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Gonzalez, M. M., & Tryjillo, L. (2009). Efficiency measurement in the port
industry: A survey of the empirical evidence. Journal of Transport
Economics and Policy, 43(2),162.
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Charnes, A., Cooper, W., Lewin, A. Y., & Seiford, L. M. (1997). Data envelopment analysis theory,

methodology and applications. Journal of the Operational Research society, 48(3), p.40.
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Cooper, W. W., Seiford, L. M., & Zhu, J. (Eds.). (2011). Handbook on data

envelopment analysis, 15.
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Cooper, W. W., Seiford, L. M., & Zhu, J. (Eds.). (2011). Handbook on data

envelopment analysis, 140.
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Coelli, T. J. (1995). Recent developments in frontier modelling and efficiency

measurement. Australian Journal of agricultural economics, 39(3) 233.
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Cooper, W. W., Seiford, L. M., & Tone, K. (2006). Introduction to data
envelopment analysis and its uses: with DEA-solver software and references.

Springer Science & Business Media, 9.
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2017 ale 22.894 W gisy) ol ¢l e hall ) Ghels Jsaag 4a¥ 1y daulindl Ciglall daim
o B3l e 353y 24.655 &l 3 2019 ale 4l an ol ) aiy) S (18) U<l b LS
e (psd) Jasll) Galall gl ae AL Jsaa oY) Dlaly 2010 ple ae il

. el
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= ) all (sl Dl Ty N e

el Gl Jee (el Haadll

UNCTAD. (2020). Port liner shipping connectivity index, annual . Retrieved
from UNCTADSTAT:https://unctadstat.unctad.org .

¢13) Beli€ i) (Ao yise 135 LSCI Jlae b 5 Aoyt i open 38 Gl o Gl (5
0o L33 LS. 2010 ple e @dall Jaandill djaty Ghall oo 2a dals 4d)al) (Jlsal)
I dead a5 85 3.680 iy 2006 ale Bhall B Sl Ll sdse OIS 22 = Jeaal
Bl 8 sl bl aladiul dlasdl deall @l olal @iy 2019 Hle b 24.655
YV Ldgis Al bRl il illy andl) 3 daall lanally YY) aladin) A cbilea)
&b Boskiie duig Sl dakil aladin) e Slad Cially (lsall ¥ dulsall disaall Glilkie e
@Y Gandll e Yoy ailiadl pasd & Usadl sigal alatiuly ailiadl deyliey Gl ol
G AL gl Jall Jlae b il (6 Lalled) @IS gg 58 dsia o 3 sl

aliiall (gl Jaill daghaald dallal) ISl e Lgalanil agasl A8)all ¢ 5lgall Juids
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2019 « 2006 i L)) 550
Rank LSCI 2006 LSCI 2019
1 100 | China 151.9094 | China
2 | 83.87763 | China, Hong Kong SAR 108.0805 | Singapore
3 | 82.800936 | United States of America 105.1143 | Korea, Republic of
4 | 79.773158 | Singapore 93.801 | Malaysia
51 79.245505 | United Kingdom 90.00179 | United States of America
6 | 77.135205 | Germany 89.46997 | China, Hong Kong SAR
7 | 75.491392 | Japan 84.85825 | United Kingdom
8 | 70.276793 | Spain 84.21356 | Spain
9 | 68.461215 | Korea, Republic of 82.82829 | Germany
10 | 64.592485 | Malaysia 79.02059 | China, Taiwan Province of
11 60.4298 | Ttaly 72.79024 | Ttaly
12 | 60.348437 | China, Taiwan Province of | 72.55363 | France
13 | 58.252824 | France 71.48671 | United Arab Emirates
14 | 48.894031 | United Arab Emirates 71.21612 | Japan
15 | 46.597147 | Egypt 66.72101 | Egypt
16 | 41.131966 | Saudi Arabia 62.9705 | Saudi Arabia
17 | 40.983443 | India 58.18519 | Morocco
18 | 33.920346 | Canada 57.45248 | Turkey
19 | 31.909715 | Indonesia 55.53842 | India
20 | 30.577944 | Turkey 51.96894 | Oman
21 | 27.854408 | Australia 44.35972 | Indonesia
22 | 23.395968 | Oman 42.78971 | Canada
23 | 21.267258 | Lebanon 38.54347 | Lebanon
24 1 20.527674 | Iran (Islamic Republic of) | 38.07322 | Russian Federation
25 1 19.997569 | Russian Federation 35.76083 | Qatar
26 | 17.734133 | Jordan 34.34601 | Australia
27 | 13.664871 | Yemen 33.93098 | Jordan
28 | 12.519772 | Syrian Arab Republic 25.71392 | Bahrain
29 | 12.047623 | Morocco 24.65553 | Iraq
30 | 11.713897 | Kuwait 19.79907 | Iran (Islamic Republic of)
311 10.610126 | Algeria 14.69918 | Libya
32 ] 10.598252 | Libya 12.8111 | Algeria
33 | 8.9670351 | Tunisia 12.58489 | Kuwait
34 8.3995134 | Bahrain 9.543427 | Syrian Arab Republic
8.3792505 | Qatar 7.834615 | Tunisia
| 6.694971 | Yemen

UNCTAD ,Liner shipping connectivity ,2020: _le slaeil
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Wang et al . 2003 ) b Lo diall chpriall of e Jias : cdlaad) vaas—1
(Valentine & Gray, 2001,p4) (,p-704
52l sl i) gans ) Aagall sealiall (o Chaayll Jsh aay ¢ Chaayll Job -
gan Cna)ll Jola oy LalSé ¢ ) Jlshl & dlalall clyshailly canliy Lay dies
o ASEAgen &5 ag eaa S e Jhtuly
a Al bl alaa) Lajl eliad) & 25530 Aalud) Zuea) ola3 ¢ Aa) dalud) -
+ Agatiall 8y5ally (gridall Gandl chal ax lgailudg Lguias
Alglaial) wiliadl gojiilly adll didee 8 (55 el lgelsily cladlll 1 Cladll slacl -
) @5 ladhl) Aandg Agliall dep Y colina) Al 8l 3 laye e Dlucad
Ot Jlinls e Lae Cg g puls Lgpalie & ey sliall 3 ddall glyso Bae il
N3N
Cala) LalSs Alglall cbiglall slaely il il sl cilajdall Jiatig @ clajaa) aaai -2
LS cila el aslaet o Jrdall wla) Caagll o) 3 ) clyl cliglall dlacl
paty Hlaa) el LSl edlaadl 8 cads gl Al il e B
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clglal) Gl e du)al) ey clibd) < Lol
Alg o halael Wylid) & 8 o cbglall cilhas dia)l (o dne duhall Cwadiul
Glpd A58 6 Cuay « ACM CGM 45,5 5 Civay ) (A5 2019 4w PIA dalid) il
19,20,27 daaVls ¢ gualll 358 11 Cauay ¢ bl A0 7 Cauay ¢ agilSpis Gulasull
DAl Al Al Slglal) lanse diea)) sladial o5 85 23 = Jsaal) & LS (ICTSI dldll 4S54
Ji 0o IS gl e st )l Glglall Laadial je dia)Y) L sleiul & Gl Gl e
Ge bl due 3Ll Glacal lgads ) leadl] dapla (DAY @llyy W pnal) Janl) @ISy

C 5ol Ol (3Laily s ylallg A2 1) i paiall dasads s

- 23— Jsa
Lahall die cpaca Glglall daa )Y Arid) @I<Ha)
EIPR P CWA | slisal) s
(CGM ACM) iS4 2yl s ol sline 5
S50 Cpdasdl s A58 osiad) yead ol clise 6
Al 4S5 i) el ol clise 7
il € A8y Al juad ol clise 11
sl 3855 Al juad ol clise 14
(ICTSI) Ll 4S5 Al juad ol clise 19
(ICTSI) Ll 4S5 Al juad ol clise 20
(ICTSI) Ll 4S5 Al juad ol clise 27

ad 32,2019 Ghall ;lsal dalall <80 (goindl yp@l) Ao slae¥Wh Salll dee (1 jradll
« Byl ¢ Al duyally daaliadlg Jasadsl)

Julat aladiny Aaulay) Jag il paa Jg¥) Baclall e Gall) addie) dual) aan e o
DRy sl uld 8 DEA clild) Calae
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Auhall Jase dial) fpaa clasgll oae Jia SS o) Eus
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Slaiall ge DA se Cpn deals (gsbs 5l ) SS Ael) paa
3x1 <8
Caaajll Jola) claad) =3 ¢ (@lsladl sae) clamall =1 ¢ Glglall cilass sae = 8
(bl aae g i3al) Aalually
2019 slo clglal s byl b clajially cBEsal uoil) Liaay) : G

Aaldll 3,80 ) il el esd o) elise 3 20 Chaasll of (24) Jssal (e e
L8la dugla (264949) caly 3 Aglid)l @liglall slach Cun e (Jg¥) 455l el (ICTSI)
- lislall shae) sl e (%23.51) dons

- 24 - Jsaa

2019 dad Ghall (lsall & @lglall da)) Giladay CAAe

2 250000 137637
2 76500 183 62266
2 25280 183 10030
2 70000 376 159930
2 530920 200 226577
2 418850 200 2099
2 418850 200 264949
2 200000 300 263171

Goiall @l L(12019) - @bl sl dalad) A8 2 e aldeWL Gl dee (et jaad)
Bpadl ¢ Aalially Jaskadsl) ol ¢

131



Al ;lsal) eld) BeldS (il Gallil) Juadl)

(ICTSI) dulall 35l ) bl el jead o) elive 8 27 Cioayll dlsliall anny Wil elag
sla s (B @lglall slael Jlaal) (g0 (%23.35) Ly 28K dogla (263171) laie Liad
Agla (226577) e ol 458 I ol et b ol slie 3 14 Chaay 481G 4l

(25) Jsos & LS cilslall dacl Jleal (5 (% 20.11) sy

- 25— Jsan

Ad)jal) iliglall {lse 8 lajdally DA Ll LueaY)

12.56 13.21 12.20 ol ol
sl
3.84 9.67 5.53 ol ol
sl
1.27 9.67 0.89 ) el
I
3.52 19.87 14.20 ol el
‘?J\.uﬁ\
26.67 10.57 20.11 ot el el
‘.;Luﬁ\
21.04 10.57 0.19 el sl
‘.;Luﬁ\
21.10 10.57 23.52 el sl
‘.;Luﬁ\
10.00 15.87 23.36 ol sl
el

= 24— Jgaa sl il e slaeVh bl dae (ot aeadl)
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- A ¥ Jlghal e

- 20 - J<s
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DEA 73l Gaulail 2019 dund d8hall ilsall 8 ilglall illaadd dica)l 8 e clily aan &
Ay sl o) Bl bl 3 LAY angl)l @l Bl aaal) Nl zisa Gl A3
Boas dpad 4 clia Y Bl Lala@V) alaal () doad ol &dlal) (oloall o) (al Y
coalall o Undl pe AS5LaAIL dun (i) Jaaiall)

Data Envelopment Analysis S8l jlaay) cabibull Calie Jalad zealiy pladinl &

- oY) 8ol Cilydige il e Jpasdl Ja) e Program DEAP Version 2.1

e &dhall (Hgall Ciligls dia)) A clajially cDlasll Slas) ciasll Jiar (26) Jsaalls
o Jyanll 3 agun seb ¢ Lol bt W) Dage Jslas J<8 3 Jlasy) Caasll e
leie Btasl) Anlall unliadl DA e o o oS (sl g paad) BAURL xjuy ale Chiay
cadill Galie sl e e @A) (glnall Calaily el desill Gunlie a8 lial) Jassial)

(Wang et al., 2003,p705). i 20 Dl Slany) cadlly fail e g Al

— 26— Jsall

Gadlyal) ¢ sl Ciligla dieal b Slajially DA HlasY] il

Gladhyll 2ae | AmiAd dslul) Jsb Qe L
(asd) | (edad) | (cdaad)oia | (clasd)ebal S
2 25280 183 2099 3 J& Minimum
2 530920 376 264949 dad el Maximum
2 248800 236.5 140832 Mean _luall Ll
Std.
0 189520.6 69.071 107323 Deviatioan i)~y
Sl

SPSS _ilaa¥! malipll alasinls = 24 — Jpan cilily o slie YU Gialdl dee (o ¢ jradll
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Data Envelopment Analysis = JGI jlaa¥) clilall calie dalad maliy cidag o
By o el 5ol @it miln Ao Jsasdl Ja) e Program (DEAP) Version 2.1
elill bl hagd abAY) aagill (VRS) spaiall anall dilses (CRS) 4l aaall Nige

. 48| yall C'_'IL:IJM\ () ga ddia )Y
- 27 - d}i.é

z\:tébd\ 2;1!543\ ‘:é Ql:ajlaj\ 2\.&;@)\ lal 5l u.ﬂ:ﬁ cﬁ\lﬁ

scale Luwaall selll | VRS il aaall ¥ile | CRS cylil) aaall dile | Chaa)ll
0.946 0.593 0.561 5
0.529 1 0.529 6
0.174 1 0.174 7
1 | 1 11
1 0.855 0.855 14
1 0.008 0.008 19
1 1 1 20
1 1 1 27

DEAP C"‘“L’)" e\dﬁlwlg a‘_\;u\ Jas (et J.J.\a.d\

(11,20.27) & A< dabil 5ol ciin daa) 3D o) Juws (27) Jsaall e

3 (ICTCS) duldll Apall I olasls (20,27) Slasaylly il 355 M ol (1) Cna)lla
(VRS) syiall aaall silse s (CRS) il aasl) dlse 385 e el 5:U€ Clpige geiln il
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Lianal) 56Uy (VRS) Bxiall anall Silge z3sa1g (CRS) dnlill anall dlse = 3sai canea ALlS
2V (ggiee Cpslenny ALSD) SUSH Igiin agi) Ju los 206 ana Ao Gig e Osleny agily
slag clajdall Guiail Jie) I8 DA (e dabiall avdjlge ciulagi o 50l agaaly JiaY)
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L (e digla (32854) sae uiall aaal) Mo 6 Lot cuilly Culll anal) Nile b
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- 28 — Jsaa
2019 = 2003 ) 735l (5iad) 21,Y)

% ol gaill Jara ‘._?j\)c. Dy e / <l ) Al
- 11350 2003
1.97 33742 2004
3.14 139747 2005
0.01 141074 2006
-0.18 115819 2007
0.19 137901 2008
0.11 153150 2009
0.22 187453 2010
0.24 232902 2011
0.37 319384 2012
0.17 374754 2013
-0.07 347754 2014
-0.02 340506 2015
0.13 385648 2016
0.17 450118 2017
0.17 528493 2018
-0.08 486301 2019

Sl (2009-2003 ) hall £ el alall 3,00 1 e slieYU Galdl dae o jradl
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- 29 —Jgaa

lanl) ¢ lsal) e Aubal) el el @il s il
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Results from ( DEAP) Data Envelopment Analysis program Version 2.1
Output orientated DEA , Scale assumption: CRS

Scale assumption: VRS , Slacks calculated using multi-stage method
EFFICIENCY SUMMARY:
firm crste vrste scale
0.946 0.593 0.561 1 irs
0.529 1.000 0.529 2 irs
0.174 1.000 0.174 3 irs
- 1.000 1.000 1.000 4
- 1.000 0.855 0.855 5
- 1.000 0.008 0.008 6
- 1.000 1.000 1.000 7
- 1.000 1.000 1.000 8
mean 0.641 0.807 0.831
Note: crste = technical efficiency from CRS DEA
vrste = technical efficiency from VRS DEA
scale = scale efficiency = crste/vrste
Note also that all subsequent tables refer to VRS results

SUMMARY OF OUTPUT TARGETS:

firm output: 1
232279.586 1
62266.000 2
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10030.000 3

159930.000 4
264949.000 5
264949.000 6
264949.000 7
263171.000 8

SUMMARY OF INPUT TARGETS:

firm input: 1 2

250000.000 250.000 1
76500.000 183.000 2
25280.000 183.000 3
70000.000 376.000 4
418850.000 200.000 5
418850.000 200.000 6
418850.000 200.000 7
200000.000 300.000 8

FIRM BY FIRM RESULTS:
Results for firm: 1
Technical efficiency = 0.593
Scale efficiency =0.946 (irs)
PROJECTION SUMMARY:

variable original radial slack
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projected



value movement movement value
output 1  137637.000 94642.586 0.000 232279.586
input 1 250.000 0.000 0.000  250.000
input 2 250000.000 0.000 0.000 250000.000
LISTING OF PEERS:

peer lambda weight

0.317 7
0.527 8
0.157 2

Results for firm: 2

Technical efficiency = 1.000

Scale efficiency =0.529 (irs)

PROJECTION SUMMARY:

variable original radial slack  projected
value ~movement movement value

output 1 62266.000 0.000 0.000 62266.000

input 1 183.000 0.000 0.000 183.000

input 2 76500.000 0.000 0.000 76500.000
LISTING OF PEERS:

peer lambda weight

1.000 2
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Results for firm: 3

Technical efficiency = 1.000

Scale efficiency =0.174 (irs)

PROJECTION SUMMARY:

variable original radial slack  projected
value ~movement movement value

output 1  10030.000 0.000 0.000 10030.000

input 1 183.000 0.000 0.000 183.000

input 2 25280.000 0.000 0.000 25280.000

LISTING OF PEERS:

peer lambda weight

1.000 3

Results for firm: 4

Technical efficiency = 1.000

Scale efficiency =1.000 (crs)

PROJECTION SUMMARY:

variable original radial slack  projected
value movement movement value

output 1  159930.000 0.000 0.000 159930.000

input 1 376.000 0.000 0.000  376.000

input 2 70000.000 0.000 0.000 70000.000

LISTING OF PEERS:
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peer lambda weight

1.000 4

Results for firm: 5

Technical efficiency = 0.855

Scale efficiency =1.000 (crs)

PROJECTION SUMMARY:

variable original radial slack projected
value movement movement value

output 1 226577.000 38372.000 0.000 264949.000

input 1 200.000 0.000 0.000  200.000

input 2 530920.000 0.000 -112070.000 418850.000

LISTING OF PEERS:

peer lambda weight

1.000 7

Results for firm: 6
Technical efficiency = 0.008
Scale efficiency = 1.000 (crs)
PROJECTION SUMMARY::
variable original radial slack  projected

value movement movement value
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output 1 2099.000 262850.000 0.000 264949.000
input 1 200.000 0.000 0.000  200.000

input 2 418850.000 0.000 0.000 418850.000
LISTING OF PEERS:

peer lambda weight

1.000 7

Results for firm: 7

Technical efficiency = 1.000

Scale efficiency = 1.000 (crs)

PROJECTION SUMMARY:

variable original radial slack  projected
value movement movement value

output 1  264949.000 0.000 0.000 264949.000

input 1 200.000 0.000 0.000  200.000

input 2 418850.000 0.000 0.000 418850.000

LISTING OF PEERS:

peer lambda weight

1.000 7

Results for firm: 8

Technical efficiency = 1.000
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Scale efficiency =1.000 (crs)

PROJECTION SUMMARY:

variable original radial slack  projected
value movement movement value

output 1  263171.000 0.000 0.000 263171.000

input 1 300.000 0.000 0.000  300.000

input 2 200000.000 0.000 0.000 200000.000

LISTING OF PEERS:

peer lambda weight

1.000 8
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Abstract

The issue of port performance efficiency has received great attention from
governments, societies and research centers around the world after it became
clear that the process of economic and social development depends on collecting
all the potentials of society from the public sector, the private sector and civil
society institutions, especially since maritime transport has become a
contribution of 90 % of international trade. The study aims to measure the
efficiency of the performance of Iragi ports using DEA Data Envelopment
Analysis and other statistical methods in order to determine the efficiency of
Iraqi commercial ports before and after the participation with the private sector,
and to identify inefficient companies that used a certain amount of input and
which have unused resources in achieving the highest possible output,
identifying efficient companies that are a reference for inefficient companies.
Due to the lack of quantitative studies related to ports in general, this study, to
the best of the researcher's knowledge, is the first to measure the efficiency of

the performance of Iraqi ports using DEA.

The study variables are divided into two parts. The first part relates to measuring
the efficiency of Iraqi ports by comparing revenues before and after the
partnership with the private sector using the statistical T test during the study
period. The second part relates to measuring the efficiency of a sample of
container terminals. The dependent variable is the outputs of Iraqgi ports
container terminals (The number of containers handled), the independent
variables represented by the entries of the container berths are (berth length,
storage space, number of cranes).

The time frame for the study has been determined for the period (2003-2019) in
order to study the efficiency of the performance of Iraqi ports before

participating with the private sector, which is the period from 2003 to 2010, and



after participation with the private sector for the period 2011 to 2019, and the
year 2019 was also adopted to measure the efficiency of a sample of container
terminals due to the inability to obtain data from previous years due to the
novelty of the experiment and the lack of data availability, and its consistency
with the DEA data envelope analysis method, as it is preferable to use cross

sections instead of time series.

In order to reach the objectives of the study and complete the measurement of
the efficiency of the performance of Iraqi ports and prove the hypothesis, the
study was divided into three chapters. The first chapter to discuss is the
theoretical framework of the concepts of efficiency and performance and
methods of measuring them. The second chapter was devoted to studying the
reality of Iraqi ports in light of the experience of sharing with the private sector.
The third was specialized in measuring the efficiency of the performance of

Iragi ports using DEA data envelope analysis. The study found:

1- According to the results of the significance test of the study sample, the
revenues were positively affected after the participation with the private sector,
as the Iragi ports achieved revenues estimated at (920, 236) billion Iraqi dinars
for the period 2003-2010 before the entry of joint operating companies, while
they achieved revenues after entering the joint operation for the period 2011-
2019, by (3465860) billion Iraqi dinars.

2- The average turnaround time of the ship (the time the ship spends in the port
from the beginning of its arrival until its departure) decreased from 86.4 hours
before sharing with the private sector to 57 hours after sharing with the private
sector, but at the level of container terminals it decreased to 48 hours.

3- According to the results of measuring the efficiency of the Iraqi port berths by
analyzing the DEA data envelope for the study sample consisting of 8 container

terminals, three stations obtained full production efficiency, each of the berths



(11) belonging to the Colftiner Company and the two berths (20,27) belonging
to the Philippine company (ICTCS) as the results of performance indicators
according to constant returns to scale (CRS) and variable returns to scale (VRS)
in the direction of output were equal to (100%), i.e. complete efficiency,
meaning that these companies operate at the optimal level of production and
have the ability to optimally employ their available resources from the inputs to

achieve the outputs.
The most important recommendations reached by the study

1- Using modern tools to measure the efficiency of the lIragi ports performance,
including analyzing the data envelope DEA, and relying on performance
efficiency indicators in monitoring the port’s performance as a whole as well as

monitoring the performance of companies and identifying inefficient companies.

2- Preparing the necessary administrative and technical cadres by bringing them
in with the companies, then after the work contracts with the companies expire,
these cadres manage the terminals in order to obtain an added value as a result

of managing the stations by the General Company for Ports of Iraq

3- Rewarding efficient companies by the General Company for Ports of Irag in
order to motivate them to continue their work efficiently and follow-up

companies lagging to improve their status.
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