHE] Ay, A307 A4E, 219-254,

ofgt - FqiA @71k - QFRR(2015), “FEOMAl} Fa
Zglolvgute] B84 HuaP, Te=adagut
33]A)s, A39d As, 55-60.

aF41(2009), “FHOF A G = Fo A o|UFRRL
o &&A vw, "SmguAAsts|A),, #2537
33, 229-250.

SR 3](2012), (2013), (2014), (2015), FRHEF
il

A Charnes, WW Cooper & E Rhodes(1978), “Measuring
the Efficiency of Decision Making Units,” Euro-
pean Journal of Operational Research, Vol.2
No.6, 429-444,

Anderson, PN, C. Peterson(1993), “Procedure for
Ranking Efficient Unit in Data Envelopment
Analysis,” Management Science, Vol.154, 1261-
1274,

China Port Association(2013), (2014), (2015), (2016),
“The Statistics of Chinese main port container
terminal throughput in December,” China Ports,
Vol.269-272 No.1.

Fare Rolf, Grosskopf Shawana, Norris Mary & Zhang
Zhongyang(1994), “Productivity growth, techni-
cal progress, and efficiency change in in-
dustrialized countries,” The American Economic
Review, Vol.84 No.1, 66-83,

RD Banker, A Charmes & WW Cooper(1984), “Some
Models for Estimating Technical and Scale
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Supper Efficiency DEAS} Malmquist MY A4+5 &-g3t

g -5 AHolvEnde] a5 v

AT - A

ERCEE

SE-DEA®} Malmquist AAH3AGFH 2 2012d3-20159 Alole] F84 & A ulslFo]2 2A
akodct. 71EATFE HE 2 AFoMe dFude] HE W Ol ElndE FF o AR
2 APste] AA G0l BS ofn] v AXPEE AAEALAL HYTh. SE-DEA B4, 7]E AT
of g Fake Ag F9 Brlde S5 XA 584 @ AMEE e &S WETh =3
Malmquist FAHAAFE B2 43 d2Eju)de] Hd MPIAIFE 1.0512 iAol Azt 5.1% 34
AL, F= Hulde HH MPIAFE 1.0492 AiHdo] At 4.9% Fd=Aet. 2012d-201549 & -
&= Brlde] B TCAFE ZHzh 1.0329) 1.03182 MPIAG W3ld] Fe3 ai%m 2831900
A Ane 9584 ARG AnEQeld 7eizlE B3l Adstdes At nlwd 7
FAAEA S Foll oM AHAFHA ANAES B st Ikl 29584 Ans B A
< Mgkl gtk FF ATeiMe WHE vkl Bud ARTY, Mua £F 55 2
R 584 o] dad Flor}

B ATE A 2099 AHelUPR FAN BT FF FuEe] A AdelHEL dd
3

AN oy

FAo]: AE|oJJEI Y, &84 Supper Efficiency DEA, DEA-BCC, Malmquist LI R]7=



Supper Efficiency DEAS} Malmquist 23 A2 243 3 - 5 Aeo|yEnde] &84 vl 17
3 %
E 120100 Sous o M
Terminal Berth Length(m) Yar(oringrea No. of QC No, of TC Thr(?rl;%h)p e

SSICT 3000 1486000 34 108 7550082
SGICT 2600 1418000 26 82 6600326
SPICT 900 278000 11 42 2151300
SIPGZCT 1984 1080200 26 74 5820932
SECT 1437 920000 16 48 3226145
SMCT 2258 1192000 26 87 3411677
Yidong 1641 611000 13 33 2319279
SCT 4090 1000000 33 105 4516595
CCT 3138 1020000 37 108 5061462
YICT 6390 3730000 74 200 10666759
KBCT 1500 804000 15 34 2372698
PNIT 1200 384000 9 28 1220233
PNC 2000 416000 16 52 3280016
HJNC 1100 283000 12 42 24426306
HPNT 1150 246000 11 38 1988675
NBSCT 1258 700000 18 58 3651221
NBCT 900 400000 11 39 2106810
Gangji 1700 900000 20 60 3959185
YDCT 1710 615000 20 50 2402552
CMICT 1500 800000 14 39 1920547
QQCT 6563 4620000 74 193 13961157
GOCT 2100 2030000 30 64 4230572
GNICT 1820 1080000 25 60 5260801
TPCT 2300 1800000 23 58 2613755
FICT 1202 350000 12 31 2180188
TCT 1223 530000 14 38 2170168
TACT 1100 562000 11 33 2330081
TOCT 1138 450000 10 21 1250955
DCT 1846 585000 14 41 2736422
Guojigangwu 3036 1348000 26 60 3314192

Z*]: Chinese and Korean Ports & Terminals' Official web site; 3=&Ha-F¢ 3], 20123 3vHE-F44H])3 3} China Port
Association(2013), “The Statistics of Chinese main port container terminal throughput in December 2012," China Ports,

Vol,269 No.1, 44-451

1) Qr, gz, Aste], A 20131d-2014d Apo]of
2 AR HoIQANE AA] Bels A ko] ohd RS Alel%h HPNTE ODCY 30,000m2 3713k

23 WEste] Al A9 S vICTe| o=

e o

7,885m(2014d 7)%)
Arfede BE

AZIE ez QLTS QQCIU Hudes stz Fgtsto] Aelsh 3498 GNICTHIEL HixolA A2lske 8530
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I 2 20134 Folvis A AEHS

Terminal Berth Length(m) Yar((;lngrea No. of QC No. of TC ﬂlﬁ%ﬁp e
SSICT 3000 1486000 34 108 7611422
SGICT 2600 1418000 26 82 6753337
SPICT 900 278000 11 42 2246028
SIPGZCT 1984 1080200 26 74 6054742
SECT 1437 920000 16 48 3286028
SMCT 2258 1192000 26 87 4633547
Yidong 1641 611000 13 33 2560482
SCT 4090 1000000 33 105 4279464
CcCcT 3138 1020000 37 108 5135732
YICT 6390 3730000 74 200 10796113
KBCT 1500 804000 15 34 1744861
PNIT 1200 384000 11 30 1747306
PNC 2000 416000 19 57 3299457
HJNC 1100 283000 12 42 2375614
HPNT 1150 246000 11 38 2391889
NBSCT 1258 700000 18 58 3806152
NBCT 900 400000 11 39 1877317
Gangji 1700 900000 20 60 4194930
YDCT 1710 615000 20 50 2806407
CMICT 1500 800000 14 39 2065818
QQCT 6563 4620000 74 193 14981634
GOCT 2100 2030000 30 64 4500721
GNICT 1820 1080000 25 60 5731633
TPCT 2300 1800000 23 58 2851317
FICT 1202 350000 12 31 2300922
TCT 1223 530000 14 38 2300754
TACT 1100 562000 11 33 2400387
TOCT 1138 450000 10 21 1351349
DCT 1846 585000 14 41 3477992
Guojigangwu 3036 1348000 26 60 3286326

Zx]: Chinese and Korean Ports' & Terminals' Official web site; 3tmaatEF¢ 3] 2013\ F9+E7F34| 83 China Port
Association(2014), “The Statistics of Chinese main port container terminal throughput in December 2013", China Ports,
Vol.270 No.1, 33-34,
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Supper Efficiency DEAS} Malmquist A A<= &

E 3 20144 Selss o MEds

Terminal Berth Length(m) Yar(cringrea No. of QC No. of TC ﬂlﬁ%‘ﬁp e
SSICT 3000 1490000 34 105 8100018
SGICT 2600 1418000 30 72 7101700
SPICT 900 278000 11 42 2373619

SIPGZCT 1985 1080200 26 73 6173682
SECT 1437 920000 16 48 3451595
SMCT 2258 1192000 26 87 5164888
Yidong 1641 608000 14 35 2705579

SCT 4090 1000000 33 105 5065753
CcCcT 3138 1020000 37 108 4769889
YICT 6390 3730000 74 200 11672798
KBCT 1500 804000 15 34 2190665
PNIT 1200 384000 11 30 1712728
PNC 2000 525000 19 61 3895202
HJNC 1100 283000 12 42 2467741
HPNT 1150 246000 12 38 2552383

NBSCT 1258 700000 18 58 3656287
NBCT 900 400000 11 39 2020014
Gangji 1700 911700 20 60 4700419
YDCT 1710 615000 20 50 3214879
CMICT 1500 800000 14 39 2500916
QQCT 6563 4620000 74 193 16624400
GOCT 2100 2030000 30 64 4650736
GNICT 2053 1080000 31 60 6036557
TPCT 2300 1800000 23 58 3009771
FICT 1202 350000 12 31 2569599
TCT 1223 530000 14 38 2410381
TACT 1100 562000 11 33 2610926
TOCT 1138 450000 10 21 1451073
DCT 1846 585000 14 41 3787813

Guojigangwu 3036 1348000 26 60 3746954

Zx]: Chinese and Korean Ports' & Terminals' Official web site; 3tmaatE7¢ 3] 20143 2734 83; China Port
Association(2015), “The Statistics of Chinese main port container terminal throughput in December 2014,” China Ports,
Vol,271 No.1, 47-48.
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I 4, 20154 Sl ol At
Terminal Berth Length(m) Yar((;lngrea No. of QC No. of TC ﬂlﬁ%ﬁp e
SSICT 3000 1490000 34 105 8251088
SGICT 2600 1418000 30 72 7156005
SPICT 900 278000 11 42 2508121
SIPGZCT 1985 1080200 26 73 6280525
SECT 1437 920000 17 48 3702350
SMCT 2258 1192000 26 87 5673781
Yidong 1641 608000 14 35 2808462
SCT 4090 1000000 33 105 5189535
CCT 3138 1020000 37 108 4760131
YICT 6390 4170000 81 222 12165687
KBCT 1500 804000 15 34 2018571
PNIT 1200 384000 11 30 2420860
PNC 2000 525000 20 66 4296220
HJNC 1100 283000 12 42 2555966
HPNT 1150 246000 12 38 2320661
NBSCT 1258 700000 18 58 3316347
NBCT 900 400000 11 39 2061167
Gangji 1700 911700 20 60 5000508
YDCT 1710 615000 20 56 3621627
CMICT 1500 800000 14 39 2709827
QQCT 6563 4620000 74 193 17340000
GOCT 2100 2030000 30 64 44806626
GNICT 2053 1080000 31 60 5757635
TPCT 2300 1800000 23 58 3009882
FICT 1202 350000 12 31 25702306
TCT 1223 530000 14 38 2411240
TACT 1100 562000 11 33 2611365
TOCT 1138 450000 10 21 1451065
DCT 1846 585000 14 41 3792156
Guojigangwu 3036 1348000 26 60 3858621

Z]: Chinese and Korean Ports' & Terminals' Official web site; 3t=aatEF¢ 3] 2015\ =734 83 China Port
Association(2016), “The Statistics of Chinese main port container terminal throughput in December 2015,” China Ports,
Vol,272 No.1, 43-442)
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