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Measuring the efficiency of container terminals using
Data Envelopment Analysis
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O ABSTRACT O

Container terminals are different in the degree of service for container ships, which
increased recently and especially in the Mediterranean, also differ in use of the amount of
inputs required for operational process, which create the problem of declining technical
efficiency of container terminals Mediterranean. Therefore, the researcher measured the
efficiency (12) a major container terminal in the Mediterranean in 2010, using the Data
Envelopment Analysis (DEA). Where the inputs: Number of quay cranes, and space of
terminal, and the output was the annual throughput of containers. The practical results
showed that the rate of technical efficiency — (CRS) was 49%, while the rate of technical
efficiency — (VRS) 69.3%. Tangier container terminal achieved the best level of technical
and scale efficiency, While Mersin, Algeciras, and Tartous achieved the technical
efficiency only, while remaining terminals did not achieve any efficiency, Therefore
advisable to reconsider in their used inputs to improve their efficiency.

Keywords: Containers Terminals (CT), Data Envelopment Analysis (DEA), Technical Efficiency
(TE).
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'Valentine, V. F¢ Gray, R. The Measurement of Port Efficiency Using Data Envelopment Analysis,
Proceedings of the 9" World Conference on Transport Research, Seoul, South Korea, 22-27 July.
Cullinane, K¢ Song, D¢ Gray, R. A stochastic frontier model of the efficiency of major container
terminals in Asia: assessing the influence of administrative and ownership structures. Transportation
Research Part A, No. 36, 2002, pp. 743-762.

* Lie-Chien, L¢Lih-An, T. Application of DEA and SFA on the Measurement of Operating Efficiencies
for 27 International Container Ports, the Eastern Asia Society for Transportation Studies, Vol. 5, 2005,
pp- 592 - 607.
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4Cullinane, K; Teng, W. Data envelopment analysis (dea) and improving container port efficiency,
Elsevier Research of Transportation Economics, Volume 17,2007, p.p, 517-566.

*SoonHoo, S¢JaeJon, K¢ Geon C¢ Do-Kwan K. Efficiency Analysis and Ranking of Major Container
Ports in Northeast Asia: An Application of Data Envelopment Analysis , International Review of
Business Research Papers, Vol.17, No.2, 2007, pp. 486 — 503.

SCarlos, BsKhader, A ‘Eragqi, A. Efficiency of Middle Eastern and East African Seaports: Application of
DEA Using Window Analysis. European Journal of Scientific Research, ISSN 1450-216X Vol.23 No.4
(2008), pp.597-612.
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"Cullinane, K; Teng, W. The efficiency of European container ports: A cross-sectional data envelopment
analysis, International Journal of Logistics: Research and Applications Eastern and East African
Seaports: Application of DEA Using Window Analysis. European Journal of Scientific Research, ISSN
1450-216X Vol.23 No.4 (2008), pp.597-612.

8Yongrok, c. The efficiency of major ports under logistics risk in northeast Asia, Asia-Pacific. Journal of
Operational Research, Vol. 28, No. 1 (2011) 111-123.

130



Tishreen University Journal Eco. & Leg. Sciences Series 2013 (8) 23!l (35) alaall 4y gilllg L0la@Y) aslell @ (4385 daals dlas

Al cladyally Atlad) Al ¢y CNEAY g 4L (1) Jsaa

e sl all DA <aBaay)
A ala A Jalaill o L Tl 80 jaa
aalid e iglia aliia Aalidg Valentine and Gray, (2001)
aliia = alida dalis, Cullinane and Song and Gray, (2002)
Al iglia 4liia Aalidg Lie and Lih-An, (2005)
= = = = Cullinane and Teng, (2007)
_ felia _ _ SoonHoo and JaeJon and Geon and Do-Kwan,
(2007)
= = = = Carlos and Khader and Eraqi, (2008)
= = = = Cullinane and Teng, (2011)

daldl dlae) 1 jaaall

sl O e lne o linl Tl () el A3y 3 cbnad) duhay Al Al o g
o A alldY) (e Aabidal) dualaY) Adlaiall o8 Apasad of b AL AaY) cluhall e (alids ag
LA clls ihae adge woat asfin Ll ) ALEYL adlig deall By bl glagl) G
agiall laly cilgla cilhaaad 3o &I ddajla e ughiyhg

:alglal) clasa

alyslall cllane selay G5 W ) allall st o Unsale Dyght (gyall Jiil g Uad 2gs
Lo 5] ity Loty ol o linall 8 Leiled 50 clyglal) sy of Sy i) olinall e Calias )
iy o Ji5 & ey Byl 358 S ddaadll ) el die cililal) o Jaadlid clglal) dase iy
leisS clglall dlane Tpaal el Lay caalall by lise ) Josd o ) 13Sa5 (A Ahaa ) ga1 Jis
il lslal) clhae lilee of (NIL, 2008) ) (555 bl sawiall sl Jall Aluds 3 dagall Ailal)
Al Caa)ll G Glisladl sy diaad (e Gl Lalall Glilead) s DA (g)a0s , i) Clidae 1 )
oAl claluy Cana)ll o clglall do lble Gua)ll cila e B gl sl dillee
) Lienss Leanns leesi o gl sanma (SU 3 e ) ity Jiatis o) lilee s (Sallyy
Jiatiy L Alsdl Sllaes L5 AY) leieny ) Lo saley o Al Aeally A5l clehay) Jlaial
GA 3y Uil i clialal) daulys Dy Sllall daae My e Zaslilly 8paliall lglall doasig Uiy
o) e laiiulg ilatinally

14141 B¢ L)

gl Slayaall (o dniiye Gl iad e 3piall Wl 4l 5.l (Farrell, 1957) <ajay
Gl el ) (Adaall) saaliall cils dall G Laly 4l 5ol Canll Cagays DA (e dalial)
;3 lull AL Technical Efficiency (TE) dudll 3ol ast Caypaill Cavag o (432a1))

. = il

(170) o Ll TE 32U, 4 ladl) Zala)) V) iy § A$50 calaal) Zoall AabY) Jis Vi) dam
LISl dal) 3o S (el il aal (e clilall Calie Jilas bl yiay

131




Desg ¢ shile ¢ 5l Ul Calie Jalat Coglud alasinly cilyglall cillase 3 Ll

:DEA cllad) calia Jalas

Sl i 8 byl daeyd) o aded ) AaledU ) e bl Calie Jidad ey
sl ) 3] Apalel) (us) aaasy Ty (ge Jsl (Farrell, 1957) siimgs i lisad) asamy o Lo sl gasaall
(Afriat, 1972) Jie \ Gfialdl o Q8 220 (3301 lulad) amy (e Gl ) ol Dla 1957 e b
O Y Sl e CGalaaYly algall aaats hl dpalyl) daapdl adiad Byl sgEl ol (Boles, 1966)
Calie Jilaty ey L 1s2la 3l (Charnes et al., 1978) Ji (1« 1978 ale ia sla ol K6V ola
.(DEA) i)

axall dhe ld (aliEl W) aegll hise (Charnes et al., 1978) ~s&l 1978 e &
(Banker et al., 1984) & 1984 e 4 <l 235 ,CRSContestant Return to Scale 5 e s3;
VRSVariable Return to 4 cajes, il aaall dlge b 8 el Jlat e W ) z3gaill jglaty
de genal JiaY) zyiall aatl Adadl) Ayl aasiias sl asly bl Calie st (sl Caypan (K45 Scale
Caseda o adingg ,laasll odgd t=dl) BN Sle ol alldy 7Y 8 dglinadl @l Gl jiay A

tlaa ol
tob LS )8 dlasl sany gl 36l aaa sI(Farrell, 1957) asas gl 50 LSl gy v
t
Zr=1(urYrj) )
— =W (2)
iz, (Vixij)
i=1,2,3,....,m r=1,23,....... t
Jsasgll e Tz yAall S 1Yy Gladal) aae ot eMaad) axe 1M ol G
i d;JAH ua.;a;A“ u))“ HA'A C)Mu uaaa;.q“ u))l‘ :Jur Bh}“ uA| d;JA]\ 4\:\405 X'J
o 0sSE OhE M sas I of e pan s, sl Aty ddg jeall dpalay) dyyhl) v

8 e sl 038 Lgait Al Cilasdiall e JBY) o g $0aS 7 ) (5580 Ayl 3oy oo Uaia) 13) e
VoSl BiaS i€ 1) 58S Bangl) (65,5 AY) Al (e ol B0 (s OB (e

3 Lehdas iy Apagdan ) Al saay IS Ageail) 3o iSU (gaae (puliie gz ity bl Calis s iy
e Al 36 W Ccld Aylay) claagdl W LT = Galie oAbl duanall 3o & cld Aoy claagl) Joass
. VRS ; CRS L jladgai (uliall 13¢ls ,aaldl) e Ji ol o Jiaaid 44l

:CRS i) aaall xilge zigal

pladiuly DDAl ang 3ol Clua &g ,culll) aaall Milse #3000 s (Charnes et al., 1978) Ll
P e iy g li€ (uld aly 40 5 )8 Mad) sas IS8, cailly <V sl 73l ddanlsy ,CRS — DEA
)y i) Gulall 138 zanys (2) AaLadl ADL 385 DA e ) clapid) pues o Gl
DEAP saliyy alasinl ddalussy il e Jseanl) iy, duplall <ot ZlaY) Ll Clasy s 55504

132



Tishreen University Journal Eco. & Leg. Sciences Series 2013 (8) axall (35) alaall 4 6lélls 0la@¥) aslall @ (43388 Zrala Alaa

VRS iall aaall dijge #igal

o S aag adlgl) (8 o) B Lalaal (gt 8 ) Jeat Laxic Laié Buky CRS (al i) o
sl A of ol e s disall 25y Al e AdldlS Alaal) oda (Bt (e IS aid G5l
L @y (Banker et al., 1984) 75l 131 . Ly cilajiall A 3ol G il o 85 pually ad cBland)
Sle Jsasll 2uy ,Scale Efficiencies (SE) duaaal) sl o b by W oy m3galll 124 oz L)
.DEAP C.ALJ)J e\m\ idalu g 5 ydilaa Cj\_u]\

:dtanal) B L))

) S oo callis CRS A5l anall dilge (385 Lyguenall TE L) 50 U cilayy o) Jill oSy
DEA Gl 3k e ¢lld Gauayy  Adlall 4l 3ol s ) asny S8l cdpenall 30U axe ) a5ay
Al dudl) 3o el s Gm (38 2 1) ad (Bichou, 2008) (s -lwss Sl e VRS 3 CRS (345
O Aaaall 3ol axe Glua (Say .Scale Efficiencies (SE) duas 801 axe 280 ) ey ellb olé
Ops -CRS i) aasll dilge (385 4l 50l VRS aiall anal) dilge (385 Aall 56 iU Auil) 3500
alhas

CRS — VRS ciliaia (1) Js&

Y
A
CRS - VRS
°
A ........... .ﬂ..- ..... ° P
P2 /P1
L]
> X
0

S CRS gl A i ¥ &) VRS CRS il ai P adasall of Gilad) JSall e Jaadly

¢t VRS i CRS (plaall aa) o ddaad) gsd5 dla 85) cuadsalll Gis oS e daae 48 ,(VRS

Sle lehine P2 5 VRS e ( latinl s ji5all) Wil P sl Jiws P1 o Jliie) ey, (scaS dlass

pe U VRS 7 oy Lo \PP2 4Ll aie jimy CRS 33 8ol ane jlads ol 5 0 ,CRS

dag Jic P1P2 Zilually Lpeaall 3.1 aae Jiay PIP2 aaadll (g @il PP ddlusally i 50l
EEPECN | BIAEN TS

133



Desg ¢ shile ¢ 5l Ul Calie Jalat Coglud alasinly cilyglall cillase 3 Ll

Y] DL A5l Caill 038 e ) S

TEcrs = AP,/AP )
TEVRS = API/AP (4)
SE = AP,/AP, (5)

170 G il 386 A3l chisa) aens

uand) Cyida

asse dalues ,cauayll adlyy s tlay Glslal) e EBlaae o Guulad aliae sl o
Gblall sday cbglall ddasa ye LJAM Agliall @lglall aae i) 88 Glsjaad) sl e Ll clslall
Jsanll (e 4 W sle daal 4 2010 aladl Hlial &, cils ddly elaadl Luwaly 2010 bl s34k
asid) () sl s Gillass aaY daeas Glily e

Slo Glglall Gllass Gilasia b 5l COEAY) Btk Canag 8 ST meiall e dind) adiey

onlie s Ly Tacay Lty L Daaw 00 e el o iy, Agalitia A Lgalatind (e o)l

ol Faanall bl cdiline pilias (e lgle Jpmnll 28 45l lily & lgaes 2 ) clillly DAY
.(YEARBOOK, 2011) saaixall dysiaad) cilyysall ,[17] saeiall 45 7SN ol sall

i) aalina

o3 dpaal s dawsidll anl) adl Gass b deld Glgla ddaae 12 e Gl adine 05Sg
(Cullinane et al., cuay laugdl mdl (s B lglall 8V Q) Joliw 13,8 Sllasl
aall sany Ml DEA ety alall Ll (pli Giny Chysie D clysla daae 12 o6 2007)
A AR LS Al a3V

MAX [m x's, 3(m + s)l<N (6)

il e Jieg s Lodlaad e Jiom Llaaall e Al asal S8V sl N i) Saa

Giae 1y [2 X1, 3(2+1)< 12

~lajdally el ail dlaay) Glialsall (2) 6y dsaad) Cous

134



Tishreen University Journal Eco. & Leg. Sciences Series 2013 (8) 23!l (35) alaall 4y gilllg L0la@Y) aslell @ (4385 daals dlas

Ga) cifpiial Libany) cilialsall (2) Jsis

Gl AN | Aad LS | ded aal Tors 5l el Ll )
784250.1927 2810242 38043 1195109.5 1262260.75 Y
8.189054039 27 2 8.5 11.83333333 X,
40.33612017 1622 25 525 63.91916667 X

SPSS aladiuly ,daldl dlae) 1 juadll

:AdBliad)g geilidt)
Gy (DAl alailly lajaall cufi Jla sag) (JAY) Lasall laaly \DEAP maliy aladiuly

BLaYL el lhad G pedl (385 Al 50U o 235 (3) il s o(VRS) 5 (CRS) aise
onall ile Ziny SE dganal) 5l o5 )

VRS ,CRS _2isai (385 55Ul o gilii (3) Jsoa

Al dia SE TE VRS TE CRS Gl dase | Julis
32l i 0.796 1.000 0.796 by 1
3l i 0.841 0.459 0.386 Ll 2
3l i 0.854 0.364 0.310 U4 58 3
3l i 0.865 0.875 0.757 D asa Y 4
3l i 0.961 0.323 0.311 ) sia 5
3l i 0.985 0.367 0.361 4,05 6

s 1.000 1.000 1.000 daik 7
dailiia 0.696 001.0 0.696 il penal) 8
3l i 0.779 0.789 0.615 gy 9
3l i 0.600 0.581 0.349 48U 10
Bl yia 0.074 1.000 0.074 ishyh 11
3l i 0.405 0.556 0.226 J puilad 12
- 0.738 0.693 0.490 Jazall

DEAP _lo alaeVL ,cualdl dlac) @ jaadll

rEelidl) Jalas
s Ay Gilegane EDE L) Lol 4ulin cony Sllasd) 58 astin (3) o8y ol Jsaall (e

tleaal

e dpanally 4l 50D (38a5 g3l G Jad dnile ilsla ddase Jais 1(1) de senall

add 2 adl) 5o LSl (33 Ally , (Gushasl s Gshsal) s (ispe) Gllase Jalilg 3(2) e sandl
VR o(Usmlad AADUN gy A3slin i, Do Qs 1 alied) illass Jadily 1(3) de sandl)
Ageaall S 4 5o (e g g8 (gl (B
1(1) deganall illaaa Jylas
ot & ially Sl aaall e (385 Al el (33 Aaila Cilisla ddana of (4) 85 Jsaadl G
g ond Yl 3aiy lgie saliia) 45 Y 5l o Amils cDlane of Lol dasy Vs Asenall L) Gia

135



sty ¢ shadle ¢ jals

Ul Calie Jalat Coglud alasinly cilyglall cillase 3 Ll

b Lot 3L A Ll DAl 8 sal) o daw o Gl Al lgal aaall Aey 558l Gllasdl)

Llaall
daik ddase il (4) s
A 4 il £3sa
Aaaall 3.1 il ?AAJ‘ ) g Culil) e_aaj\ RY| Y=
%100 %100 %100 3oLl A
aaall dle Jaagiuall Aol Jaagiuall Aol JauluY) Aasl) <) yaaidll
al 2058430.000 2058430.000 | 2058430.000 | (s yiall) by lall 2ae
8.000 8.000 8.000 (1 daadl) a8l 5l 2o
40.000 40.000 40.000 (2 J3aal) Aaludll
Y 2l % (o= g ) el a5l cldasdll
DEAP _lo alaeWh ,dualill dlac) 1 jaadll
:(2) dsganall cillaaa Julad
Glsla dlase LA K Apesal) g0 Al 5eUSl Fia3 Lol Jaad desead) o34 laaa (o
e skl

toushyh clygla Aaaa—
1 = e liSy i) aaall dlse (385 i) 30U (38a3 Guglayla Cilisla ddasa O (5) o) Jsaad)
Y @iy, %7.4 L e li cualy 3 culill aaal) dilge (385 Al 30 LI 333 Y Ll ¥),%100 Loy 6
o oAl i LS el e gl (1,159 = 0.841 — 2) Jlaiay gdly)ll alasind & Lailé paais
= %100) e gsil) 3 AnlSe) Lggal o iny 1385 .(24.261 = 0.739 — 25) iy clalisd) alasin
(24.261) lsiay claluall aladind (s Glldy zEY) e JieY) asall 33 s (%92.6 =%7.4
iaae & il aaall dhe Jla 8 dmapell Alasdlly sasly dadly loiey adly)l) aladin) (i, HUSa
G oS Ly Gilme cOad) sal) A JS o i a3l aaall Ae ) WS Ldaih gl
e sanall (& ubpaal) Gligla Aasay (uspyn Glsla Aasd 43l (ushyl Gilysla ddaas Jidads ila i)
O 8 saly) Ao JS o) e Ny aaall Ao (el Alage 3 & Gulymal) Gligla dhae o V) (2)

i) e B A L) i

caghyb A gilii (5) g

JE il 23 e

Leaall 5l | i) aasdl wilge | Cllill aaall il ge
%7.4 1.000 %7.4 5s &l da
sl Al Taginall Gl Tongiveall Aedll | Aoy el S yiall
8l yia 38043 38043.000 38043 (Cla i) ) clball sae
2 0.841 2 (1 J3a2dl) gl 5l e
25 0.739 25 (2 Jaadll) Zalod)
Y %1.8 daika % (0 o 5l ) el a5l cildasdll

DEAP _lo aldeWh ,dualill dlac) 1 jaadll

136




Tishreen University Journal Eco. & Leg. Sciences Series 2013 (8) 23!l (35) alaall 4y gilllg L0la@Y) aslell @ (4385 daals dlas

1(3) dssanall cillana Judas

Glsla ddase HLES) S Aenal) 3 H of Al 5oLl 38a3 Y Ll i de sandll 28 Chllasa )
Sl 38y Al 5ol 383 Y 4D Slsla dse o (6) Ay Jsaall G Aesenddl ge Ve DU
= 2.094 — 6) laiay adls ) aladin) & (@il aniis WY @lld; L%34.9 Lo liS il 3 Culill aaal)
b amapal) Aanally ,(56.531 = 10.469 = 67) lsiar claluall alasiuly (=il axains W LS ,(3.906
Slse 3y Ayl 5o laCl (38a3 Y AADU) Clygla dase o LS LAk Glygla daae & il aaal) dle s
= 3.487 = 6) Lltiey adlyyl) alasia) b ailh o LY elldy,%58.1 gl iy 3 ¢ i) aaal)
AlKa) Lgaal el (38.282 = 28.718 — 67) liiey lalusal) aladinly (aild axiis ol WS L(2.513
iase & il asall dhe Ja b Lpaad) Cllasdly (%41.9=%58.1-%100) oy ausill
B33 lgasd anall Ale o L ,%24.8 Ly dails ilysla dlasas %75.2 dasty (sghayla Cilsla

LB Unaa @il (6) Jin

SR s 0 s

Leaallsele€ll | il aasll dilge [ culill anal) il e
%60.0 %58.1 %34.9 5s &l da
axalldle Jaagioal Gl Jaagioall Gl Aaulay) ) & yuiiall
5l yia 538765 538765.000 538765 (Sla il ) b glall sae
3.487 2.094 6 (1 Jaxall) gél 5 )l axe
28.718 10.469 67 (2 Jadll) ALl
%75.2 s sk sk %26.2 iail % (0 g ) 5l ) Lee il caal sl illasll
%24.8 iail

DEAP _lo alaeVU ,cualdl dlac) @ jaadll

il gilly cilalitiad)
o llanall Gl DA ualic b caall Gmisall uliay 3l Cilpige (e 5alia) .1
(7) o) o) Jpanll easy LS VRS 5 CRS adsai (35 didl 36 LS (3in

Glbaall et A Calgl) Gadisl) \ika (7) i) Jgin

GBadatl Caal oll (za8ddl) Hlasa ol (el Hlasa
VRS z3sai (38536l Tl (385 e leSl) (guaacl dasdl)
CRS
dalid) adl gl 2o dalid) adl gl dae
0 5.228 1.02 s e 1
32.457 7.513 36.837 8.367 Ll 2
57.275 9.546 66.716 10.343 CHsR 3
4.118 3.243 8.027 4.005 DY 4
124.224 14.89 157.821 15.164 ) sin 5
65.62 19.327 66.19 19.438 4L 6
0 0 daik 7

137




Desg ¢ shile ¢ 5l Ul Calie Jalat Coglud alasinly cilyglall cillase 3 Ll

0 0 23.891 12.078 Ol ) 8
7.194 1.265 17.556 2.3104 S5m 9
38.282 2.513 56.531 3.906 48330 10
0 0 24.261 1.852 sk h 11
19.959 3.056 38.231 4.646 J suslad 12

Galdl slae) @ aadll

e Ayre Ay, el Jaladl i) cues 3331 ae DEA bl alaainly Al @lul cha) .2
bl dase JSU a3l e Al 3o S puea

& Glsla dhae K ) cllaaddl B e sl @Bl Aala Glily 332l 2ga 590 .3
dlid) daadiY) lglall cilland el A jla o Leadse aaail @l g Javgid) jadll (aga

Gllaa Al clhss e dpadl (el Jae & DEA sl dlasinly oAl ciluly cla) 4
Aalall iliad)

138



Tishreen University Journal Eco. & Leg. Sciences Series 2013 (8) 23!l (35) alaall 4y gilllg L0la@Y) aslell @ (4385 daals dlas

10.

11.

12.

13.

14.
15.

16.

17.

raalmal)
Afriat, s. "Efficiency Estimation of Production Function" International Economic
Review, vol.13, No. 3: 568-598, 1972.
BANKER, R; CHARNES, A; COOPER, W. Some models for estimating technical
and scale inefficiencies in data envelopment analysis, Management Science, 1984,
Vol.30 No.9, 1078-1092.
Boles, J.N. (1966), “Efficiency Squared - Efficient Computation of Efficiency
Indexes”, Proceedings of the 39th Annual Meeting of the Western Farm Economic
Association, pp 137-142.
BICHOU, KH. A benchmarking study of the impacts of security regulations on
container port efficiency, Imperial College London, Ph.D, 2008. P. 57.
CARLOS, B; KHADER, A; ERAQI, A. Efficiency of Middle Eastern and East
African Seaports: Application of DEA Using Window Analysis. European Journal of
Scientific Research, ISSN 1450-216X, Vol.23, No.4, 2008, pp.597-612.
Charnes, A., W.W. Cooper and E. Rhodes (1978), “Measuring the Efficiency of
Decision Making Units”, European Journal of Operations Research, 2, 429- 444,
CULLINANE, K; TENG, W. Data Envelopment Analysis (DEA) and improving
container port efficiency. Elsevier journal, Research of Transportation Economics,
Volume 17,2007, pp. 517-566.
CULLINANE, K; TENG, W. The efficiency of European container ports: A cross-
sectional data envelopment analysis, International Journal of Logistics, Research and
Applications, Vol. 9, No. 1, 2006, pp. 19-31.
Cullinane, K¢ Song, D¢ Gray, R. A stochastic frontier model of the efficiency of
major container terminals in Asia: assessing the influence of administrative and
ownership structures. Transportation Research Part A, No. 36, 2002, pp. 743-762.
FARRELL, M. J. The measurement of productive efficiency. Journal of the Royal
Statistical Society, Series A, Statistics in society, No. 3, 1957, Vol. 120, pp. 253.
LIE-CHIEN, L;LIH-AN, T. Application of DEA and SFA on the Measurement of
Operating Efficiencies for 27 International Container Ports, the Eastern Asia Society
for Transportation Studies, Vol. 5, 2005, pp. 592 — 607.
NIL, G. Containerization and terminal area requirements. Ph. D. Istanbul Technical
University, Maritime Faculty Tuzla 81716, Istanbul, Turkey. ISSN 0554-6397 UDK
656.615:621.798.1 (Received): 07-2002.
SOONHOO, S; JAEJON, K; GEON, C¢ DO-KWAN, K. Efficiency Analysis and
Ranking of Major Container Ports in Northeast Asia: An Application of Data
Envelopment Analysis , International Review of Business Research Papers, Vol.3
No.2 2007, pp. 486 — 503.
YEARBOOK 2011, Containerization International.
YONGROK, C. The efficiency of major ports under logistics risk in northeast Asia.
Asia-Pacific Journal of Operational Research, Vol. 28, No. 1, 2011, pp. 111-123.
Valentine, V. F¢ Gray, R. The Measurement of Port Efficiency Using Data
Envelopment Analysis, Proceedings of the 9" World Conference on Transport
Research, Seoul, South Korea, 22-27 July.
www.worldportsource.com

139



