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Abstract

Port infrastructure systems are facing an increasing number of disruptions such as global
trade growth, increasing vessel sizes, the impacts of climate change, shifting demands and
new jobs, and new constraints. As a result, this research develops and verifies a port
resilient infrastructure decision model based on the decision-makers point of view of
different ports in Europe and the Middle East as well as the Advisory Center of the Ports &
Logistics which represents the private sector, the aim of the study is to determine the most
important criteria that enhance port resilient infrastructure. Thus, the research will help in a
better understanding of the port’s resilience infrastructure effect on the sustainable
prosperity of both social and economic aspects while considering the environmental
situation by balancing four major aspects: physical, environmental, economical, and
digital. The research used the methodology Analytical Hierarchy Process (AHP) to analyze
the model, the necessary data used in AHP was collected using a questionnaire.

The results indicate that there are some variations in views and expectations among the
decision-makers in the different ports, where European ports consider that the physical
criterion represented in planning and design is the most important criterion for enhancing
the resilience of the port’s infrastructure, while the ports of the Middle East consider that
enhancing the economic criterion represented in the efficient use of resources will enhance
the resilience of the port’s infrastructure, while the Advisory Center for Ports and Logistics
consider (representative of the private sector) that enhancing the digital criterion
represented in digital optimization will help strengthen the port's resilient infrastructure.
Therefore, the global priorities of all responses were integrated to determine the common
global priorities of each of European ports, the ports of the Middle East, and the private
sector. The results showed that planning & design, and efficient use of resources is the
most important criteria for port resilient infrastructure that can be used in developing port
infrastructure strategies and plans. While ecological-friendly infrastructure and technical
innovation appear not to have a significant impact on ports’ infrastructure resilience.

Also, sensitivity was analyzed to see the extent of the impact increase of the local weights
on global priorities. Where the results showed the stability of global priorities in most
cases when compared with the initial results, except for some minor effects on the order of

global priorities, which can be bypassed, so the results can be considered acceptable.



Based on decision-makers' responses from the questionnaires, the magnitude of benefits
(economic, social, and environmental) resulting from the resilient infrastructure projects
implemented in the ports are from high to very high. This will encourage stakeholders to
invest in this type of projects.

Planning & design has been applied as the most important priority to enhance the port
infrastructure resilient on the Aden Container Terminal and compared with the proposal
submitted by the Aden Port Authority, where the result of the comparison was our proposal
has a larger storage capacity, longer berths, and a greater number of ships compared to the

proposal submitted by the Aden Port Authority.

Vi



Table of Content Page

ACKNOWIEAGMENTS ...ttt be et e e teesbeeneeaneenaeas iv
N o151 1 - (o] SRS %
Table OF CONTENT ......ocieece et ste et enneenes vii
LISt OF TADIES ...t X
LISE OF FIQUIES ettt e et e e e e be e eesbaeaneas Xi
LiSt OF ADDIEVIATIONS ....c..iiiiiiiiieieee et bbbt Xiii
1. Chapter ONE: Introduction
1.1 BACKGIOUNG. .....eiiiiiiieieie sttt bbbttt ettt bbbt b 1
1.2 ProbIem STAteMENT.........coe et sr e e 3
1.3 IMportance Of the STUAY .......coviiiiec s 5
1.4 AIMS N0 ODJECTIVES......ooieeicceee et e sre e 5
1.5 TRESIS OULIINE......eeiie ettt e ste e e s e e saeenaesreesreeneens 7
2. Chapter TWO: Literature Review
2.1 POt INTIaSIrUCTUIE ...ttt 8
P20 00 R T oo [0 Tod o o I RSSO 8
2.1.2 POrt iNfraStrUCTUIE SEIVICES .....cveiieiieeieeiie e eie et ste et sreeneennee s 9
2.1.3 Factors Influencing the Port infrastruCture ... 10
2.1.4 Port infrastructure Performance Evaluation ............c.ccoooviiiiieniiie s 14
2.2 Flexibility in Port INfrastruCture ..........oove it 16
2.2. 1 INTFOAUCTION ..ttt bbb 16
2.2.2 Flexibility Attributes and TYPES ....ccvoiiiiiiiiiieieie s 17
2.2.3 Incorporating flexibility in infrastruCtures ... 18
2.3 Sustainability in Port INFrastruCtUre...........cveiiiiii e 22
2.3 L INTFOAUCTION .ottt bbb e 22
2.3.2 Sustainable Development and Its DIMENSIONS .........cccovvevieiiereeiesie e see e 24
2.3.3 Sustainability Applications in Port INfrastructure ............cccooeveeienienieie e 27
2.4 ReSIHENt INTraSIIUCTUIE .......ovieieceie et enee s 29
o R oo [0 Tod 1o RSSO P PP 29
2.4.2 The application of Resilient Infrastructure in the Port..........ccccoooeveviviiiieieenns 31
3. Chapter THREE: Data collection & Analysis
K I8 AV [ g To o (o] [0 V2SSOSR ORTPRN 34
3.1.1 Data CollECTION .....ovieeiiiiieceeee et 35

vii



3.1.2 EXpert ChoICe SOTIWAIE ......cc.eciiieiic et
3. L.3 ANAIYSIS ..ot a et e aa e naeea e e e reeneens
3.2 Port resilient infrastructure MOGel ............ooveii i
B2 L PRYSICAL ...
3.2.1.1 P1anning and AESION ......coueeiueeieiie ettt
3.2.1.2 Reclamation MAaterial..........ccovvrueiiieniiiiieieie e
3.2.1.3 Resilience against climate Change ...........cccocviveiieie e
3. 2.2 ENVIFONMENTAL ..o
3.2.2.1 Reduction Of POHULION........coiiiiiieeee e
3.2.2.2 ECOSYStEMS MANAGEIMENT.....cciiiieiiiieiiieesiee e siee e sie e b e s nrae s sneee e
3.2.2.3 Ecological friendly iINnfrastruCture ............cccocveveireie s
3.2.3 ECONOMICAL ..ottt steesee e saeeneenreenneeneens
3.2.3.1 Public-private Partnerships...........coeririiiiieieniesiesie e
3.2.3.2 FINANCING 1.ttt ettt et e e te e st e e ba e s nbeenreennnaans
3.2.3.3 EfICIENt USE OF FESOUICES ...vevveiieieiiesiesieeiee e
B2 4 DIgItAl ..o ettt e e sre s
3.2.4.1 Digital OptIMIZALION ........c.oiiiieieiie e
3.2.4.2 AULOMALION ...ttt ettt et ne e b e
3.2.4.3 Technical INNOVALION .......cocuiiiiiiiiiiee e e
4. Chapter FOUR: Results & Discussion
g (TS | € PSSR
4.1.1 Local weights for criteria and SUD-CIIteria.........cccueviiirieeiinie e
4.1.2 The global priorities for EUropean POorts.........cccvovveiieiieevie s
4.1.3 The global priorities for the Middle East POrtS...........ccccoveveeieiveveccie e
4.1.4 The global priorities for the private SECTOr ..........ccvvvieeiieiiiieseere e
4.1.5 SENSITIVILY @NAIYSIS ..ot
4.1.6 ReSPONSES INTEQGIAtION .....ccvieiiiieiee ettt re e sae e reenreas
4.1.7 The benefits from Resilient infrastructure projects ........cccccvevevvevviieve e,
O B T oL U] o] USRS
5. Chapter FIVE: A case study(Application on Aden Container Terminal)
oI A 111 oo 0 od o] o ISR
5.1.1 General information about AdEN ...
oI Ao L] T o USSP SSPRRN
5.2.1 HiStOry OF AGEN POIT......oiiiiiiiiiiieieie e bbb



5.2.2 Importance Of AN POIt.........oiiiiiieiie et e e 79

5.3 Aden Container Terminal (ACT) ..ooveii i 79
5.3.1 The existing StatuS OF ACT .....cciiiiiiireieee e 79
5.3.2 Aden port authority proposal to develop ACT ..o 83
5.3.3 A new proposal to develop ACT ... 86
5.3.4 Comparison between proposal Aden port and our proposal............cccccvevevverieannnns 91

6. Chapter SIX: Conclusion & Recommendations

G I @0 g Tod 11157 o] o PSPPSR 94
6.2 RECOMMENAALIONS ..ot e st e sbe e e sneesreeneeeneea 96
8.3 FULUIE STUIES ...e.vetieieetieieie ettt sttt e bbb sbenne s 96
(271 o] FToTo =1 o] /2SR 97
APPENAIXES ..ttt b b a bbbttt b bbb nre s 101



Table No.

2.1

2.2

2.3

3.1

3.2

41

4.2

4.3

4.4

4.5

5.1

List of Tables

Title Page
Seaports: services and infrastructure considered essentials............................ 10
Summary of performance indicators suggested by UNCTAD........................ 14
Layers of the port system and desirable attributes......................coooiiii, 20
Saaty's scale for importance COMPAariSON.............ovviiriiiiiiiiieieeiieeeeanne. 55
RI Values for different sizes n of the comparison matrices............................ 57
The local weights of the differentitems...............coooiiiiiiiiii 61
Global priorities of EUropean ports............cooveiiiiiiiiiiiieieee e, 65
Global priorities of Middle East pOrtS...........coieiiiiiiiiiiceeeeea 68
Shows the projects of resilient infrastructure implemented in the ports............. 72
Responses of ports regard benefits resulting...............cooooiiiiiiii i, 72
Comparison between of a set of criteria for the two proposals........................ 91



Figure No.

11
2.1
2.2
2.3
24
2.6
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
4.2a
4.2b
4.2¢
4.2d

4.2e

List of Figures

Caption Page
Flowchart to achieve the main aim of the research ............ccccooviiiieiiececs 6
Port system and external TOrCES . ........cccuoieiiiiiiiieer e 13
Three-layer infra model 0f @ POrt .......ccovviiii i 19
The three pillars of port sustainability . .........ccccoviiiiii i 25
Four dimensions of port sustainability ...........c.ccooiiiiiiini e 26
17 Sustainable Development G0als (SDGS) . ....vcveieiiiinieieieneeeee e 29
Basic information for reSPONAENtS. .........ccceoveeiiie e 36
The logo of the expert ChOIiCe Program. .........cccceevieiiieeiiee s 37
Main Interface of Expert choice V11 program . .....ccccccceveeeiieesieesinesneescieesneee e 37
Port resilient infrastructure decision model. ..o 40
Placement of fill MALErialS . ..........cooiiiiiiee e 42
Operational platform level of 5m above MSL in Tuas Port — Singapore ............... 43
The top 10 environmental priorities of European ports for 2018 . ...........cccceeeeiene 46
Reef transport operations from the area in which the port is established ............... 46
Coordination and acceleration of port operations using digitization....................... 51
Automate port equipment for yard systems and gates..........cccocevveevierieeieeneeseeene. 52
Bay stations for automatic stacking crane operations at the Port of Antwerp . ....... 53
Global priorities of the port 0f ANTWEIP. ....cccvveiiiiiie e 63
Global priorities of the port of Marseille. ........cccoovviiiiiiic 64
Global priorities of the port of GENOA. .........ccecviviiiiciicc e 64
Global priorities of the port of Valencia (The first response). ........cccccoeevieieenneene. 64
Global priorities of the port of Valencia (The second response). ........cccoeevevvvevenne. 65

Xi



Figure No.

4.3a
4.3b
4.3c
4.3d
4.3e
4.4
4.5
4.6
5.1
5.2
5.3
54
55
5.6
5.7
5.8
5.9
5.10
5.11
5.12

5.13

List of Figures (Cont’d)

Caption Page
Global priorities of the port of AleXandria. ...........cccooviiriiiiieie e 66
Global priorities of the port of Aden (The first reSPoNnse). ........ccocvvvvevverviinieeieniens 66
Global priorities of the port of Aden (The second response).........cccceverervereeneenne. 67
Global priorities of the port of Damietta (The first reSponse). ........ccccceevvvivvveienine 67
Global priorities of the port of Damietta (The second response)...........c.ccocevvernene. 68
Global priorities of the ports & logistics advisory Centre...........ccvevveevieiieereenenene 69
Sensitivity analysis results for the port of ANtWerp . .......ccoceieiiiiieiciecce 70
Integrated global priority Of €leven POrtS .........ccocviieiiiiiiiice e 71
LOCAION OF ATEN. ... 77
MAP OF ABN ... 78
Geographical and ideal location for the port of Aden. .......cccovevviiviiie e 80
Navigational Information about the port of Aden ... 80
The existing status of the Aden Container Terminal............cccccooviiiieieninicienen, 81
Aden Container Terminal (ACT) with container handling facilities....................... 82
Aden port authority proposal to develop ACT ..o 85
Consolidation of Terminals in 0Ne [0CALION ...........cociiiiiiieieee e 87
Adopting a Fingers-pier Configuration of the Tuas port.........cccccoceeveeiiceenceeiieneenn. 87
TyPiCal CAISSON SLIUCTUIE ......veiieeeieeeie ettt sttt ee e nee e sneeenee s 88
Container terminals for Jebel Ali POIt........ccoooiiii i 89
The master plan for the development of the port of Aden........cccccoeviveiiiiiiiiinins 90
Our proposal to ACT develop (FINQErS PIEIS). ...ccvveiieeiieeeiieeiie e seeestee e e sree e 92

Xii



Symbols
ACT
AECOM
AFSCA
AGVs
AHP

Al
AMP
APP
ARMG
CFS
CHE
Cl

CIS

CR
DGPS
DGNSS
DP
DRR
EDI
EMS
ESPO
EU
FCD
GHGs
GM
GNSS
GPS
GRI
HDVs
ICT
IMO
loT
IPMS
ISO

List of Abbreviations

Nomenclatures

Aden Container Terminal

American Engineering Company
Asian Freight and Supply Chain Award
Automated Guided Vehicles

Analytical Hierarchy Process

Artificial Intelligence

Alternative Marine Power

Adaptive Port Planning

Automatic Rail-Mounted Gantry cranes
Container Freight Station

Cargoes Handling Equipment
Consistency Index

Commonwealth of Independent States
Consistency Ratio

Differential Global Positioning System
Differential Global Navigation Satellite System
Dubai Ports

Disaster Risk Reducing

Electronic Data Interchange
Environmental Management Systems
European Sea Ports Organization
Europe Union

Floating Car Data

Greenhouse Gas

Green Marine

Global Navigation Satellite System
Global Positioning Systems

Global Reporting Initiative
Heavy-Duty Vehicles

Information and Communication Technologies
International Maritime Organization
Internet-of-Things

Integrated Ports Management System

International Organization for Standardization

Xiii



List of Abbreviations (Cont’d)

Symbols Nomenclatures

IS Information Systems

IT Information Technologies

ITSs Intelligent Transportation Systems

KPA Kenya Port Authorities

LPR Laryngopharyngeal reflux

MCDA Multi-Criteria Decision Analysis

MPA Maritime and Port of Singapore Authority
MSL Mean Sea Level

NIAC National Infrastructure Advisory Council's
OCR Optical Character Recognition

OGVs Ocean-Going Vessels

OSITRAN Organization Supervisory for investment in infrastructure transport
PIS Port Infrastructure Systems

PIANC World Association for Waterborne Transport Infrastructure
PLA Port of Los Angeles

POLA Ports & Logistics Advisory

PoR Port of Rotterdam

PSA Port of Singapore Authority

RDL Royal Decree Legislative

RFID Radio Frequency Identification

RI Randomized Inconsistency

RTGs Rubber Tire Gantry cranes

SDGs Sustainable Development Goals

STS Ship-To-Shore Cranes

TEUs Twenty-foot Equivalent Units

TOS Thoracic outlet syndrome

ULCvV Ultra Large Container Vessels

UNCTAD United Nations Conference on Trade and Development
UN United Nations

usS United States

WPSP World Port Sustainability Program
WLAN Wireless Local Area Network

YPA Yemen Ports Authority

Xiv



Bibliography

Aden Ports Development Company (2021) Aden Container Terminal. Aden.

Adshead, D. et al. (2019) ‘Delivering on the Sustainable Development Goals through long-term
infrastructure planning’, Global Environmental Change. Elsevier Ltd, 59(March), p. 101975. doi:
10.1016/j.gloenvcha.2019.101975.

Alanbay, O. (2005) ‘Erp Selection Using Expert Choice Software’, ISAHP July 8-10, 2005, (47),
pp. 1-14. Available at:
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.579.9207 &rep=repl&type=pdf.

Alho, T. et al. (2018) ‘Designing future-proof container terminals’, Kalmar International & Rebel
Group.

Bhatti, O. K. and Hanjra, A. R. (2019) ‘Development prioritization through analytical hierarchy
process ( AHP ) - decision making for port selection on the one belt one road’, 12(3), pp. 121-150.
doi: 10.1108/JCEFTS-04-2019-0020.

Boulos, J. (2016) ‘Sustainable Development of Coastal Cities-Proposal of a Modelling Framework
to Achieve Sustainable City-Port Connectivity’. Elsevier B.V., 216(October 2015), pp. 974-985.
doi: 10.1016/j.sbspro.2015.12.094.

Business, H. and Sdn, S. (2017) ‘Decision Making Using the Analytic Hierarchy Process (AHP); A
Step by Step Approach’, 2, pp. 244-246.

Chen, J. et al. (2020) ‘Network evolution of logistics service effect of port infrastructure in coastal
China’, IEEE Access. IEEE, 8, pp. 46946-46957. doi: 10.1109/ACCESS.2020.2975364.

Chen, Y., Wei, Y. and Peng, L. (2018) ‘Ecological technology model and path of seaport
reclamation construction’, Ocean and Coastal Management. Elsevier, 165(August), pp. 244-257.
doi: 10.1016/j.ocecoaman.2018.08.031.

Cho, H. and Park, H. (2017) ‘Constructing resilience model of port infrastructure based on system
dynamics’, International Journal of Safety and Security Engineering, 7(3), pp. 352-360. doi:
10.2495/SAFE-V7-N3-352-360.

DP WORLD (2021) Services and facilities available at Jebel Ali Port,
https://www.dpworld.com/en/uae/services/ports-and-terminals/jebel-ali-port.

Duchin, F. (2017) ‘Resources for sustainable economic development: A framework for evaluating
infrastructure system alternatives’, Sustainability (Switzerland), 9(11). doi: 10.3390/su9112105.

EBEIDO consulting civil engineers (2007) Port of Aden Master Plan. Alexandria.

Erdogan, S. A., Saparauskas, J. and Turskis, Z. (2017) ‘Decision Making in Construction
Management: AHP and Expert Choice Approach’, Procedia Engineering. Elsevier B.V., 172, pp.
270-276. doi: 10.1016/j.proeng.2017.02.111.

Ferndndez-Sanchez, G. and Rodriguez-Lopez, F. (2010) ‘A methodology to identify sustainability
indicators in construction project management - Application to infrastructure projects in Spain’,
Ecological Indicators, 10(6), pp. 1193-1201. doi: 10.1016/j.ecolind.2010.04.0009.

Flor, L. and Defilippi, E. (2003) ‘Port Infrastructure: An access model for the essential facility’,

97



Maritime Economics and Logistics, 5(2), pp. 158-178. doi: 10.1057/palgrave.mel.9100075.

Frantzeskaki, N., Wittmayer, J. and Loorbach, D. (2014) ‘The role of partnerships in “realising”
urban sustainability in Rotterdam’s City Ports Area, the Netherlands’, Journal of Cleaner
Production. Elsevier Ltd, 65, pp. 406—417. doi: 10.1016/j.jclepro.2013.09.023.

Gonza, M. (2008) ‘Reforms and infrastructure efficiency in Spain ’ s container ports’, 42, pp. 243—
257. doi: 10.1016/j.tra.2007.08.006.

Grainger, A. (2019) ‘Port resilience: a primer’, (January).

Hakam, M. H. and Wei, D. S. (2009) ‘On flexibility and sustainability in container ports’, 2009
IEEE/INFORMS International Conference on Service Operations, Logistics and Informatics, SOLI
2009. IEEE, pp. 417-422. doi: 10.1109/SOL1.2009.5203969.

Heilig, L. and Vo8, S. (2017) ‘Information systems in seaports : a categorization and overview’,
Information Technology and Management. Springer US, 18(3), pp. 179-201. doi: 10.1007/s10799-
016-0269-1.

Hidalgo-Gallego, S., Nufiez-Sanchez, R. and Coto-Millan, P. (2021) ‘Strategic interdependence in
capacity expansion: A spatial analysis for port infrastructure services’, Transportation Research
Part A: Policy and Practice, 143(October 2020), pp. 14-29. doi: 10.1016/j.tra.2020.11.012.

Hossain, T., Adams, M. and Walker, T. R. (2019) ‘Sustainability initiatives in Canadian ports’,
Marine Policy. Elsevier Ltd, 106(May), p. 103519. doi: 10.1016/j.marpol.2019.1035109.

Hosseini, S. and Barker, K. (2016a) ‘Computers & Industrial Engineering Modeling infrastructure
resilience using Bayesian networks : A case study of inland waterway ports’, COMPUTERS &
INDUSTRIAL ENGINEERING. Elsevier Ltd, 93, pp. 252—-266. doi: 10.1016/j.cie.2016.01.007.

Hosseini, S. and Barker, K. (2016b) ‘Modeling infrastructure resilience using Bayesian networks:
A case study of inland waterway ports’, Computers and Industrial Engineering. Elsevier Ltd, 93,
pp. 252-266. doi: 10.1016/j.cie.2016.01.007.

Lalla-Ruiz, E., Heilig, L. and Vo8, S. (2018) ‘Environmental Sustainability in Ports’, Sustainable
Transportation and Smart Logistics: Decision-Making Models and Solutions, pp. 65-89. doi:
10.1016/B978-0-12-814242-4.00003- X.

Lim, S. etal. (2019) ‘Port sustainability and performance : A systematic literature review’,
Transportation Research Part D. Elsevier, 72(April), pp. 47-64. doi: 10.1016/j.trd.2019.04.0009.

Mansouri, M., Nilchiani, R. and Mostashari, A. (2010) ‘A policy making framework for resilient
port infrastructure systems’, Marine Policy. Elsevier, 34(6), pp. 1125-1134. doi:
10.1016/j.marpol.2010.03.012.

Molavi, A., Lim, G. J. and Race, B. (2019) ‘A framework for building a smart port and smart port
index’, International Journal of Sustainable Transportation. Taylor & Francis, 0(0), pp. 1-13. doi:
10.1080/15568318.2019.1610919.

Molavi, A., Lim, G. J. and Shi, J. (2020) ‘Stimulating sustainable energy at maritime ports by
hybrid economic incentives : A bilevel optimization approach’, Applied Energy. Elsevier,
272(June), p. 115188. doi: 10.1016/j.apenergy.2020.115188.

Molina Serrano, B. et al. (2018) ‘Classification and prediction of port variables using Bayesian
Networks’, Transport Policy, 67(April 2017), pp. 57-66. doi: 10.1016/j.tranpol.2017.07.013.

98



MPA Singapore (2020) CONSTRUCTING A RESILIENT PORT OF THE FUTURE The World ’ s
Single Largest Container Port.

Mutombo, K. and Kuroshi, L. (2019) ‘A new approach to assessing port infrastructure resilience to
climate risks and adaptive solutions prioritization’, (December).

Mutombo, K. and Olger, A. (2017) ‘Towards port infrastructure adaptation : a global port climate
risk analysis’. WMU Journal of Maritime Affairs, pp. 161-173. doi: 10.1007/s13437-016-0113-9.

Othman, M. K. et al. (2019) ‘The Sustainable Port Classification Framework for Enhancing the
Port Coordination System’, Asian Journal of Shipping and Logistics. Elsevier B.V., 35(1), pp. 13—
23. doi: 10.1016/j.ajsl.2019.03.003.

Pérez, 1., Gonzélez, M. M. and Trujillo, L. (2020) ‘Do specialisation and port size affect port
efficiency? Evidence from cargo handling service in Spanish ports’, Transportation Research Part
A: Policy and Practice. Elsevier, 138(June), pp. 234-249. doi: 10.1016/j.tra.2020.05.022.

Peter, B. (2019) ‘Financing Climate-Resilient Infrastructure’.
Russell, H. R. (2020) ‘Methodology for Quantifying Resiliency of Transportation Systems’.
Saaty, T. L. and Vargas, L. G. (2013) Decision Making with the Analytic Network Process.

Schipper, C. A., Vreugdenhil, H. and de Jong, M. P. C. (2017) ‘A sustainability assessment of ports
and port-city plans: Comparing ambitions with achievements’, Transportation Research Part D:
Transport and Environment. Elsevier, 57, pp. 84-111. doi: 10.1016/j.trd.2017.08.017.

Smith, C. S. et al. (2020) ‘Coming to Terms With Living Shorelines : A Scoping Review of Novel
Restoration Strategies for Shoreline Protection’, 7(June). doi: 10.3389/fmars.2020.00434.

Song, L. and van Geenhuizen, M. (2014) ‘Port infrastructure investment and regional economic
growth in China: Panel evidence in port regions and provinces’, Transport Policy. Elsevier, 36, pp.
173-183. doi: 10.1016/j.tranpol.2014.08.003.

Taghizadeh-Hesary, F. et al. (2021) ‘Quality infrastructure and natural disaster resiliency: A panel
analysis of Asia and the Pacific’, Economic Analysis and Policy. Elsevier B.V., 69, pp. 394-406.
doi: 10.1016/j.eap.2020.12.021.

Taneja, P. (2013) The Flexible Port. Available at:
http://www.narcis.nl/publication/RecordID/oai:tudelft.nl:uuid:a9f0c128-d4c3-41a2-8790-
13aec89dca63.

Taneja, P., Ligteringen, H. and Walker, W. E. (2012) ‘Flexibility in Port Planning and Design’,
12(12), pp. 66-87.

Taneja, P. and Vellinga, T. (2018) ‘Towards Sustainable Port Infrastructure Through Planned
Adaptation’, PIANC-World Congress Panama City, Panama 2018, p. 13.

Taneja, P., Vellinga, T. and Ros, R. (2014) ‘Role of flexibility in sustainable port development’,
Topics in Safety, Risk, Reliability and Quality, 24, pp. 41-53. doi: 10.1007/978-3-319-02493-6_4.

Tsao, Y. C. etal. (2019) ‘A multi-objective mixed robust possibilistic flexible programming
approach for sustainable seaport-dry port network design under an uncertain environment’,
Transportation Research Part E: Logistics and Transportation Review. Elsevier, 124(September
2018), pp. 13-39. doi: 10.1016/j.tre.2019.02.006.

99



Tsao, Y. C. and Thanh, V. Van (2019) ‘A multi-objective mixed robust possibilistic flexible
programming approach for sustainable seaport-dry port network design under an uncertain
environment’, Transportation Research Part E: Logistics and Transportation Review. Elsevier,
124(September 2018), pp. 13-39. doi: 10.1016/j.tre.2019.02.006.

Tseng, P. H. and Yip, T. L. (2020) ‘An evaluation model of cruise ports using fuzzy analytic
hierarchy process’, Maritime Business Review, 6(1), pp. 22—48. doi: 10.1108/MABR-01-2020-
0004.

Twrdy, E. and Zanne, M. (2020) ‘Improvement of the sustainability of ports logistics by the
development of innovative green infrastructure solutions’, Transportation Research Procedia.
Elsevier B.V., 45(2019), pp. 539-546. doi: 10.1016/j.trpro.2020.03.059.

Ugwu, O. O. and Haupt, T. C. (2007) ‘Key performance indicators and assessment methods for
infrastructure sustainability-a South African construction industry perspective’, Building and
Environment, 42(2), pp. 665-680. doi: 10.1016/j.buildenv.2005.10.018.

Wang, Z. et al. (2017) ‘Port sustainable services innovation: Ningbo port users’ expectation’,
Sustainable Production and Consumption. Elsevier B.V., 11(February 2016), pp. 58-67. doi:
10.1016/j.spc.2016.08.002.

World Ports Sustainability Program (2020) World ports sustainability report 2020. Available at:
https://sustainableworldports.org/reference-documents/.

Yang, Y. C. and Ge, Y. E. (2020) ‘Adaptation strategies for port infrastructure and facilities under
climate change at the Kaohsiung port’, Transport Policy. Elsevier Ltd, 97(July), pp. 232-244. doi:
10.1016/j.tranpol.2020.06.019.

Yemen Gulf of Aden Ports Corporation (2021) http://www.portofaden.net/en.

Yunus, R. M. et al. (2013) ‘Expert Choice for Ranking Heritage Streets’, Procedia - Social and
Behavioral Sciences. Elsevier B.V., 101, pp. 465-475. doi: 10.1016/j.sbspro.2013.07.220.

Zhang, Y. et al. (2017) ‘Optimal sustainable life cycle maintenance strategies for port
infrastructures’, Journal of Cleaner Production. Elsevier Ltd, 142, pp. 1693-1709. doi:
10.1016/j.jclepro.2016.11.120.

Zhuoyi, S. and Ct, W. (2008) ‘Masterplan of Jebel Ali Port’.

Zwakhals, J. ., Taneja, P. and Ligteringen, H. (2012) ‘Quay wall design for an uncertain future’,

Proceedings of 8th International Conference on Coastal and Port Engineering in Developing
Countries (COPEDEC 2012), lIT Madras, Chennai, India, (May), pp. 1550-1560.

100



&
£\l e
sl
44ﬁﬁﬂw$y

7! Ny bz glgisily polald 3 ol uonals Y1

oty A wigll S

DN

A@w

£ U1y sl s il B

o laadd 4 pod [ Ao A 3 i Adliseod ! gl | Obglal Wy

alos|

ol pos dilius yos

1y o Oldbiite JLaiu (5,50l il Lorolgislly poleld Ayl dung 31550 Rookio Lo
EandPondy
<
£ Ul Al | i

Sl s
S M g - oo Slolsr 05T 5.1
#Udly dupdd! dwskis o 5 polone Lo gIgasilg dwnigll AlS™ s
o 1gadl andastig Ao Ludl Awigl! 3Ll
berglgasly Awuigll A7
Sl il L glgisilly polall 4 il Ay Y|
a0 gy sy |

2022




Cald) ) 2|
S5 o)l g maladl W jiuae dgaat ot a8 Aa )l ol B 531 o) Aalad) Sl ol B

aSay Al ) 028 ¢ gandaa (1l g <5 A Aale A o gl (Ao Jgaall pala e Allu
Aadilal) dgal) i A 1Y B g palls Gl A g daldl) dald) ¢ )

Ly gl ge Aae e )

B850

f




dL8LA) assail) dial 4l 3
Loy page dlas e

2022/3 /21 il LEiale Adlel oda Addlia a3
dall) glilac

AL e (98 pdiall B ALY

128 i) ) Gladuassi o) )
() gal) Jadads g Atalia) dusigl) i

Lpapalsy) — L gl gisill g duaigh) 4408 vuee

. e " 48,03 o)

— o) Jalll g L ol 9iSil) g o plall Ay 2l s
4y paisy)

FpA| G daaa Ciugy 2 1)

_;m\jw\hﬁhﬁé — palaa
A ad) LpapalSY) — La gl piill 5 Auuigh A0S AR o)
LuaSay) — (g uaal) JAil 5 L ol giSal g o glall
1y aSaal) 3L

CX)%/ :@sﬂ\ $ b daaa Cpal) ala A 1)

4l 3 gall 59 e pmall g o) Ania i
GO Audia and (i) — Gl g Mg 4l gl
LSy el — duaigh dds —Wlgpaglly T T

ik —
D lon Jon Lken 1R Oy o oyl e
csalle — Laallal) 4 a) daaladl — 0 dd 4.
s 1A o)
1 gl P DV NPT B B PO

Qas — () gall Jasdad g Agtabid) Auaied) M
A a) Apagals¥) — Lin gl gl 5 duuaigh) A8 1A&E gl)
LAy — (gl Jil g L ol 9iil) o glall

I ek Assaly Ala ) oda ce gl




el

coandl alaad 32l 5y diallall 5 ladll gei Jie bl jlaiayl (e o e Tae (30 sall Agiail) i) dakail 4al 53
Zasal (e BEa) Caadl 138 8 oy el At Bagaad) 5l 5 il gl y cldlall iy Flid) el il
o W1 3l 5 Ly sl (B Adliall () gall (Bl ) aila et dga () 1L elisall 45yl dgiadl) A}l 8
aal ot Al Caan el gl ey (A At ol landll g (0l sall (g liiuy) S el Gl
L pall dgincl) Al Al Juadl agd 8 Cad) 138 ae by ¢ Jull s eliall 45 pall dgiacll ) §3e5 ) el
Ayl Ll A e Al gl Ble) jo e galiaBYly celaial) Cpailall alvinall Sy o eliall
(AHP) sl e el Judodill dolee aladin) Candl (8 o Aped )l g pabai8 5 Al g dpalall A ) il s
alatinly Adagiuall Lalall cileladll s ) saly Hal Clanal e lgran a3y A ccbld) Jidadl diagiag
Oy

Cun Adlidall (il sall (& ) A (gaae o laB il hail) Cilgay & Sl (ang 2 ea s ) @) s
Ly s Lipall Al Al 4550 sl mpanaill g Japdadiill 3 Jiaiall (galal) Jlmall e 45530 (50 sall S5
) A5 pe w3 sall Jladll alasiu¥) 3 Jiciad) goba®yl jlead) a5 of Jan ¥ Gl () se 55
Shaall 558 O (Gala) gl Jlae) i sl 5 (3l sall Ol Y] S 5e el cpa B celisall dgadl)
allall i 515V JalS o3 el plinall 45 yall dginl) Aial) 3y 3a3 e deLuspas 4368 )1 (ppand 8 Jialall a8 )
g Uil g Jass V1 AN (a5 Ang sV (A sall (e JSTAS ikl dpallal) il gl 6¥) mpaatl SllainY) aenl
eligall 45 el Al 4l juleal) aal o) gall Jladl) alaaiull s apanaill 5 Jagladll o gl @ ekl | alal)
Anall dgatl Al o san Y Ly ¢ sall Agiatll Al Jalad 5 o) i) skl (B Lealadind (S il
o sall Al Al A5 ye e a8 il N ISy 5 Al

il @ el Cum Apallad) il Y1 e Adaall 35V 525 il sae A8 e dpuliall Qi 5 Lal
i e daglall HEY) ey oliiuly gl Y1 il Lenlie v Yl alies 8 dalladl <y 1081 ) i)
A g @il o) i) ey 13 eo ) slat (S (525 Apallall iy 15

83 45 el Aiatl) i) a jliie e Al (Al s dpelain ) 5 gabati ) il sl late (8 celly ) Adayly
il (e g il 13 8 jlaiuy) e daliad) Claal @lly aaidin Taa dglle ) Ale () sall B

¢ ially Al 5 2o iy gla Aase 8 sliall dginill l) A5 5 50 5yl 4 5l 5) aalS apenal y Jadadil) guda o
O Sl aae 5 skl Adia i ¢ ST o A0 das gl Uiad) 58) o &5 laall dais CailS G (a0 ¢line 458 (e adiall

e slise A (g adiall = sially 4l i)



	Prioritizing of different criteria for the enhancement of port resilient infrastructure
	تحديد أولويات المعايير المختلفة لتعزيز البنية التحتية المرنة للموانئ

