i?

[ Delft University of Technology

Development of Climate

Resilient Ports

Achieving Viable and Efficient
Investments in Landlord Container
Terminals

Deltares

Delft Enabling Delta Life 7-
I U D eI t University of ’
Technology

Challenge the future



enugroho
New Stamp


]
TUDelft



Development of Climate Resilient Ports

Achieving Viable and Efficient Investments in Laodl Container
Terminals

By
Erwanda S. Nugroho

in partial fulfilment of the requirements for thegtee of

Master of Science
in Engineering and Policy Analysis

at the Delft University of Technology,
to be defended publicly on Monday August 22, 2018:60 PM.

Student Number: 4418972

Chair: Dr. ir. Bert Enserink TU Delft (TPM)
First supervisor: Dr. Jill H. Slinger TU DelffiPM)
Second supervisor:  Dr. S.T.H. (Servaas) Storm Delft (TPM)
External supervisors: Dr. ir. J.C.M (Cornelis) \orsser TU Delft (CiTG)
Dr. ir. Ménica A. Altamirano Deltares
Dr. ir. Martijn P.C. de Jong Deltares

Disclaimer: The image presented on the cover pagedourtesy of Zenkoku-Kowan

An electronic version of this thesis is availabiétyp://repository.tudelft.nl/

TUDelft 4



This page intentionally left blank



Preface

This thesis is the end product of a five-month Mgstthesis project conducted at Delft Universityfechnology and
Deltares, which was initiated to contribute towadisselopment of climate resilient ports. A seridspooblem

explorations at the start of the study showed #hltck of investment in climate adaptation in péstgurrently the
main barrier to transform ports into climate-prawfes. Therefore, the research aimed to deliver ehamesm for
achieving viable and efficient investments in bintd climate resilient ports. Subsequently, thisudoent is mainly
intended for port practitioners who, at some painthe future, will need to adapt their ports tanete change to
maintain their ports operational and sustainable.

Nevertheless, in terms of writing style and contethis document aims to be conversational, simple a
understandable to general public, thus sometina@soehtes more details. In this way, non-port priacers who are
interested in climate finance can also benefit frilra outcomes of this research, although they migét less
connected as compared to port practitioners. Usiagoort sector as a unit of analysis, they coadebcouraged to
deliberate, debate and resolve the challenge d¢dibgiclimate resilient infrastructures faced bl dimate-sensitive
sectors worldwide.

This document consists of five different but intdated parts. Part | primarily describes the bamkgd, objective,
guestions and methods of the research. In Padirtiate risks, opportunities and adaptation in pare elaborated. An
assessment matrix to support system-based andatedgevaluation of climate risks and opportunif@scontainer
terminals is presented in Chapter 3. A reader Wwitdrest in conducting such assessment is higldgmenended to
visit the chapter. In Part 1ll, a methodologicarfrework for approximating the viable and efficiantestment option
for adapting a port to climate change is preserifibib part is certainly not to be missed, especiay readers who are
willing and/or required to invest in climate resiit ports. In Part IV, a discussion of which pdekeholders are
responsible for financing the viable and efficiadeptation option in a port is provided. A read&owvould like to
know how climate risks and responsibilities in adiord container terminal could be effectively alibed among port
stakeholders is encouraged to read this part.\LastlPart V, recommendations for achieving viahtel efficient
investments in climate resilient ports are delidebased on the outcomes of the research. In add#io executive
summary was prepared for those interested in s$eareh but, alas, in hurry.

Erwanda S. Nugroho
Delft, August 2016
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Executive Summary

The impacts of climate change on ports are gaimmgprtance as they could reduce the functionalftyparts and
therefore negatively affect the effectiveness obgl supply chain network. However, the need fapsidg ports to
climate change may not have been adequately ackdgeti by port stakeholders. Based on a seriesobigm
explorations, three barriers that have hinderedhtteesufficiently adapt their ports to climate charwere recognized.
Firstly, different ports require distinct climatalaptation measures as they have dissimilar clincataditions,
engineering structures and operations. In thisrcegm effective general best practice of climatepgation for ports
does not exist, such that each port is requireieatify its effective and feasible adaptation meas by itself.
Secondly, the inability to predict future climatéhwconsiderable accuracy induces uncertainty dkggrthe viability
and efficiency of investments in the measures. Asrsequence, port stakeholders could be hesgaiméance the
measures. Last but not least, the multi-stakehopdetnerships in port development and operations Had to
unclarity about which port stakeholder is respadesibr financing each measure.

This research aimed to address the three aforeomedtiknowledge gaps within climate risk managenrepborts by
delivering a mechanism for achieving viable andcegfht investments in climate resilient ports. Sadpgently, using
the landlord container terminal as a unit of arialythe following research question was construeted explored:
“Under what conditions and how can viable and ééiint investments in climate resilient ports be aebd?”

Climate Risks, Opportunities and Adaptation in Ports

The first step to ensure the viability and effidgrof investments in climate resilient ports isacknowledge the
significant climate risks and opportunities, ashasl the effective and feasible climate adaptatn@asures for ports.
By carrying out an extensive literature review,ioas climate risks and opportunities for contaitesminals were
identified. They were tabulated and then transfarinéo a climate risks and opportunities assessmeattix for the
terminals. The matrix was developed in a way sunelt it indicates which terminal sub-operations asdets are
potentially affected by each of the climate chaimgpacts and adverse weather events. Thereforeeffeetive
adaptation measures for the terminals could bemeted in an enhanced manner. The measures catbgnized by
(1) exploring relevant literature of climate addiata in ports, (2) learning from climate adaptatiplans and/or
practices in terminals that share similar climasks and (3) conducting an in-depth engineeringysto explore for
additional potential measures and evaluate thebiégsof each identified measure.

Evaluating the Viability and Efficiency of Climate Adaptation Investments in Ports
Secondly, after the effective and feasible measamesdentified, it was found beneficial to evatuttie viabilities and
efficiencies of different investment options in theasures. This research suggests that all signifetimate risks in a
port should be valued in monetary terms and inaated into the port business model. Otherwise, litairdly possible
to effectively assess the financial viabilities e measures and the financially efficient investimeption in
executing them. An exploration of financial methosigitable for performing the evaluation indicatéstt an
integration of Weather Value at Risk (Weather-VaR}l Real Options Analysis (ROA) has potential tpragimate
the viable and efficient investment option for atlagpa port to climate change.

Firstly, Weather-VaR allows significant risks to alued in monetary terms and hence incorporalite time port
business model. Secondly, after the benefits afatie adaptation in terms of reduction or eliminatid the risks are
directly comparable to its costs using the WeathaR method, ROA could be utilized to assess thbilitia of each
possible adaptation investment option. This reseproposes the Value at Risk of return on eachstmvent option to
be assessed for analyzing its financial viabilitythis way, the chance of having loss on the adagt investment can
be reduced to the risk tolerance of the investasstly, ROA is also capable of estimating the effitiinvestment
option out of the viable ones by evaluating theeetpd net present values of all viable options. dptgon with the
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highest expected net present value could be caesides the efficient one as it is most likely tdivie the highest
investment return taking into account the uncerfaiture climate. The potential of the proposed gra¢ion of
Weather-VaR and ROA has been partially confirmedabfjctitious case study on Terminal Maritimo Mesllel
Bosque. However, its generalizability could not dgtirely concluded by the research as the termives only
subjected to a single climate risk (i.e. sea |eige).

Financing Climate Adaptation in Ports

After the viable and efficient option for investing climate adaptation in a port is known, it is@limportant to
recognize the appropriate financer for each adaptabheasure. By reviewing (1) the existing conwatiprotections
against climate risks in landlord container terrhpertnerships and (2) the barriers to incorpoedtective allocation
of climate risks into the partnerships, the redeaméers that the responsible financer could beatifely determined
if the stakeholder in charge of dealing with ealoinate risk is explicitly specified in the partnkig agreements.

The assignment could be done in two complementagswirstly, all unmitigable and unmitigated climaisks can

be classified into relief, compensation, force ragge insured and uninsurable events. To ensurefthetiveness of
the contractual protections during the partnerships appropriate thresholds of likelihood and/onsequences for
each of the climate risks could also be specifiedhis way, once any threshold is reached, théraotual protection
applicable to the relevant risk can be altered twoae appropriate one through either variationeoegotiation clause.
Secondly, for all climate risks that would be métigd during the partnerships, the required climesdience levels
for each port infrastructure and operation agathstn could also be stated. Moreover, the partieshawrge of

delivering such performances and any penalty inghasethem for failing to meet their obligations dam clearly

stipulated.

By implementing the proposed actions, the stakefraldsponsible for financing each effective andifda climate
adaptation measure in a port could be acknowleddedever, although the potential of the recommeratgtbns has
been confirmed by the recent success of climaks alocation in Maasvlakte Il and a published stifie article on
the need for adaptive standards in infrastructargracting by Altamirano et al. (2015), future ra@s#h is still needed
to enhance their applicability. This is becausdrtimplementations are dependent on an accurateeffiedtive
monitoring system for the relevant threshold vdealand the achieved resilience levels, which loadeen addressed
in the research.

Answers to the Research Question
From the research findings, the following climatekrmanagement practices in ports are found beakfior
achieving viable and efficient investments in cliemeesilient ports:

I.  The significant climate risks and opportunities ports, as well as the port sub-operations and sasset
susceptible to the risks should be recognized.

II. From the knowledge of the potentially affected splerations and assets, effective and feasible aiitaypt
measures for the ports have to be determined.

lll.  The significant climate risks, as well as the dffexand feasible adaptation measures should heedah
monetary terms and incorporated into the port mssmodels.

IV. Based on the outcomes of the assessments, alifieémiimate risks should be classified into (ijnate risks
that are unmitigable or are left unmitigated andlii@se would be mitigated during port partnerships

Xiv



V1.

VII.

For all unmitigable and unmitigated climate risksey shall be classified into relief, compensatiforce
majeure, insured and uninsurable events.

To ensure the effectiveness of the contractualeptioins during the partnerships, the protectiorliegigle to
each of the unmitigable and unmitigated climatksrshould be altered once it is no longer approgria

For climate risks that would be mitigated during thartnerships, the required climate resiliencelteand the
port stakeholders in charge of delivering suchqrenrbinces have to be clearly stipulated.

Policy Implications and Recommendations
From the research outcomes, in particular the arssteethe research question, the following six ms@ndations
were derived to achieve viable and efficient inmesits in climate resilient ports (actors indicadtedold):

V1.

All port stakeholders are suggested to join hands for conducting systesed and integrated assessments of
climate risks and opportunities for their portsdentify port sub-operations and assets vulnertbtee risks.

Port authorities andall other port stakeholders whose operations andssets are potentially affected by
the identified climate risks are encouraged to explore the effective and feasilthate adaptation measures
for their vulnerable operations and assets.

Port authorities and the other potentially affected port stakeholdersare advised to value the risks in
monetary terms such that they are incorporablethrgo business models. In this way, the viable eiffidient
climate adaptation investment options for theitpoan be approximated.

Port authorities and the other potentially affected port stakeholdersare recommended to categorize
climate risks in their ports into two classificat® of (1) climate risks that are unmitigable or et
unmitigated and (2) those would be mitigated dutingr partnerships. The following set of decisroites
could be employed for classifying the risks:
* Climate risks without any effective and feasibleptation measure can be classified as unmitigable
risks.
« Climate risks with no viable investment option taeeute their corresponding effective and feasible
adaptation measures can be considered as thahélare left unmitigated.
* Climate risks with viable investment options to @xe their corresponding effective and feasible
adaptation measures can be categorized as those beomitigated.

Port authorities andall other port stakeholders potentially affected bythe unmitigable and unmitigated
risks are suggested to assign each of the risks intoufrently suitable contractual protection type. Btwrer,

to address the issue of rising unmitigable and tigated risks, the appropriate thresholds of Itkedid and/or
consequences for each of them could be incorporatedthe partnerships. Further, they are encourage
make pre-agreements on how the transition of contah protection applicable to each risk should be
performed once any of the relevant thresholdsashed.

As governors of operations in landlord popsrt authorities are advocated to take the lead role in discussing
the responsibilities for mitigating climate riskhat would be reduced and/or eliminated during port
partnerships witlother port stakeholders and explicitly allocate the responsibilities aftards.

XV
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Chapter 1 - Thesis Definition

1.1 Research Background

The issue of climate change impacts on ports isthety more important. A number of experts partitapain theAd
Hoc Expert Meeting on Climate Change Impacts andpfation: A Challenge for Global Portseld by the United
Nations Conference on Trade and Development inegdtr 2011 has stated their concern on the magpécidy:

“Given the strategic role of ports as part of thilgalized trading system, adapting ports in différearts of the
world to the impacts of climate change and buildimgjr resilience is an urgent imperative.” (UNCTARO11, p. 2)

Text Box 1.1: Relevant Concepts

» Climate changerefers to a change in the state of the climate ¢hat be identified by changes in the mean
and/or variability of its properties for an exteddame period (IPCC, 2007, p. 30).

» Climate adaptation in port describes any adjustment in port assets, operatiotorganizations in response
to climate change, which moderates the harms aptbiex the opportunities. The definition is adapteasm
IPCC (2011) as cited by Nursey-Bray et al. (2013,022).

* In this thesisclimate resilient port characterizes a port that is capable of (1) maiirigiits most important
functions when subjected to disturbances inducedliogate change and (2) returning to its fully dedi
functionality following the disruptions. The defiiain is adapted from de Bruijn (2005, p. 22).

What are the contributions of ports to today’s exop? How does climate change affect them? Are pantsently
building their resilience to climate change? Thistn addresses these questions briefly but tpoirg; the answers
also serve as the background information for tsearsch problems discussed in Chapter 1.2.

1.1.1 The Importance of Ports for Economy

The world economy has been characterized by tnaeeiaization, which is induced by the ability dfferent nations
to offer particular products and services at logeces and/or higher qualities (Porter, 1990; Rbale 2013). The
specialization is beneficial for both importers angborters. On one hand, it allows industries amsamers to have
access to high quality but low-price commodities.this case, industries can enjoy higher profit girer, while
consumers are able to enhance their well-beingth@rother hand, it has led to the development ahtees with
export-led economic growth, including China, Indiajwan and South Korea (Tang et al., 2015). Thesefits have
increased the global trading volume and raisealépendency of world economy on the trading. Theeefsustaining
global trading is of great importance.

Nowadays, ports play a key role in the global econoThe fact that about 90% of world trade is @by maritime
transportation suggests that the economy is relmtsustainable and effective port operations (IMXD13).

Moreover, as points of convergence in the globppBuchain network, ports act as the gateway tdetrand provide
different regions with access to global market @al., 2013). Apart from its role in facilitatirgjobal trade, ports
have a significant contribution to national grossngstic products by enabling nations to exportrthemmodities
(Dwarakish & Muhammad, 2015). Further, ports seagecatalysts to the related and nearby industsiesh as
shipping, industrial and manufacturing companiegpfi&ns et al., 2007). All in all, ports are cru@amponents of
national infrastructure portfolios and are constdevital to economic development.

1.1.2 Climate Change Impacts on Ports

However, the growing intensity of climate changebecoming a threat to the world economy as ports their
hinterland connections are very vulnerable to thpacts of climate change (Becker et al., 2012). vilieerability is
mainly explained by their locations in sensitiveuasine environments, such as in coastal areaggtisie to sea level
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rise and storms, as well as at mouth of rivers Wit risk of flooding (Emanuel, 2013; Hallegat2®08; Ng et al.,
2013). Being the nodal points in global supply ohaetwork, port operations disrupted by negativmate change
effects would bear significant costs (Ng et al120 as shown in Table 1-1. Such incidents havedaxhain reactions
that adversely affected the global supply chainvogt and hence slowed down the global economy.iistance, the
closure of the Port of Newcastle induced largerfonal losses to Australian coal exporters, whilgéhat same time
forced Asian coal importers to seek alternativeptisp from Indonesia and South Africa for sustainitineir

businesses (Stenek et al., 2011). The high depepadrthe global economy on sustainable port opmratimplies

that the consequences of climate change on patsigmificant.

Table 1-1: Examples of financial consequences véese weather events in ports

Main cause of disruption  Estimated financial los$ Source

A port in Western Australia Extreme cyclones 3l0dr AUD Ng et al. (2013)
Texas ports, USA Hurricane lke 2.4 billion USD FENZ008)
Southern Louisiana ports, USA  Hurricane Katrina Hillfon USD Santella et al. (2010
The Port of Newcastle, AustraliaExtreme storms 1.0 billion USD Port World (2007)

1.1.3 The Current State of Ports in Adapting to Climate hange

Nevertheless, the need for adapting ports to céntiiange may not have been adequately acknowldugeubrt
stakeholders. Although a majority of port stakekodchave discussed and developed climate adapgtios for their
ports (Becker et al., 2012), more than two-thirgpoft stakeholders participated in a survey studiursey-Bray et
al. (2013) state that it is too early to act asstatial uncertainties about future climate s8inain. In this case, a
majority of the developed adaptation plans woult be converted into actions. Therefore, the fumetiity of ports
and the effectiveness of global supply chain néeitveontinue to be at risk of climate change.

1.2 Research Problems

Based on a series of problem explorations at thet sif the research, three barriers that have haubd@ort
stakeholders to adapt their ports to climate chasugficiently were found and they were subsequeatigressed in
this thesis. This section elaborates the gaps astd/ames why they have to be tackled to successadhieve the
development of climate resilient ports.

1.2.1 Diverse Climate Profiles of Ports

Ports across the globe face different climate raid opportunities as they have dissimilar clintateditions (Naruse,
2011). For instance, rising average annual air &atpre may provide opportunities for ports sitdatehigh-latitude

as their uptimes are expected to rise and theierdifures for clearing ice shelf on waterways calddline (Stenek et
al., 2011). In contrast, it may negatively affeottp located in mid-latitude and low-latitude asytlwould face more
intense competition among ports due to the enhargectionality of high-latitude ports. Moreover,etlrising

temperature may increase their energy demandsefogeration and hence their energy bills (Stenekle 2011).

Further, during extreme heat waves, port labors haae to be restrained from working by law, leadimglisruption

in port operations (Chhetri et al., 2016).

Therefore, developing a best climate adaptatiorctjpe for ports might not directly allow port stakeders to
recognize effective adaptation measures for theitsp As different ports are affected by climatamie in distinct
ways, some measures considered in such practicédvbeuirrelevant for a particular port. Moreoves, they are
constructed and operated in non-identical manrmgie measures would be not implementable in seperas.
Hence, what is more needed is the development géreeral assessment tool for identifying climat&ksrignd

1 AUD: Australian Dollar, USD: United States Dollar
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opportunities that are influential to the operasiaf different ports. Based on the assessment maspeffective and
feasible climate adaptation measures for them doelldcknowledged in an enhanced manner.

1.2.2 Uncertainty Regarding the Viability of Climate Adaptation Investments in Ports

Based on the findings of Nursey-Bray et al. (20133an be deduced that the inability to predi¢tifa climate with
desirable accuracy leads to uncertainty aboutiti@¢ial viabilities of climate adaptation measui@sports. To the
best knowledge of the author, most of the devel@uEptation plans have not indicated the exposuperd business
models to climate risks and opportunities explcftCity of Port of Phillip, 2010; Port of San Dieg@013; Rotterdam
Climate Initiative, 2014), except for the analysesmducted by Stenek et al. (2011) and Connell .e(28115) for
Terminal Maritimo Muelles el Bosque and Port of Manillo, respectively. Nevertheless, both analysiesply
assume that the climate evolution will follow orfetlte considered projectiohdHence, if the future climate does not
follow the projections accordingly, the adaptatiplans may lead to misleading outcomes as the reended
adaptation measures would be either insufficiemedundant.

Because of the absence of quantification of climistes into port business models, port stakeholdensid fail to (1)
realize the negative impacts of climate change @)dappreciate the positive contributions of théeefve and
feasible adaptation measures. To support portegisidn making about the viable options for finaugcihe measures,
incorporating the measures and their associatethtdi risks into port business models is requirda: ificorporation
will allow the risks to be monetarily valued inteetbusiness models, such that the benefits and obite measures
are monetarily comparable. In this way, not onlgitHinancial viabilities, but also the financialfficient climate
adaptation investment optibfor a port can be estimated.

Although it is very tempting to maximize the outasyof climate adaptation investments in ports,ahor admits
that optimization might not be the best approacthencontext of climate adaptation. This is becatliseate change
can be classified as a deeply uncertain issuehiohaone is capable of generating multiple futunemate projections
without being able to rank the chance of each s@eta occur. In this case, according to Agusdin@@08, p. 45),
regret-minimization approach is more appropria@ntbptimization. Therefore, whenever suitable aossible, the
approach is incorporated for recommending investroptions in climate resilient ports. In this walye outcomes of
this research could still be beneficial for deaisinakers or financers who prefer to minimize thegdility of loss on
their climate adaptation investments.

1.2.3 Unclarity of Responsible Financers of Climate Adaption in Ports

In the current trend of port partnerships, the stakeholder responsible for financing each climadaptation
measure is rather not so easily determined. Aepitetandlord port is the dominant port governamoelel adopted in
large and medium-sized ports (The World Bank, 200va landlord port, the port authority is the @wiof land and
large-scale port infrastructures and grants coimesgo private port operators, which are requieegrovide goods
handling, transportation and storing services wlithir own superstructures and vehicles for a aertiane period
(Ligteringen & Velsink, 2012; Sorgenfrei, 2013; Théorld Bank, 2007). As the duration of the conomssis

generally shorter than the time-span required xpegencing significant climate change impactst p@erators may
have a tendency to neglect the need for climatptatan. This is because a high portion of benefifered by the
adaptation could accrue after the concession, thaththe operators might perceive climate adaptdtigports as an
unattractive investment. Therefore, it is importemtexplicitly state which stakeholder is respolesitor financing

each of the essential climate adaptation meassreseaof the steps to transform them into actions.

2 Stenek et al. (2011) base their analysis on twaréusea level projections, which are linearly ardonentially rising sea level
scenarios, while Connell et al. (2015) ground tfiaaincial study on five different future precigitan and storm scenarios, which
are: (1) current historical averages, (2) 25% r&dus in the frequencies, (3) 50% reductions inftequencies, (4) 25% increases
in the maximum intensities and (5) 50% increasd¢kénmaximum intensities.

3 An example of different adaptation options in patainst sea level rise: Raise the port infragiras by (1) 100mm, (2)
200mm, (3) 300mm, (4) 400mm, etc.
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1.3 Research Objectives and Questions

All in all, the research aimed to address the ppaicknowledge gaps within climate risk managemienports
resulting from the research problems described apfer 1.2. The gaps are about (1) what climates rend
opportunities are significant to the operationggdort, as well as what are the effective adaptaneasures for the
port, (2) how to finance the measures viably arfidiehtly and (3) which port stakeholders are e of financing
them. To date, these gaps have been translatetinmited discussion about climate risk managemenadrt planning
(Becker et al., 2013). Therefore, a raise in vialld efficient investments in climate resilienttparould be expected
from the outcomes of this research.

To operationalize the objective, the main resegredstion answered in this thesis was delineated as:

Under what coditions and hovcan viable and efficient invesents in climate resilient ports be achie\

In this thesis, a viable investment is definedramaestment that allows the financer to gain bigrfiefm the invested
capital. Moreover, an efficient investment refessthie one that achieves the maximum return withntiir@mum
expenses. Furthermore, to address the main quesffiectively, the research entailed answering tilwing sub-
guestions:

1) What are the significant risks and opportunitiegrfrclimate change for ports, and what are the &g
climate adaptation measures for them?

2) What is the viable and efficient investment optionadapting a port to climate change?

3) Which port stakeholders are responsible for finagpthe adaptation?

The sub-questions were derived from the gaps predém Chapter 1.2. In this way, climate risks apgortunities, as
well as the potentially effective adaptation measuor ports are recognized in the first place.rTtike viable and
efficient option to invest in adapting a port tarhte change can be approximated. Afterwards, tmedinancially
efficient adaptation option for the port is acknedded, the stakeholders in charge of financingrtbasures could be
assigned.

1.4 Research Scope

In this research, due to time limitation, only opert business unit and a specific port governanceenwere
considered. Quick scans of various port businegs and port governance models were performedlezisthe most
appropriate ones for this resedrdn the first place, port business units of geheaago terminal, container terminal,
bulk terminal, Roll-on/roll-off and ferry terminakruise terminal, fishery port and marina were esgd. The
exploration suggests that container terminal isniost suitable business unit for this research usaf two main
reasons. Firstly, as operations of container testsiare more or less uniform across the globeptiteomes of this
research could be applicable to a majority of doetaterminals. Secondly, containerization has besimg
significantly and it is expected to carry about 606%value of goods shipped by maritime transpastain just five
decades (World Shipping Council, 2016).

In the second place, landlord port governance mbdslbeen selected for addressing the third réssatt-question
as both the port authority and private port opegafgay roles in the ownership and operation oft pesets in a
landlord port, as shown in Table A-1 (in Appendi) An contrast, in service and private ports, a@ttpssets are
owned and operated by the public port authority apdivate entity, respectively. Moreover, in altport, the private

sector only provides port labors for operating @ms$ets owned by the public authority. Therefoogt gtakeholders
responsible for financing climate adaptation measun port models other than the landlord one elagively more

apparent. All in all, in this thesis, port operasare demarcated as operations of landlord camteerminals.

4 Readers interested in the elaborations of vagmusbusiness units and port governance modelsuaygested to consult
Chapters 7 — 13 of Ligteringen and Velsink (201id Appendix A, respectively.
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1.5 Research Methods

Specific research methods employed to answer geareh sub-questions are presented in Table 1-28héwsn from
the table, the research was based on a mixturasef study, qualitative and quantitative methodshd the methods
is elaborated in this section.

Table 1-2: Methods employed in the research

Sub-question Research methods

1 Literature review

5 Weather Value at Risk, Real Options Analysis, qitaite case study, literature review and
interviews

3 Qualitative case study, literature review andmviews

1.5.1 Case Studies

In this research, two different case studies wairgierd out for dissimilar motives. The first casedy, which is a
guantitative one, was aimed to (1) illustrate tppli@ation of an assessment framework develope@vafuating the
viability and efficiency of climate adaptation irstements in ports and (2) enhance the frameworkdasethe

limitations encountered from the application. Aakuscan of climate risk assessments conductedafoous ports was
performed to select the most appropriate port. §dan reveals that the assessment for Terminal iMarMuelles el

Bosque (TMMeB) by Stenek et al. (2011) was the amlg that has considered the financial impactdimiate risks

and the costs of the effective adaptation measde=gqite the limitations previously discussed ira@hr 1.2. Hence,
TMMeB was selected for the study.

The second case study was performed to examinecuhent success factors for allocating climate srisind
responsibilities in ports among port stakehold&he study was expected to assist in answeringhire: iesearch sub-
guestion. After a brief screening of climate adapttapacities of different ports, the Port of Ruléen was selected
for the study as its city has been hailed as tlse digy in terms of its climate adaptation stragsgand subsequently the
perfect showcase for climate adaptation (C40 Ciilesate Leadership Group, n.d.). Following thessgbn, it was
found that the Port of Rotterdam Authority has ileld sustainability criterion in the tendering akf its container
terminals in Maasvlakte Il (The Port of Rotterdamtifority, n.d.a). Therefore, the study was furthgecified into the
climate risk management in Maasvlakte II.

1.5.2 Qualitative Research Methods

Qualitative research methods are of great impoetdocthe research as literature review and ingsvgicontribute in
answering the research sub-questions. First dftallature review was found very suitable as tiagtiig point of each
research sub-question. This is mainly because revoew helps avoiding any research duplicationdigon, 1998 as
cited by Khan & Law, 2015) and could allow the autto extract the required information in the ldasie possible.

Secondly, several interviews with different purgosere also conducted to aid in answering the skaod third sub-
questions. All of the interviews can be classifietio three distinct interview sets. The purposethoé and
communication medium of each interview set are sanmad in Table 1-3. As shown in the table, the pheld
interview method varies with the motive. On oneddor the reason of obtaining additional inforroatrequired for
executing a case study on TMMeB, structured ingevvinethod was selected. This is because most afethered
data have been reported in Stenek et al. (201 Brefdre, only several specific additional detaikr@vrequired from
the respondents. Moreover, due to the absenceslof fiip to TMMeB and the preference of the resmntd, the
interviews had to be conducted through e-mailsh ghat the author could not adapt his questionedas their
responses. On the other hand, semi-structuredvieterwas chosen for extracting information fromespondent
when verbal communication was possible. In thigcH®e author could match the questions basedeoaxpertise of
the respondent and the flow of discussion (Bryn28®8), while still in control of the interview dogon at the same

6
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time. In contrast, unstructured interview, in whioh question is arranged beforehand, was conddicteghlidation
purpose. This is because it allows the author &zt his research findings and let the resportdectnstruct and
share his views on the findings freely (McLaugh#003).

Table 1-3: Overview of interviews conducted inrdsearch

Interview . Interview Medium of
Interview purpose o
method communication
1 Obtaining additional details required for the TBIcase study Structured E-mail
5 Extracting information about climate risks and @sgbilities| Semi- Face-to-face
allocation agreement in Maasvlakte I structured interaction
Validating the analysis of success factors of the Bf Rotterdam Telephone
3 Authority for allocating climate risks and respdmbiies in | Unstructured P o
communication
Maasvlakte Il

In each interview set, a selection of potentiapogsglents was initially performed, such that the tmekevant and
potentially most knowledgeable informant could dentified and firstly interviewed. For instance, .Mfladimir
Stenek, the first author of climate risks assessmeport for TMMeB was approached and interviewédirat in
interview set 1. In this way, the number of perfedrminterviews could be minimized, such that theeaesh was
conducted in a timely and efficient manner.

1.5.3 Quantitative Analysis Methods

Two different quantitative methods were employeddeveloping a framework for assessment of theilitials and

efficiencies of different climate adaptation invasnt options in a port. Firstly, Weather Value &kRWeather-VaR)
was chosen for valuing financial benefits of climaadaptation measures in ports, which are genetaflg

determinable as compared to their costs becausenadrtainty in future climate. The method integsafé) the

probability of occurrence of adverse weather eveants$ (2) the sensitivity of a financial performarioethe events
(Prettenthaler et al., 2016; Toeglhofer et al.,201 has been successfully applied for (1) ariatyzhe impacts of
weather variability and climate change on the faianperformance of accommodation industry in Kitehel

(Toeglhofer et al., 2012) and (2) assessing thenfifal impacts of climate change on wheat cultbratitnd summer
tourism in part of Sardinia (Prettenthaler et @016). Therefore, it was intriguing to explore tfeasibility of

Weather-VaR to value climate risks into port bussymodels and assess the viabilities of differevgstment options
in the proposed climate adaptation measures.

Secondly, Real Options Analysis (ROA) was seledtedletermine the viable and efficient investmentiaop for

adapting a port to climate change. The analysisctwivas originated from financial options, has begplied in
almost every industry during the past decade (Wsamtalal, 2010). According to Herder et al. (201it);ecognizes
projects as processes that take place over timecandbe subdivided into smaller sub-projects faalidg with

uncertain future developments. Moreover, as desdrilm Taneja (2013, p. 101), the method is appatgrior

appraising any project with deeply uncertain fut@®long as likely scenarios can be sufficientlgcified. As several
attempts have been made to extrapolate future winariables by taking into account the uncertdimate change,
ROA was found suitable for approximating the effiti adaptation investment option.

While Weather-VaR is unique, various variants of R@xist. Literature review of the application of RQOn

engineering projects revealed that (1) decisioa &mealysis, (2) Binomial Option Pricing Method, @pack-Scholes
Option Pricing Model and (4) spreadsheet analyaigetbeen employed for valuing options in engingegrojects
(Cardin et al., 2015; de Neufville, 1990; de Nellévet al., 2006; Wang & de Neufville, 2005; WangH&lal, 2010).
Moreover, based on the review, spreadsheet analgsisound to be the most appropriate variant émstructing the
assessment framework because of three main redSostty, the more the options and time layers rpooated into
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decision tree analysis, the more difficult it isetealuate the value of each option as the treedwsork will become
more complicated (Wang & Halal, 2010). Secondlyspite offering ready-to-use equations for the \idma both
Binomial Option Pricing Method and Black-Scholestiop Pricing Model are based on assumptions thataldit in
engineering projects, in particular the existenicaabive trading of options in engineering proje@schenbach et al.,
2007). On the contrary, spreadsheet analysis weslajeed by de Neufville et al. (2006) for avoidingmplex
mathematical computation and financial procedurasdo not match the circumstances of engineerioggs.

1.6 Research Framework and Thesis Outline

The outline of this thesis, which was developedhstinat it is in line with the research framework,presented in
Figure 1-1. As depicted in the figure, this docutmensists of five different yet interconnectedtpaPart | primarily
elucidates the background, objective, questionsraathods of the research. In Part Il, (1) operatiohcontainer
terminals, (2) climate risks and opportunitiestfoe terminals and (3) currently available climatatation measures
for them are elaborated. The key outcome of thsgarch part is a general matrix for assessing timaks and
opportunities in container terminals. Part Il prets (1) a proposed framework for evaluating trebilities and
efficiencies of climate adaptation options in patel (2) its application on TMMeB, which enhanckd originally
developed framework. In Part IV, the barriers emteted to explicitly incorporate climate risks aadaptation
responsibilities among port stakeholders are desdriBased on the identified barriers, guidelinas dllocating
climate risks and responsibilities in landlord @nér terminals were constructed. The applicabdityhe guidelines
was then evaluated by exploring the recent suaafedsnate risks allocation in Maasvlakte II. LastPart V serves as
the conclusion of this thesis, which delivers acdgiotential action steps to achieve viable affidieht investments in
climate resilient ports. Moreover, the limitatioofsthe research are presented to pave the wawtiaref research.

Thesis definition: Research background, objectives,

Part I: Introduction questions and methods

s ~ o : e
— . /" Climate “\hs ~ Container terminal : > i
Part II: Climate Risks, Climate risks and opportunities

s L. \_ variables ‘. operations e
Opportunitics and Adaptation in > \\_,_I,_,—-/ — assessment matrix for container

Ports SR e R e s s e e terminals

‘ Climate adaptation measures ‘ Ehetcume af Bark. Il

l

Ch. 4

Weather-VaR + A framework for assessing the
Part I11: A Methodology for ROA viabilities and efficiencies of different An enhanced framework for
Evaluating the Viability and adaptation investment options in ports _| estimating the viable and efficient
Efficiency of Climate Adaptation Improvement Application  Ch.5 investment options in climate
Investments in Ports 7 = resilient ports

iterature review + TMMeB case study ; 1t

Interview set 1 6

Literature review '—. Barriers for assigning climate risks and
responsibilities among port stakeholders
Part IV: Financing Climate Interview set 2 '7—¢ - Guidelines for effective climate

Adaptation in Port R risks and responsibilities allocation
Adaptation in Forts ‘ Intonicn st Successful cascof | M. in landlord container terminals

Maasvlakte Il -
7 Outcome of Part 1}
l Ch. 7

‘ Conclusions and recommendations ‘
Part V: Conclusion and L Ch. 4§
Recommendations ‘

Validatian

Limitations and future research ‘

Ch.9

Figure 1-1: Research framework and thesis outline

5 Brief descriptions of the unselected ROA variarss provided in Appendix B, while the spreadsheatysis is elaborated in
Chapter 5.2.
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Chapter 2 - Operations in Container Terminals

According to Steenken et al. (2004), container teats can be generally thought of as open systdngeads flow
between two interfaces of waterside and landsideratipns. Within the terminals, goods handling, ugb
transportation, goods storing and goods transfdririterland transporters are executed. The flovemftainerized
goods in a typical container terminal is illustchte Figure 2-1.

‘ Waterways and Ship Operational Area Waterglde
Y Y operation
A 4 \ 4
Internal
Yards € >  Empty stocks operation
A A
¥ - Landsid
‘ Truck and Train Stations anasiae
operation

Figure 2-1: Operations in a typical container termal, adapted from Steenken et al. (2004, p. 6)

First of all, waterside operation of (1) navigatitigg incoming container vessels in waterways amg gperational
area and (2) mooring them at the quay using bdlaehnects the vessels to the terminal. Therefdlamport
containers can be (1) extracted from the vess&ldrgdnsported to yards and empty stocks and (B¢dtthere. These
three sub-operations fall into the internal operatf the terminal. Once the containers are readyetpicked up by
hinterland transporters, they are delivered to krand train stations situated in or nearby the imaimand
subsequently transferred to the transporters. Eheetly and transfer processes are regarded dantside operation
of the terminal. The reverse flow of goods appl@sexport containers, which are firstly transpdrte the truck and
train stations by hinterland transporters and lat@rveyed to container vessels for maritime trartagion by the
internal operation. Each operation in a typicaltaorer terminal is elaborated in this chapter.

2.1 Waterside Operation

Various types of container vessels are serveddénnéiterside operation. For a large internationataiaer terminal,
deep-sea vessel is considered as the most imperasel type as it is generally employed for tracsan shipment.
To date, MSC Oscar, MSC Oliver and MSC Zoe ardalgest deep-sea container ships in the world. &lbfehem
are identical ships built by MSC and have a capaufit19,224 container units, with length, breadttd araught of
about 395 meters, 59 meters and 16 meters, regggc{ship-technology.com, 2010). Other than desg-gessels,
some container terminals also accommodate feedselgand inland barges. On one hand, feeder semgemainly
utilized for shipping containerized goods betwemsternational terminals and smaller regional terisirfaigteringen
& Velsink, 2012). On the other hand, inland barges commonly used for transporting the goods batweeninals
and hinterland stations through rivers and watanokls (Steenken et al., 2004).

The waterside operation mainly consists of two epérations of navigation and berthing. With thesaidl Global
Positioning System, Electronic Data Interchangejgadion lights, navigation buoyage and tugboaésheincoming
container ship is navigated by marine traffic coltdérs and marine pilots to the pre-assigned qQampy is a structure
constructed on the ground and adjacent to watervesysing as the place for incoming vessels to mdale goods
are being loaded into and unloaded from them. Fsrale generally installed on the edge of each quayfunction
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as bumpers for absorbing kinetic energy of thernmiog vessels and therefore preventing damage tothetvessels
and berthing structure (Chhetri et al., 2013).

The operation also involves the construction anihteaance of waterways, sea locks and breakwatdrieh are
essential to accommodate the incoming and outgsew® vessels. The water depth of waterways should be
continuously monitored and maintained by dredgm@nsure that the vessels can travel safely imtiterways. In
some terminals, sea locks are installed for raiaimd lowering water level in certain areas of watgss, such that the
vessels can still enter the terminal and mainthigirtdraughts at low water level. Moreover, sedkdoaid in
controlling the water level in the berthing aredishh changes due to the variation in astronomidal in absence of
any lock. Further, a breakwater is a coastal sirecinstalled at the port entrance to protect tloeuvring and
moored sea vessels from sea waves, which couldecexicessive motions of ships at the quays and ftrere
negatively affect the goods loading and unloadirag@sses (PIANC, 2012a).

2.2 Internal Operation

On container vessels, containers are systematipkbed in stacks and therefore only specific egeipt are capable
of loading and unloading them into and from these¢s respectively. Quay cranes are generallyliedtan quays for
handling such operations. In general, each crarmpésated by a human operator, who manages the mamteof
crane trolley from the cabin. The operator movesttolley over a ship or a ground vehicle to ext@container.
Once the container is hooked by a spreader situatddrneath the trolley, it can be lifted safelg @haced on either
(1) a container vessel for transhipment or (2)augd vehicle for transportation to goods storingaaor a hinterland
transporter.

Containerized goods and empty containers receinggd both waterside and landside operations aredtor yards
and empty stocks, respectively. They are genesditigked for efficient use of storage space. Sonmgaoeers (i.e.
reefers) require refrigeration and they are coratetd power supply through reefer plugs while beitayed in yards.
All containers are transported between quays, yampty stocks, and truck and train stations ugnmogind vehicles.
There are various types of ground vehicles empldyecdontainer terminals. The choice is dependemhany factors,
such as labor costs, as well as social and enveatahfactors (Steenken et al., 2004). Accordin@teenken et al.
(2004), vehicles for performing ground transpodtattan be classified into first and second classrmt vehicles.

On one hand, first class ground vehicles are irtdapaf lifting containers by themselves. They imgurucks with
trailers and Automated Guided Vehicles (AGVs). krugth trailers, or commonly referred to as an agied truck, is
operated by a human driver. Its capacity is depande the number and size of trailer pups. In @stirAGVs are
robotics; they are operated on a road network, vbansists of electric wires or transponders tdrcbhe position
and movement of each vehicle. AGVs require largestment and therefore are operated only in tedsinih high
labor costs (Steenken et al., 2004).

On the other hand, second class ground vehiclesagrable of not only transporting goods on the gdouput also
lifting containers to certain heights. Examplestiok type of vehicles include straddle carrier kfidr and reach
stacker. Straddle carrier is the most commonly wsédof them because of its high vertical reach inébility to
stack and extract containers in goods storing atgastly. Therefore, it can be thought of as a ieotrane with free
access to containers independent of their elevdéesls. Its capacity is dependent mainly on iz of structural
support and so does its vertical reach. In genénad, second class ground vehicle is operateddardainer terminal,
gantry cranes are employed to store containersiok $ormation in yards and empty stocks.

All in all, the internal operation of a typical damer terminal consists of goods handling, grotradsportation and

goods storing sub-operations. They are very ineged and supported by internal data communicatitnch informs
drivers and operators about (1) loading and digghgrlists that specify which containers to be kdnto and
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unloaded from a particular vessel, (2) bayplan,cwhipecifies the position of each container withiship and the
supporting stowage instruction and (3) job dataeguences (Ligteringen & Velsink, 2012).

2.3 Landside Operation

The landside operation of a container terminal Igob®mprises of the management of connection tdehend

connections, in which goods transfer between thmital and hinterland transporters is performedmiost cases,
container terminals are equipped with truck andhtistations for accommodating such transfer. Ebaitr Data

Interchange is mainly used as a mean of commuaitéitween terminal operators and forwarders fogeagent on
goods pick-up and delivery schedules. Once a toudkain arrives at the station, ground vehicles geployed to the
truck or train for facilitating the goods transfbtoreover, if the terminal is connected to hintedaerminals through
water channels, inland barges can be utilized fioteHand transportation. In this case, the watiersaperation for
accommodating the incoming barges also servesdaniside operation.

2.4 Summary of Operations and Assets in Container Ternmals

As elaborated in Chapter 2.1 — Chapter 2.3, omaratin a typical container terminal can be clasdifinto six
different but very interrelated sub-operations, ekhare (1) navigation, (2) berthing, (3) goods Hhiagd (4) ground
transportation, (5) goods storing and (6) connectmohinterland connections. In this way, termiassets can also be
categorized systematically, as shown in Figure ZHe presented assets are generic as the classifieatempts to
consider essential assets in all container tersifdlerefore, it should be noted that several sssay not present at
some terminals. For instance, to the knowledgéhefauthor, AGVs are currently being operated iry ané Port of
Rotterdam and the Port of Hamburg. Moreover, nbicahtainer terminals own both train and truck istz for
facilitating goods transfer between the terminald hinterland transporters. As shown in Chapten® Appendix A,
the classification aids for understanding (1) h@siaus climate change impacts and adverse weatkatseaffect the
operations of a terminal, (2) which port stakehoddenction each sub-operation and (3) own the sty assets.
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Figure 2-2: Assets at container terminals categedimto their sub-operations. Source: Author
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Chapter 3 - Assessment of Climate Risks and Opportunities
for Container Terminals

Climate change is underway and is likely to inceeimsterms of frequency and intensity over the ugiog decades
(Stenek et al., 2011). As elaborated in Chapter different ports across the globe face dissintlanate risks and
opportunities. For instance, ports located in lgimg coastal and delta areas are subjected tonttredsing risk of
seawater flooding. Meanwhile, other ports are s#hlan areas sensitive to tropical cyclones andhdgps, such as
ports in Texas (FEMA, 2008) and Taiwan (Ou et 2002). Nevertheless, all ports are facing one tiingommon,
which is more frequent and more intense weathentsyesuch as draught, storms and heat waves. Tdwirgy
frequency and intensity of such events are progetdeoccur around the world, although the degreag wary from
region to region (Stenek et al., 2011).

In this chapter, an overview of the observed anegmg@l impacts of climate change and adverse weeatents on
container terminals is firstly presented. The intpare mainly identified from the reviewed litenr&uThe second half
of the chapter is dedicated to describe the dewstop of a climate risks and opportunities assessmeitrix for
container terminals. The matrix, which was condgdcbased on the recognized impacts, aims to fgefi) the
significant climate risks and opportunities foratgular terminal and (2) the assets susceptibtbée risks and hence
require sufficient climate adaptation.

3.1 Current and Potential Climate Change Impacts on Cotainer Terminals

The impacts of climate change on container terrainah be classified as direct and indirect onesor@nhand, direct
impacts include effects that directly influence tperational, financial, environmental and soceffgrmances of the
terminals, both negatively and positively. On thieo hand, indirect impacts encompass effects englobal
economy and commodities production, which could leeeither higher or lower terminal demand/call.

3.1.1 Direct Climate Change Impacts on Waterside Operatio

The trend of rising sea level brings both oppottagiand threats to container terminals arounduiwdd at the same
time. Firstly, because of average sea level risewater depth and hence the draft clearance @frways is likely to
increase in all ports. In this case, the size afwessels that is accommodable by container tetsnisaxpected to
grow. Moreover, the rise can provide benefits taenside operation as the dredging requirement niighessened,
which could further lead to lower marine traffic ngestion, higher environmental performance and cedu
operational expenditure for maintaining the wategisvaavigable. In contrast, average sea level risgldwnegatively
affect the waterside operation of some terminale Tising level of waterways may reduce bridge releee and
therefore might lessen the accessibility of comaterminals whose waterways are situated behiiddds.

Apart from average sea level rise, the watersideain could also be affected by more frequentrande intense
precipitation, fogginess, snowfall and hail. Alltbem are expected to reduce the visibility in waitg/s and hence the
marine safety. If the visibility drops to any levadlow the safety limit, the speed of incoming anthoing sea vessels
may have to be reduced, such that the flow of gdbasigh container terminals could be slowed dolwrcase of
extremely low visibility, the waterways would bexséd for safety reasons, leading to higher terndoaintime. Also,
extreme rainfall may induce higher volume of sdted debris run-off to waterways, such that the getility of the
waterways would be reduced and subsequently thugige requirement could be raised.

Moreover, high winds, high waves and dust stormdccoeduce the marine safety, as well as the nhiligaand

berthability of the incoming container ships. Irirerne cases, as shown in Table 3-1, the waterwaayes to be closed,
which causes higher terminal downtime and hencesdaerminal revenue. They will also require podsptovide
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more extensive search and rescue supports if thebe&u of marine traffic accidents is raised, sucét ttineir
operational expenditures will be increased.

Table 3-1: Potential impacts of high winds on caméa terminal operations, adapted from Gaythwa284, p. 62

Wind speed (m/s)  Effect on waterside operations Effect on internal operations

Greater than 11.5 Berthing limit Inoperative quag gantry cranes

Greater than 17.5 Berthing and marine traffic lamit Idem

Greater than 24.5 Idem Damage to quay cranesyifatenot properly lashed
Greater than 56 ldem Damage to quay cranes evieyifare properly lashed

Further, longer and more intense drought couldcaffee waterside operation of inland container trats negatively
as it reduces the draft clearance of the watenaagstherefore might raise the dredging requireni2ating extreme
drought period, the waterways may need to be clésed long time period, leading to higher termidalwntime.
Also, in some ports, higher maximum and lower mimmair temperatures are observed. On one handjsihg
global average air temperature may bring opporesior ports situated in high latitude as theimbers of days of
icy waterways could be reduced. On the other hédredsafety of navigation would be negatively afecby lower air
temperature as icing/freezing rates of sea veaselsiavigation equipment might be increased.

3.1.2 Direct Climate Change Impacts on Internal Operation

Strong wind driven by storms, cyclones and typho@sswell as limited visibility induced by high fogigess and
rainfall are considered to be two of the greathatlenges for goods handling and storing sub-ofmrait As shown in
Table 3-1, during severe winds, cranes cannot leeatgd effectively, especially quay cranes, whgseaglers are
very sensitive to winds. If their operations areint@ned during such period, damage to containeisgbhandled
could occur. This would also lead to injury or evdath of terminal labors working on the groungheesally if the

containers fall down or are wrongly placed. Furtlftemtainers stored in stack formation in yards emgbty stocks
may collapse once the wind force exceeds the shaicstrength of the formation, which could cauaedge to the
containers and contained goods.

Heavy rainfall, snowfall, hail, as well as sevel@éling induced by intense precipitation, stormréseand average
sea level rise would also directly interrupt theéernal operation. Such events are likely to detate&ogoods storing
areas, terminal assets and stored goods that anesistant to water (Scott et al., 2013). Morepwhiring those
events, ground vehicles could not be operatedtimely and efficient manner, such that the inte@ération would
be disrupted or even halted. Furthermore, highdrlawer air temperatures would increase the codding heating
demands for reefers and goods in need of heatspectively. In these cases, (1) the operationa¢rditures for
goods storing and (2) the greenhouse gas emisBmngerminal operations would increase, which dsa to lower
terminal profits and reduction in the environmemtatformances of the terminals, respectively (Cratal., 2015).

3.1.3 Direct Climate Change Impacts on Landside Operation

Climate change may also negatively impact the cotioe of container terminals to their hinterlandnections. If the
connection is severely damaged, the reputationastnalctiveness of the terminals would be reducetisandoes the
terminal demand/call. Increasing road surface teaipee, extreme rainfall and more intense lightrimight soften

road pavement, weaken railway structures and avedgtively affect the operation of hinterland tyaorsers (Scott et
al., 2013). Moreover, more frequent and more irgemecipitation and high winds may raise soil moistlevel,

reduce the slope stability and damage structutagrties of roads and railways. All of the impactaild negatively
affect the connectivity of container terminals, tsticat the flow of goods through the terminals nhigh reduced.

6 Different vessels and cranes have distinct thidshaf wind speed. Hence, the thresholds presént€dble 3-1 might not be
directly applicable to all container terminals.
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Further, although hinterland connections are nositiered as one of the sub-operations of contaématinals in this

thesis, it should be noted that any impact on theection is likely to affect the connectivity dietterminals. Ports
depend heavily on certain hinterland connections.ifistance, the operation of a newly constructadainer terminal
in Yangshan Port in Shanghai is reliant on the tioncng of Donghai Bridge, which is the only contien between

the port and centre of Shanghai. Because of i@tilme, the bridge is very vulnerable to any potdndtorm in East
China Sea. During such event, the bridge may hae tclosed, which leads to disruption in goode ficom and to

the port. If the bridge downtime is significantligh, the terminal demand/call might fall down ae tioods flowing

through the terminal would not be delivered tottfieial destinations on time.

3.1.4 Direct Climate Change Impacts on Critical Infrastructures

As shown in Figure 2-2, several assets are of gngartance for all container terminal sub-openaioThe assets,
which can be considered as critical infrastructdoescontainer terminals, comprise of (1) power@yp(2) internal
data communication network and (3) marine traféicvice tower. Disruption in any of them would Ieg@adterminal
closure as all of the operations could not be peréd. As an example, flooding in power station,yvargh
precipitation, strong winds, intense lightning ameiat waves could lead to failure in power supplgchsthat all
electrical equipment are inoperable. Moreover,dlng and other extreme weather events can dishepfiuinctionality
of marine traffic service towers or even may damgmgen. In these cases, employees whose jobs anerndor and
manage the flows of marine traffic would not beealol perform their functions well.

3.1.5 Direct Climate Change Impacts on Socio-environmentaPerformances of Container Terminals
Some climate change impacts could also affect tdugalsand environmental performances of contaieeminals.
Working accident induced by severe adverse weatents is one of the examples of negative effetidimate
change on the social performance. Moreover, dysiosion, fire generation and reduction in air qualivhich are
mainly induced by climate change impacts on gotaisng sub-operation, may deteriorate the health\sell-being
of terminal labors and residents living nearby témeninals. Further, reduction in the water qualigcause of higher
dredging frequency and intensity may force thosesehincomes are dependent on the water, suchhesrfian, to
migrate or search for new jobs.

Furthermore, run-off of dusts, silts and debrisvterways, as well as more frequent dredging d@&s/reduce the
water quality and hence threaten the habitats afinmavegetation and protected species around thmirtals.

Moreover, high waves, intense precipitation, seallése, higher sea surface temperature and isergathe salinity
of seawater could negatively affect the habitapbt mangroves, which present within or around wedsg's of some
terminals situated in tropical region, such as MMeB and Port of Manzanillo. In some ports, suchim®ort of

Manzanillo, port stakeholders are responsible tintam the vegetation and species living withinitheperational

areas (Connell et al., 2015). Any failure in dosmgwould result in penalty and therefore highereexiitures.

3.1.6 Indirect Climate Change Impacts on Container Termirals

Climate change is very likely to impact the econashy region and the distribution of global prodotof climate-

sensitive commodities (Connell et al., 2015). Fatance, long draught, rising air temperature amdgrecipitation
would lead to higher crop failures and therefores lexport of agricultural products by the affeategions. On one
hand, if a terminal is very dependent on the expbthose products, the terminal demand/call casigeificantly

reduced. On the other hand, if the crop failure iiat very high, the regions may have to start inipgrthose
agricultural products. This could be an opporturfity terminals whose main trading countries areab#p of

maintaining or even expanding their agriculturaldarctions following the impacts of climate changetleeir terminal
demands/calls could be increased.

3.2 Climate Risks and Opportunities Assessment Matrixdr Container Terminals

To summarize the identified climate risks and opyaties for container terminals, as well as towallone to perform
first-scoping or quick-scan assessment for a paaiderminal, a climate risks and opportunitiesegsment matrix for
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container terminals was developed, as partiallggmied in Figure 371In the matrix, the potential impacts of climate
change and each adverse weather event on a cartiménal are categorized into (1) operationd),f{ancial, (3)
environmental and (4) social risks and opportusifi the termindl Moreover, where possible and applicable, the
thresholds of the relevant weather variables agsgnted for all adverse weather events and cliofe@age impacts.
Further, the main sub-operations and assets afféitehem, as well as the possible primary and regeny impacts
induced by the adverse weather events and clinfsd@ge are clearly specified in the matrix. The iotpaare
explicitly separated such that the users couldgeize which impacts are directly caused by adversather events
and climate change (i.e. primary impacts) and wloichs are the consequences of occurrence of timanyrimpacts
(i.e. secondary impacts).

Next to the columns of both primary and secondarpaicts, additional columns &xpected Impacare provided to
allow the users to assess the climate risk and rogpqity profiles of their terminals. In the matriihe expected
impacts are classified into (N/A — Not applicable, (2) Opp — Opportuni@) L — Low risk,(4) M — Medium rislkand

(5) H — High risk The first category can be applied whenever aatinthange effect or adverse weather event is
irrelevant to a terminal performance indicator. Bmrer, the second class is suitable for an effeetvent that may
contribute to an indicator positively. Further, theposed categorization of risk magnitudes is @ppate for an
effect or event that could affect a performancéciaitr negatively.

As climate risk tolerances in different terminalsuld vary, it is recommended that the relevant edtalders are
consulted to determine the appropriate range df éak magnitude. In this case, their toleranceslmincorporated
into the assessment, such that its effectivenesfd dze enhanced. An example of guidelines to deternthe

appropriate magnitudes of climate risks for difféareerminal performance indicators is presentedable 3-2.The

table shows the range of each risk magnitude erediégr climate risks assessment for Port of Manizahy Connell

et al. (2015).

Table 3-2: An example of classification of climasé& magnitudes for ports. Source: Connell et 2045, p. 303)

Expected impacts

Operational Financial

Environmental Social
(Proxy: Annual (Annual revenue of

(Environmental impacts) (Social impacts)

Magnitude

port downtime) port operations)
L < 1% increase < 1% reduction Negative, mineversible
M 1 - 10% increase 1 — 5% reduction Negative, nmaditreversible, temporary
H > 10% increase > 5% reduction Negative, majoeyirsible, long-term

As shown in Table 3-2, in general, climate riskstfe environmental and social indicators are tptalely assessed.
Therefore, environmental and social impact assessmeould be performed to determine the appropriate
risk/opportunity magnitudes of all climate chandieas and adverse weather events for both indisato contrast,
the magnitudes for the operational and financidicators are quantitatively measured. The expdatedcts of each
climate risk on the operations of a terminal canelsimated by considering (1) the anticipated domabf the
associated adverse weather event in a year antdg2xpected reduction in the operability of thenieal during the
event. For instance, if an event is anticipatedcaur for 10% of the annual operation time andag h 50% chance for
halting the operations, the expected increasegarnhual terminal downtimean be approximated as 5%.

" The complete assessment matrix is presented iergp C.

8 Operational risks and opportunities include thie potentially affect the operations of the terahi Financial risks and
opportunities encompass those that could influg¢iedinancial performance of the terminal. Envir@ntal risks and
opportunities include those that are likely to regland enhance the environmental performance déthenal, respectively.
Social risks and opportunities include those thgthinaffect the social performance of the terminal.
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Climate Risks and Opportunities Matrix for C
Name of Assessed Terminal Terminal A
|Wezther Main Range/Threshold of Risk for Terminal or C Effects
Eventand | Type of |Main Sub- Relevant | Relevant Weather Variables Assets/Operations? | 4|Other Sub- Y v "
Noll of |Risk/Opp.| operation Asset(s) Risks and Opportunities |mpact™ i |mpact™ Source
Climate 'o'r " Affected Variable |Range/Th Assets | Operations Affected Rlsklo;:p. Risks and Opportunities
Change Terminal Type’
* Lower terminal demand/call due to (1)
reduction in the production of main
export commodities in the regions
served by the terminal, such that the
\mpacts of export volumes of the regions are
cIirﬁ\ate lessened and/or (2) increase in the
production of main import commodities
change on H . N Connell et al.
the in the main trading countries, such that (2015), SteneK
" th for i ! ;
91 [acanarias FIN Al Nona NA NA their demands for erleOrt are‘ ‘rzt‘ijl;c;d( 0 - v Al None None N/A  |etal. (2011),
of the s ) e i USCCSP
e increase in the production of main
terminal's i i (2008)
et export commodities in the regions
counties 9 served by the terminal, such that the
export volumes of the regions are
enhanced and/or (2) reduction in the
production of main import commodities
in the main trading countries, such that
their for import are enhan
High salinit Ve Ag;]:!::ns ASeawater ERETlCHSAIE ARy oI ;h:?:;r z: ?:: S"U:;af;;rfg :‘:: Zs?é?:s Copetiet.
2 |79 ity ENV None €9 23 >0ppm vegetations and species due to salt v - None FIN €9 P - N/A  [(2015), Stenek|
of seawater and salinity « Higher premium to insure the
stress. + etal (2011)
species and species.
« Inoperational berthing, goods handling
OPE ground transportation, goods storing and NA
connection to hinterland connection sub-
operations of the terminal
« Off-site and water pollutions due to
dredging, especially if the dredged
materials are not stored and recycled
properly.
ENV [+ Higher threat to species living within or NIA,
* Slower marine traffic/Higher terminal around the terminal due to improper
downtime as a portion of waterways dredging and hence reduction in water
could be closed during dredging, which quality.
is more frequently needed. « Lower terminal profit due to slower
* Reduction in size of sea vessels marine traffic/higher terminal downtime
Droughtness Navigation accommodable due to higher restriction and lower volume of goods served by the
[only?or and in ship navigability. terminal
2 Connection AWater » Lower volume of goods served by the + Higher operational Stenek et al.
< S \ v
3 ?«‘)i?;ner e to Waterways: level Oicro terminal due to reduction in the amount NiA A FIN expenditure/insurance premium due to N/A  [(2011)
terminals] hinterland of cargos that can be carried by higher dredging costs.
connection incoming vessels. It has been estimated * Higher operational
that a cargo vessel must reduce its expenditure/insurance premium for
carrying load by 50 - 270 tons for every compensating the loss of the vegetations
2.5 cm decline in the water level and species.
* Increase in lerm{l]al downtime during « Lower health quality and death of
drought or dry period. terminal labors and residents living
nearby the terminal due to increase in the
amount of disease/virus carrying
transmittances (e.g. dengue carrying
SOC |mosquitos), whose habilitabilities are NA
lenhanced in drought season.
[ Migration of residents or workers whose
main incomes are dependent on the
functionality of the terminal and quality of
the surrounding water.
[ Slower/inoperational navigation,
>11.5mls berthing, ground transportation, goods
(ino era‘(iveness) =~ v OPE |storing and connection to hinterland
P connection sub-operations of the
terminal.
+ Reduction in the operationality of quay « Lower terminal profit due to lower
cranes. volume of goods served by the terminal. Connell et al.
High wind >245mis » Lower volume of goods served by the + Higher operational (2015),
ingludin 5 ot -~ (Damage to quay port due to slower internal expenditure/insurance premium for Gaythwaite
o OPE . Y |Wind speed| ! ion/higher terminal ime. Al itional maintenance requirements for (2004), Scott
that induced handling | cranes cranes if they are v - M FIN M
by s notlashed | Damagefloss of quay cranes and the affected quay cranes and goods. etal. (2013),
properly) goods being handled in case of any + Higher operational Stenek et al
goods handling accident or extreme expenditure/insurance premium for (2011)
winds. replacements of the damaged quay
cranes and goods.
i (506 "u'/: (3:nmeasge « Injury and death of port labors in case of
evgn Hythey s v - SOC [any severe winds or goods handling N/A
lashed properly) acekler:

*OPE = Operational; FIN = Financial; ENV = Environmental; SOC = Social

**List of input parameters:

Magnitude Impact

A No risk/opportunity of the
risk/opportunity type is irrelevant

Operational: < 1% increase in annual terminal downtime
Financial: < 1% reduction in net annual terminal profit
Minor and ible impacts on ions, birds, species, air and water qualities
|Social: Minor and tolerable impact on port labors and society
(Operational: 1% - 10% increase in annual terminal downtime
Financial: 1% - 5% reduction in net annual terminal profit

B R Environmental: Medium and ireversible, but temporary impacts on vegetations, birds, species, air and water qualiies
Social: Medium, temporary and tolerable impact on port labors and society
rational: > 10% increase in annual terminal downtime
Financial: > 5% reduction in net annual terminal profit
Environmental: Major, ireversible and long-term impacts on vegetations, birds, species, air and water qualities
Social: Major, long term and intolerable impact on port labors and society
Operational: Lower annual terminal downtime
Financial: Increase in net annual terminal profit
Opp (Opportunity in the habitabilty of jons, birds, species, as well as increase in air and water qualiies

|Social: Positive impact on port labors and society

Figure 3-1: An example of a filled out partial che risks and opportunities assessment matrix fowntainer
terminals. Source: Author
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Furthermore, for the expected impact of each ckmak on the financial performance indicator, thehor argues
that net annual cash flow from terminal operatiossa more appropriate proxy than thet annual revenueThis is
mainly because the former also accounts for bgtth@ potential increases in the expenditurestefrainal as a result
of climate change and adverse weather events grithédiquidities of the port authority and/or ténal operators,
which have to be maintained to ensure their abdito pay their financial obligations when they fale.

The expected effect of each climate risk on ke annual cash flow from terminal operatioresn be estimated by
evaluating the potential impacts of the relevanteaske weather event on (1) the terminal revenue(2nthe capital
and operating expenses of the terminal. The forraerbe computed as a product of (1) the annuahuevef the
terminal in absence of any climate risk materigiiimaand (2) the expected percentage reductiohdérahnual volume
of containers served by the terminal as a resuthefoccurrence of the risk, while the latter canassessed as a
product of (1) the anticipated frequency of thentva@ccurrence within a year and (2) the expectedeases in the
capital and operating expenses once the event pd&es. The sum of the expected reduction in temhmevenue and
the potential increases in the capital and opegaxpenditures is a good approximation of the etguenpact of the
risk on the financial indicator, although the fastof taxation, depreciation and termination valokassets are not
considered in this way. If they are found significdy terminal stakeholders, they should be incateal into the
evaluation.

The outcomes of the assessment matrix include migtaimate risks and opportunities significant fsch container
terminal, but also the sub-operations and asséterable to the risks and hence require adequetextel adaptation.
In this way, the users could identify climate addiph measures for their terminals effectively. Therently proposed
adaptation measures for container terminals argepted in Chapter 4.
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Chapter 4 - Existing Climate Adaptation Measures for
Container Terminals

As described in Chapter 3.2, after the significdimate risks in a particular container termina atentified, effective
and feasible climate adaptation measures for thmital can be determined in an enhanced mannerer8ev
literatures, in particular Connell et al. (2015)g Mt al. (2013), Scott et al. (2013) and Stenekle{2011), have
discussed the potential adaptation measures fds.pbhey were reviewed and become the basis fer dhapter,
which serves as a summary of the currently avalabimate adaptation measures for container tedmifiderefore,
this chapter could assist the users of the assessmarix presented in Chapter 3.2 for exploring hotentially
effective and feasible climate adaptation measiaretheir terminals.

4.1 Classification of Climate Adaptation Measures for @ntainer Terminals

The currently proposed climate adaptation measiaresontainer terminals can be classified into foategories, as
presented in Table 4-1. According to Solecki (201@ey/hard measures mostly require extensive SISEEES

because of their significant financial, environnarand social costs. Conversely, green/soft measare more
beneficial from the environmental perspective &y tre able to not only perform climate adaptatiorction but also
provide ecosystem service. This is because theylynm®vide open space and habitats for diverselifél (Solecki,

2013).

Table 4-1: Classification of climate adaptation reeges. Source: Connell et al. (2015) and Soledx.8}

Adaptation measure

Description

category

Grey/hard/engineering Development of structural solutions aimed for natigg climate risks and/or
measure extracting benefits from opportunities provideddiynate change.
Green/soft/nature-based The employment of biodiversity and ecosystem ses/to adapt to the impacts of
measure climate change.

Hybrid measure The combination of grey and greeasmes.
Building adaptive capacity Enhancement in undeditenand responding to climate change impacts.
Operational measure Changes in operational prosesgkeprocedures to adapt to climate change.

While grey, green and hybrid measures can be thaefghs physical measures, both building adaptagacity and
operational measures rather influence the govemanganization and operations of container tertaif@onnell et
al., 2015). On one hand, the strategies of buildidgptive capacity mainly comprise of (1) meastwegbtain and
disseminate new information (e.g. monitoring antlecting data of the relevant weather variablesglying the
observed and potential climate change impacts basethe extracted data and raising climate chamggaemess
among port stakeholders), as well as (2) measuresupport the governance and/or organizationakttres of
container terminals. On the other hand, operationahsures include all adaptations that alter theradjpnal
procedures of the terminals. As elaborated in Clbreteal. (2015), building adaptive capacity andegtional
measures are mostly no/low re§rand low cost adaptation options for ports. Theesfi is highly recommended to
implement them as soon as possible because thexrdikely to support the effective executiongséy, green and
hybrid adaptation measures at a later stage.

% No regret adaptation measures refer to thosedtiiser net benefits now and in the future, whilevIregret adaptation measures
are those with relatively low costs and potentidhge benefits under a wide variety of possibter climate scenarios.
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4.2 Summary of Existing Climate Adaptation Measures forContainer Terminals

In this section, examples of the currently recomtieehclimate adaptation measures for container tedsiare
described. A large portion of the measures predentthe literature are those aimed to mitigatsate risks from the
major adverse weather events in container termiiraduding (1) seawater, groundwater and riveodliog, (2) high
precipitation, (3) high winds and (4) high air teengture. Table 4-2 lists possible measures agtirsting and high
rainfall that have been recommended for contaieeninals, especially those vulnerable to inundatMareover, as
previously discussed, terminal assets and opegtionld be affected by high winds and hot weathents. Some
potentially effective adaptation measures to det adverse winds and extreme heats are presemfeabile 4-3 and
Table 4-4, respectively.

Table 4-2: Examples of climate adaptation meastoesirds flooding and high precipitation risks fantainer
terminals. Source: Connell et al. (2015), Ng et(2013), Scott et al. (2013) and Stenek et al. 1201

Adaptation

category

Measure

Grey

Upgrade drainage system to increase the maximumr\seitrage capacity and handle increas
water flow.

Raise the height of terminal infrastructures vudide to flooding.

Develop a new dock gate system to prevent floobdingetaining rainwater and storm water.
Raise the drainage system to prevent seawatersisgre

Retrofit assets susceptible to flooding and rainfal

Upgrade and enhance sediment traps.

Green

Implement landscape-based water catchment strategieduce the risk of drainage overflow.

Grow or re-generate natural drainage corridors (@angroves in tropical areas).

Hybrid

Employing sustainable drainage systems for accoratirglhigher rainfall.

Building
adaptive
capacity

Engage terminal stakeholders to plan landscapedidbs® management strategies.
Review early flood warning systems as a prepardtiomore intense storm and rainfall.
Review flood response plans to prepare for sed fesgeand rising precipitation trend.
Monitor sediment levels in waterways.

Operational

Undertake review and adjust maintenance progrardriinage system to ensure that the
capacity of the drainage is always sufficient tpewith extreme rainfall and storm events.
Upgrade dredging programs and schedules to meetdteasing need for dredging.
Review and adjust the frequency of cleaning sedinraps to maintain their efficiencies.
Implement traffic management measures to minimaddnecks during extreme flooding.
Store perishable cargos and assets in areas Espsible to flooding.

Account for higher precipitation and sea level rgeen replacing or upgrading port
infrastructures and superstructures.

Table 4-3: Examples of climate adaptation meastowsrds high winds for container terminals. SourCennell et
al. (2015), Stenek et al. (2011), van den Bos (2011

Adaptation
Measure
category
Gre » Appropriately lash quay and gantry cranes to tloengd during high wind events.
y » Develop or enlarge closed systems for goods hamndlin
Building » Assess the need to improve the braking systemsanés.
adaptive » Evaluate the need to enhance wind speed monitaridgprediction systems.
capacity » Continuously monitor wind speed and direction, ali as map paths of cyclones.
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» Monitor responses of sea captains, terminal operatudustries and customers to navigation
berthing and goods handling restrictions durindihignd events.

* Review contingency plans for delays and closurgooids flow caused by reduced and
eliminated navigability of waterways.

» Employ active mooring systems whenever sea and samdlitions are difficult for berthing.

» Use lashed container stack as a roughness incgeaisatacle to avoid stacked containers fror
collapsing during high winds.

» Alter work regimes whenever high wind speed is expeed.

» Situate cranes in the shadow of high buildings velien possible to avoid operational disruption
from strong winds.

» Rotate orientations of cranes appropriately to cedbe influence of dominant wind direction.

» Review operating wind speed thresholds for goodsllivag equipment (e.g. quay cranes).

» Embed potential impacts of rising peak of wind spe¢o the maintenance and replacement
schedules.

* Review the need to upgrade sub-systems and comizsoolecranes as a result of rising wind
speed.

* Reduce the container stack heights in yards and @mopty stock areas during high winds.

» Perform assessments of ships navigability and abitity to understand the relevant wind speed
thresholds, such that the navigation safety caenb@nced.

* Review and strengthen dust suppression measures.

=1

Operational

Table 4-4: Examples of climate adaptation meastoesrds hot weather events for container termingtsurce:
Connell et al. (2015), Scott et al. (2013) and Skeet al. (2011)

Adaptation
Measure
category
Grey » Upgrade energy efficiencies of freezers and aidd@ning systems.
« Conduct energy audits regularly to analyze the otgpaf rising air temperatures and conside
opportunities for reducing energy consumption basethe outcomes of the audits.
. » Ensure that the terminal community is notified wittea risk of dengue and equivalent virus
Building o .
adaptive outbreaks is high and promote the use of mosgepelients.
P . * Review early warning systems for dengue and viuibreaks.
capacity

« Regularly monitor weather forecast and issue heabiwg once the air temperature is expected
to exceed the acceptable working temperature.

» Provide guidelines on recommended actions to retheaegative impacts of heat waves.

« Pass on energy bills for cooling reefers to custsfokents.

Operational | « Deploy hot weather policy, in which the working hewof terminal labors are reduced or shifted

to late hours during extremely hot days.

4.3 Determining Effective and Feasible Climate Adaptatbn Measures for Container
Terminals
Based on the reviewed literature, it appears tliaate adaptation options for ports have been dised in detail in
the scientific community. Moreover, several pogkstolders have developed climate adaptation péarteeir ports.
Therefore, the users of climate risks and oppatigsiassessment matrix presented in Chapter 3.2 gautially
identify potential measures for their containenteals by exploring relevant literature of climaeaptation in ports
and learning from climate adaptation plans andvactes in terminals that share similar climas&si Afterwards, an
in-depth engineering study for adapting a termioatlimate change is required to explore for addai potential
adaptation measures and assess the feasibiligcbfidentified measure.
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and Efficiency of Climate Adaptation
Investments in Ports
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Chapter 5 - A Framework for Assessment of the Viability
and Efficiency of Climate Adaptation Investments in Ports

After acknowledging the significant climate riskiseir potential impacts, as well as the effectind &easible climate
adaptation measures for a port, the risks havesteabued in monetary terms. Without valuing thé&gjst would be
impossible to assess the viability of investmentshie measures and to identify the efficient invesit option for
adapting the port to climate change. In this chapbe development of an assessment frameworkdiodwcting such
evaluation is elaborated.

The chapter begins by discussing the potential eaihver Value at Risk (Weather-VaR) for valuing @imrisks into
a port business model. Afterwards, the possibldritrtions of Real Options Analysis (ROA) for (13s&ssing the
viabilities of different climate adaptation investim options for the port and (2) estimating thécefht one by taking
into account the uncertainty in future climate discussed. In the end, a methodological proposahproximating
the financial viabilities and efficiencies of difémt climate adaptation options in a port is pre=gnAs described in
Chapter 1.5, a case study on Terminal Maritimo NMsedl Bosque (TMMeB) was conducted to enhancetigaally
developed assessment framework. However, to maiti& flow of this thesis, in this chapter, theafinmproved
framework is presented instead of the initial one.

5.1 Monetary Valuation of Climate Risks in Ports by Wedher Value at Risk

Weather-VaR is a method that combines (1) the fmbbaof occurrence of adverse weather events &t)dthe

sensitivity of a financial parameter to such evefiettenthaler et al., 2016; Toeglhofer et al120 The method
allows Value at Risk concept, which is widely enyad in financial sector for assessing the expetdsd of an
investment portfolio, to be applicable for valuiclimate risks into the financial performance of aather-sensitive
business sector.

In Prettenthaler et al. (2016) and Toeglhofer ef2012), Weather-VaR is defined as the maximumeetqn loss due
to adverse weather events for a given level of idente over a certain time period. The conceptlustrated in
Figure 5-1, which depicts the probability densitndtion of a financial parameter resulting from thea fluctuations.
As indicated in the figure, Weather-VaR is currgntiterpreted such that it is dependent on the tigdrance of the
investors. For instance, if an investor can actketimpacts of any adverse weather event that helsaace of
occurring of 5% per year, the corresponding Weattad® is the value of the appropriate financial paater (e.gnet
annual cash floyvat a confidence level of 95%.

Probability distribution
4

/'r
VaR(weather)

i

€ loss | Expected € gain

1
Area = 5% Revenues, sales, cash flows etc.

Figure 5-1: Weather-VaR at 95% confidence levehpted from Toeglhofer et al. (2012, p. 193)
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5.1.1 Steps in Weather Value at Risk
As previously described, Weather-VaR integrategl{é&)probability of occurrence of adverse weathenes and (2)
the sensitivity of a financial indicator to suchvadse events. Based on their analysis, Toeglhdfeal.e(2012)
recommend the following steps for applying the rodtbffectively:
« Step 1:Identify a specific financial indicator that servas a proxy for climate risks. Examples of poténtia
indicators are the quantity of goods sold, revenee profit and net cash flow.
« Step 2:Determine weather variables that affect the indicat
« Step 3:Describe the sensitivities of the financial indarab fluctuations in the weather variables.
« Step 4:Describe the probability distributions of the wesathariables.
« Step 5:Measure the Weather-VaR of the financial indicatba given confidence level by consolidating the
sensitivities and probability distributions ideigd from Steps 3 and 4, respectively.

In Prettenthaler et al. (2016) and Toeglhofer e{2012), the first step has been performed byyairaj the relevant
business models. The second and third steps haae c@nducted using correlation and regression appes,
respectively, such that (1) the weather varialihas significantly explain the variation in the indior are identified
and (2) the magnitude of the sensitivity of theigatbr to each significant variable is known. Theaution of the
fourth step required the availability of historicddta of the weather variables identified in Stegn2Step 5, the
regression model developed in Step 3 can be engltyestimate the values of the financial indicatodifferent
weather conditions. By combining the values witkitliespective probabilities of occurrence, the iWeaVaR at a
particular confidence level can be determined ampdessed in monetary terms.

5.1.2 Compatibility of Weather Value at Risk with Port Operations

From the description of Weather-VaR, it was tengtio apply the method into port operations direesyit allows
climate risks to be valued in monetary terms amtl@ancorporable into port business models. Howdwefore the
method is employed for such purpose, its compdtibivith port operations should be firstly examinebhe
assessment of the compatibility was conducted bjuating the applicability of all steps into popeavations.

The first step of determining the specific finahgarformance indicator of a port has been paytipktrformed in
Chapter 3.2, in whicmet annual cash flow from port operatiomsgs found to be the most suitable indicator for
assessing the magnitude of each climate risk ofithacial performance of a port. However, as gadyate operator

in a landlord port holds a concession for not anlyear, but a much longer time period (i.e. upGgé&ars, according
to Becker et al. (2012)), theet present value (NPV) of all cash flodsring the concession is a better fit for Weather-
VaR application. Furthermore, the second step, hwhéquires an identification of various climateksisin port
operations, could be conducted using the preseiitedte risks and opportunities assessment matri@hapter 3.2.
The relevant port stakeholders can be consultedilfimg the matrix. Also, archives of historicateerse weather
events that affect the operations could be exanfmreensuring the accuracy of the evaluation.

The third step can be performed as long as thedtapa adverse weather events on WV of all cash flowsire
known or can be approximated. For instance, theatgpof a certain sea level and wind speed onahkke ftows can
be assessed quite well. Firstly, any sea level alpovt infrastructures causes flooding, leadingljoa reduction of
revenuefrom port operations and (2) increases incapital and operating expenséy reinstating the affected port
assets and enhancing its operational procedursgsectvely. Secondly, the higher the wind speeelntlore difficult it
is for crane operators to perform goods handlirdystoring sub-operations. Therefore, port operatame expected to
be slower as the wind speed rises. In this caseetlenuevould be declined. Moreover, during extreme windres,
cranes and stacked containers could fall down aadigmaged. These events would raisectptal and operating
expensesf the port for repairing or replacing the craned aompensating the damaged goods to clients,ctaplg.
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The fourth step, in which the probability of ocamce of adverse weather events is modelled andiateal, is
dependent on the availability of historical datatlod significant weather variables. In practicds tstep could be
executed without any significant hurdle as marnadfic controllers generally have access to metegroal stations
situated nearby their ports (PIANC, 2012b). Themfdhe sensitivity of the financial indicator taoh significant
weather variable can be combined with the prokghbilf occurrence of the associated adverse weathemts for
performing the recommended last step of valuingaie risks in monetary terms.

However, before the proposed final step is condlj¢tes future projections of the significant weathariables should
be developed to value climate risks in any futuearywithin an appropriate assessment time framee@me future
values are recognized, the potential impact of afenrisks on theNPV of all cash flowgan be evaluated using
discounted cash flow analysis. The analysis takés account the expected accumulation of internesich is
translated into the assessment discount rate.elrcdintext of Weather-VaR application for valuingmelte risks in
ports, the rate can be used to discount future@iiahlosses into their present values using teviing equation:

1
Present Value = m * Future Value

, Where d is theliscount rateand t represents the number of years from theepte$he first term is generally referred
to as thediscount factorfor converting future values into the present ofyssumming all of the present values, the
Weather-VaR of the impact of climate risks on MV of all cash flows from port operatiocan be evaluated.

5.2 Approximating the Viability and Efficiency of Clima te Adaptation Investments in
Ports
Once the significant climate risks are valued efoort business model in monetary terms, the fi@hn@bilities and
efficiencies of the feasible climate adaptationeistient options for the port can be evaluated. Bhisecause the
costs of adaptation measures are directly comparabléhédbenefitsoffered. Thebenefitsmostly consist of (1)
reduction in revenue lossemd (2) mitigation of increases in capital and operatingperditures As the gained
benefitsare likely to last for an extended time periodhlgimg discounted cash flow analysis is essentiadsess the
financial viabilities and efficiencies of differeatiaptation investment options.

In this regard, all futurbenefitsandcostsof each investment option can be transformedtimeg present values using
an appropriate discount rate. The sum of all pteggines determines thi¢PV of the optionThe decision rules of the
assessment are based onNif®/, such that (1) if there is only one option beiongsidered, one should proceed with it
if its NPV is positive and (2) if there are multiple optioreiry evaluated, then one should select the optitm tive
highestNPV, given at least one of them generates positi®/ (Boardman et al., 2011). However, it is currently
uncertain whether performing the measures at tlusemt will always be beneficial as the future cliengs rather
unknown and so do the benefits of adaptation.ifiale change turns out to be lower than the prelyoexpected, the
measures would be financially unworthy.

Therefore, ROA is a suitable complement to WeattedR- as it is capable of determining the financiafigble and
efficient investment option under the uncertairufatdevelopments. As described in Chapter 1.5sfneadsheet
analysis variant of ROA proposed by de Neufvilleakt(2006), which simplifies the valuation of regdtions for
engineering projects, was selected for assessimgvidbilities and efficiencies of different investm options in
adapting a port to climate change. The analysidlynosnsists of three main steps, which are:
e Step 1:Develop a MS Excel spreadsheet that computedNB¥é of an investment optido adapt a port to
climate change based on itmstsand expectetienefitsof the option in each year within the projecttiifiee.
» Step 2:Explore the implication of uncertain future conalition theNPV by considering different possible
future scenarioach scenario leads to a differ&RV of the optionThe collection oNPVs of the optiom
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different future scenarios can be employed to dater (1) theexpected NPV of the optiand (2) the
distribution of possibl&PVs of the optiotaking into account the uncertain future climdtee expected NPV
is simply defined as the average of all possikifeVs Moreover, the variation in possibNPVscan be
presented in a cumulative distribution functionttdacuments thé&/alue at Risk of the optioat a certain
confidence level. Similar to Weather-VaR, telue at Risk of the optios defined as the lowest possible
return on the investment option at the confidereellof the investor.

« Step 3:Analyze the contributions of other feasible investinoptions in adapting the port to climate change
by altering thecostsand expectedbenefitsto reflect these options. The investment optiorhwiite highest
expected NP\tould be considered as the financially efficiene.oMoreover, the/alue at Riskof each
investment option can be employed to describaitsstment risk.

In fact, the proposed application of Weather-VaRcdbed in Chapter 5.1 is interrelated to the fivgd steps of
spreadsheet analysis because it assesses thegdotepacts of climate risks on tiéPV of all cash flows from port
operations As the reduction or elimination of the potentrapacts are considered as tienefitsof climate adaptation
in ports, a MS Excel spreadsheet can also be deseldor conducting the Weather-VaR analysis. I1s tay,
Weather-VaR and ROA could be linked effectively agproximating the viable and efficient climate ptasion
investment option for a port.

As spreadsheet analysis allows one to compute thetbxpected NP\And Value at Rislof each climate adaptation
investment option, it can be employed for both mation and regret-minimization objectives. On drand, if a
financer prefers to optimize its climate adaptatiovestment, the option that maximizes thepected NP\¢ould be
recommended as it is most likely to be the efficiene. On the other hand, if the financer preféws tegret-
minimization approach, the appropriate investmepttoos could be the ones with positivalues at RiskThis is
because the probability of having investment I@ssfwe reduced to the risk tolerance of the invdstatoing so.

Based on these two rationales, in this thesisyitigle and efficient climate adaptation investmeption for a port is
operationalized as the one with the highegbected NP\Among those with positivRalues at Risklf no feasible
option has a positiv€alue at Riskit can be concluded that adapting the port tm&ie change by any means will lead
to an investment risk that is higher than the tidkrance of the investdr In contrast, an option with a positivalue

at Riskimplies that the risk of having negative return tie investment is smaller than his/her risk toleean
Therefore, it could be considered as a viable altleough it can still lead to financial loss.

5.3 A Framework for Estimating the Viable and Efficient Options for Investing in
Climate Resilient Ports

In summary, the combination of Weather-VaR and R®@A potential to enhance the effectiveness of idacmaking

about (1) the financial viabilities of differenta®ible climate adaptation options for a port andtk2 financially

efficient adaptation option for the port. Figur€ Shows a proposed framework for approximating fihancially

viable and efficient climate adaptation investmaption in a port.

The first four steps exactly follow those recommeshédy Toeglhofer et al. (2012) for applying WeatiflaR method.
However, as elaborated in Chapter 5.1, in ordendorporate climate change effects into the assesseffectively,
two additional steps are required. The first additis the generation of future scenarios of thewvastt weather
variables within an appropriate assessment timadrdn this way, climate risks in any relevant fetyear can also
be monetarily valued. Afterwards, the recommendaest dtep by Toeglhofer et al. (2012) is executeayhich (1) the
sensitivities oNPV of all cash flows from port operatiottsthe significant weather variables and (2) thabpbilities

10n this thesis, the risk tolerance of the invesatefined as the acceptable chance of havingdiedss/her investment. It should
be employed to derive the confidence level for cotimy theValues at Rislof different investment options. As illustrated in
Figure 5-1, the confidence level can be simplyrdsfias (1 — Risk tolerance of the investor).
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of occurrence of adverse weather events in theeptesd future are combined. In the end, the seadddion of the
determination of the assessment discount rateggestied. This is because the rate is needed texdhe potential
future costs of climate risks into their preseritiea. In this way, th#Veather-VaRn a port can be evaluated.

The subsequent two steps are grounded on the shestdanalysis variant of ROA. The eighth stephis t
identification of effective climate adaptation mees for a port and their costs in different adégmaoptions. This is
directly related to the Steps 1 and 3 in spreadsiradysis proposed by de Neufville et al. (200@)ich requires the
knowledge of potentidbenefitsandcostsof different options for adapting the port to dhite change. In the end, the
expected NP¥ndValue at Rislof each investment option are evaluated. As desdrib Chapter 5.2, the option with
the highestexpected NP\among all options that have positivialues at Rislcould be regarded as the viable and
efficient one for the port. Moreover, Figure 5-2anlly specifies that Steps 2 — 9 should be repeated shift in any
influential weather variable occurs and/or addiiloknowledge about climate risks in the assessedip@btained.
Further, Steps 5 — 9 and Steps 7 — 9 have to perfermed whenever changes in the appropriate fiemee and
discount rate are required, respectively. The sduation step is highly recommended to ensure tiseracy of the
recommendation for the viable and efficient climatiaptation investment option.

‘Identify a financial indicator as a proxy of climate risks:Net present value‘

Weather-VaR

frame and/or discount rate

Identify the effective adaptation measures and their costs in different
adaptation options

Step &
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Figure 5-2: An assessment framework for estimatiegfinancially viable and efficient adaptation igptin a port

5.4 Incorporation of Non-Financial Impacts

Up to this section, only (1) financial impacts aft@ntial adverse weather events and climate chang®rts and (2)
financial contributions of the effective climateaqdation measures for ports are discussed anddesadi However,
as stated in Ligteringen and Velsink (2012), intdmmnefit analysis of any port development projdog long-term
social and environmental impacts should also beidiec. Moreover, as ports are of great importancetonomies
(Dwarakish & Muhammad, 2015), the economic lossugadl by any adverse weather event in ports could be
significant. The non-financial impacts of the eweand the effective climate adaptation measuredbeancorporated
into the assessment using Social Cost-Benefit Amglyvhich could translate them into monetary v&llitowever, as
discussed in Heinzerling and Ackerman (2002), thelyesis is only appropriate if the non-financialpacts can be
monetized with considerable accuracy and fairnédhough the usefulness and indispensableness df s
assessment is acknowledged, it is not part of tbeemt study and is therefore not considered fuithie research.
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Chapter 6 - Case Study on Terminal Maritimo Muelles el
Bosque

Stenek et al. (2011) have conducted a climate askessment for Terminal Maritimo Muelles el Bos(iudMeB), a

general cargo terminal in Cartagena, Colombia. Sthdy has identified (1) the key climate risk thatild negatively
impact the terminal operations, (2) reduction ie terminal revenues and increases in its capitdl @erating
expenses as a result of climate risks materiatina(i3) effective climate adaptation measuresterterminal and (4)
the costs of the measures.

Their analysis has also attempted to evaluate thigilities of two different investment options ihet measures.
Nevertheless, their results could still be improwsedthey did not address several aspects with degaclimate

adaptation in a port. First of all, they assumeat #ea level rise, which turned out to be the Rayate risk for the

terminal, follows one of the two developed sea llgu®jections (i.e. linearly and exponentially nigi scenarios).
However, as described in Church et al. (2014, g1),ithe future sea level rise is rather unceréaid therefore the
average annual sea level in TMMeB in the futuretade up any value within a wide range of sea leMe¢refore, the
analysis has not incorporated the uncertainty afubute climate sufficiently.

Secondly, their assessment did not consider vafeasible adaptation options for the terminal amly appraises two
sets of adaptation options. The first set of oi®to raise the causeway once by 600mm and 1j/200mnthe
beginning of the assessment time frame (i.e. 20b@er the linearly and exponentially rising seaelescenarios,
respectively. These options can be consideredflexilnie ones as the causeway is only raised onca bufficient
amount to cope with future sea level rise until &mel of the assessment time frame (i.e. 2100hdnsecond set of
options, which can be regarded as flexible onasctuseway is elevated by 200mm three times aniihsis within
the assessment time frame in the linearly and exmaally rising sea level scenarios, respectiv@lgsed on the
considered options, it could be further deduced the assessment might have not addressed the dégiexision
making under uncertain future climate as it simpdgumes that the terminal stakeholders are knoeddxdig about
which future sea level scenario will actually occur

In reality, based on the outcomes of the studytehé&k et al. (2011), COMPAS S.A, the private teahioperator,
have invested in a climate adaptation of raisingtedminal infrastructures vulnerable to seawateoding by
1,500mm (Perez, e-mail communicatioff. Aine 2016). As the adaptation level was considerae than sufficient
to prevent TMMeB from seawater flooding until 21@®9 implemented adaptation option could be thowdlas an
inflexible one. Even though the terminal has beergoted against the risk of seawater floodingractice, TMMeB
case was still found appropriate to illustrate hibe assessment framework developed in Chapterdhiiloutes to
viable and efficient climate adaptation investmenta port. Therefore, in the study, it was fictitsly assumed that no
adaptation has been undertaken yet at the termiihal.outcomes of the fictitious case study willidade whether
other options could have also been consideredh&umbre, in order to maintain the coherency of thesis, which
demarcates ports as container terminals, the staly limited to the potential impacts of climateksison the
containers handling, transportation and storingatmns in TMMeB.

To illustrate the potential contribution of the stmicted framework presented in Figure 5-2, a nitgjof this chapter
is dedicated for elaborating the application of finemework on the fictitious case of TMMeB. At firsan
implementation of Weather-VaR method to value tlgmiBcant climate risk into the terminal busines®del is
presented. Then, the financially viable and effectadaptation option for the terminal is estimatsihg ROA.
Afterwards, the results of sensitivity analysis tbE recommended option to the key financial paramend
assumption are presented to discuss the robustriietb®e recommendation. In the end, the generatinatif the
framework is discussed based on the case study.
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6.1 Weather Value at Risk in TMMeB

In this section, the outcomes of the applicatiorthaf first seven steps in the proposed assessmanewvork are
reported. As elaborated in Chapter 5.3, the stepserived from Weather-VaR method to value climéks into the
terminal business model. Therefore, téeather-VaRin TMMeB was expected to be the end-product o thi
assessment.

6.1.1 Step 1: Identify a Financial Indicator as a Proxy ¢ Climate Risks in TMMeB

As discussed in Chapter 5.1, thatential effect of climate risks on tNeV of all cash flows from TMMeB operations
is the most suitable indicator for this assessmaritenek et al. (2011), (1) the expecteshual revenue of TMMeB
from its containers-related operations from 201%ams, (2) thdinancial values of TMMeB assetsisceptible to
climate risks and (3) thmaintenance costs of the assatfnerable to the risks are reported. As they araponents
of all cash flows from TMMeB operatioasd they are sensitive to adverse weather eveawsnpue of TMMeRnd
capital expenditures of TMMeBere employed as the proxies.

Climate risks could impact them in two differentysaFirstly, they would disrupt the terminal opeas, such that
the revenue of TMMeBs reduced. Secondly, as the operator has to recowvd/or replace the damaged assets
following any adverse weather event, the additianaintenance and/or replacement costs are exptrtetise the
capital expenditures of TMMeB o simplify this case study, the factors of téxat as well as depreciation and
termination values of assets are not consideratieif are later found significant by terminal stakeers, they could
be incorporated into the evaluation.

6.1.2 Step 2: Determine Weather Variables with SignificahInfluences on the Indicator

The analysis by Stenek et al. (2011) suggests ttieatimpacts of seawater flooding are significantTtdMeB
operations as it would reduce tlerenue of TMMeRNd raise theapital expenditures of TMMeBigure 6-1 presents
the historical data of sea levels in TMMeB for gexiods of 1951 — 2002 and 2006 — 2014, which wéseted from
the database of University of Hawaii Sea Level €e(2016). It shows that the average annual sed levi MMeB
has a rising trend in the past.
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Figure 6-1: Historical data of sea levels in TMMéBSource of data: University of Hawaii Sea Levehtge (2016)

Moreover, in the figure, blue dots represent theraye sea level in each of the observed yearse wiel vertical bars
represent the range of sea levels in a given Yéwr bars indicate that the sea level in TMMeB \sasignificantly in a

1 The data for the period of 2003-2005 is not atdélan the database of University of Hawaii Seadléenter (2016).
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year. The variation is mainly contributed by (1Yyigtion in astronomical tide (up to +/- 360mm afidtuation), (2)
seasonal variation (up to +/- 150mm of fluctuatian (3) storm surges, whose impact varies frorm¥8@ue to a
storm event with 1-year return period to +170mm tlua storm event with 300-year return period (8keat al.,
2011).

As shown in Figure 6-2, the terminal areas relevamontainers handling, transportation and stodoigsist of quay,
island yard, causeway and empty stock. The lastrégmns were at high risk of seawater floodingheey were only

about 400mm — 500mm above the expected averagesstdn 2015, while the sea level at any time ipaaticular

year can be up to 680mm higher than the averageahtavel. In fact, they had already been floodadskeveral days
in 2002, which was perhaps caused by the combmatichigh tide, peak seasonal variation and a varg storm

event as the maximum sea level in that year waatat0mm higher than its average annual level. reigs2 also

depicts that the causeway is of great importancéefoninal operations as it is the only route tt@tnects the island
and mainland areas. Therefore, the mobility of elelsi and goods within the terminal, and hencerévenue of

TMMeBwill be negatively affected if it is flooded.

N
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Figure 6-2: Topography of TMMeB before it was rdisadapted from Stenek et al. (2011, p. 58)

6.1.3 Step 3: Determine the Sensitivity of the Indicatoto Seawater Flooding

The report by Stenek et al. (2011) has presenteditlancial consequences of seawater floodinghis $tudy, the
consequences were slightly altered to classify theen(1) reduction in theevenue of TMMeRBnNd (2) increase in the
capital expenditures of TMMeRirst of all, it was assumed that the whole gditals in TMMeB is halted whenever
the causeway is flooded and hence the expewteenhue of TMMeRluring any flooding event is zero. From the
projection of annualevenue of TMMeBom 2016 onwards described in Stenek et al. (20th&)impact of causeway
flooding on therevenue of TMMelh any year from 2016 to 2032 (i.e. the remainingaession period of COMPAS
S.A)) was evaluated, as shown in Appendix D.1l.ummmary, based on two arbitrary assumptions of (IMEB is
operated for 24 hours a day and (2) the flow oft@iokers is uniform throughout the day, the impaaswexpected to
vary from USD 2,931 per flooding hour in 2016 to&,703 per flooding hour in 2082

Secondly, the increase in the maintenance costiseotauseway and hence the raise incédngital expenditures of
TMMeBwas unknown and therefore had to be estimatedhidrstudy, it was supposed to be USD 35,000 pediiay

event, which is equivalent to the monthly mainteracost of the road during high precipitation pgriStenek et al.,
2011, p. 69). But, in reality, the increase couddhigher as a result of the saltwater intrusioo thie causeway. In

12 Theannual revenue of TMMefBom containers handling, transportation and stpis expected to increase with an annuall
growth rate of 3% (i.e. from USD 25.7 million inE®to USD 41.2 million in 2032) (Stenek et al., 20f. 37).
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order to account for this uncertainty, the fact@sveonsidered in the sensitivity analysis, whictaier described in
Chapter 6.3. However, the impacts of flooding irpgmstock have not been reported in Stenek eR@lX) and hence
could not be incorporated into the case study. dfbes, the conducted analysis is likely to undemese the potential
impacts of climate risks on the financial performaiof TMMeB.

6.1.4 Step 4: Describe the Distribution of Sea Level in MMeB

As previously depicted in Figure 6-1, the distribntof sea level in TMMeB has a rising trend froeay to year.
Therefore, to determine the distribution in a matr year, the historical data of hourly sea Isvaeleach observed
year was normalized with respect to the correspmndierage annual sea level. Figure 6-3 preseatdistribution of
the normalized data of hourly sea levels in TMMeBthe periods of 1951 — 2002 and 2006 — 201dicates that
the data is approximately normally distributed wétstandard deviation of 123rimTo capture the rising trend of sea
level in TMMeB, the distribution was modified fone sake of the case study analysis. This was adistrag by
simply shifting the distribution in Figure 6-3 sutiat the mean of the distribution matches the mestnt average
annual sea level or the expected average levehynyaar in the future, while the standard deviatiees kept at
123mm.
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Figure 6-3: Histogram of the normalized sea level$MMeB from 1951 to 2014

6.1.5 Step 5: Generate Possible Future Scenarios of Seauel in TMMeB

The sea level distribution in TMMeB in a particujagar in the future is unknown and therefore sé\saenarios were
needed to account for this uncertainty. In thiggiuyrojections of global mean sea level rise fr2000 to 2100
developed by the Intergovernmental Panel on Clirtdtange (IPCC) presented in Church et al. (2014181) were
employed to generate the required future scenafissa level in TMMeB. The interpolations of IPC@ygest that the
average sea level in TMMeB in 2032, which was abergid to be the appropriate assessment time hofizathis
study taking into account the concession periocd@MPAS S.A, will be within the range of 960mm —22hm'4,

To ensure the quality of the cumulative probabititgtribution generated by ROA at a later stagd) 4@ narios of
future sea levels in TMMeB from 2015 to 2032 weoasidered in the study. As presented in Figure &l4of the

13 A normal probability plot of the data is preseniedppendix D.2.
14 The derivation of the range is presented in Appebd3.
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scenarios were generated such that their averageabgea levels in 2032 are uniformly distributetieen 960mm —
1,022mm. The lowest sea level rise scenario wasldp&d such that it is linearly rising, while tlest of the scenarios
were constructed as exponentially rising ones.dchescenario, the standard deviation of sea leig#ilition in
TMMeB in a particular year was maintained at 123benause the future sea level variance still cabagirojected
with acceptable accuracy (Church et al., 2014,200). As a consequence, the potential increas@erdéviation
because of more intense and more frequent seaganation and storm events was not considered. efbig, this
study could underrate thgotential impact of climate risks on tiPV of all cash flows from TMMeB operations
However, for the purpose of an illustrative caselgtthe simplified approach was deemed acceptable.
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Figure 6-4: Scenarios of future sea level in TMMeBSsidered in the study

6.1.6 Step 6: Combine the Sensitivities with the Currenaind Future Sea Level Distributions

The financial value of climate risks in TMMeB inyagear under each sea level rise scenario can teendeed by
combining (1) the sensitivity ddll cash flows from TMMeB operations seawater flooding and (2) the future sea
level distribution in the terminal. At first, frothe developed sea level distributions for all cdesed years under each
scenario, the number of causewifgoding hoursin each year can be evaluated. Afterwards, thebeuman be
converted into the undiscountedlue of climate riskssing the following formula:

Value of climate risks in a year
= —Flooding hours * Loss of revenue per flooding hour — Raise in capital expenditures

The first term represents the reduction in the ahravenue offMMeB, while the second term simply describes the
increase in theapital expenditures of TMMeflue to causeway flooding. Bolitss of revenue per flooding hoand
raise in capital expenditurbave been described in Step 3. In the computatiorgs assumed that all flooding hours
in a year are interconnected. Therefore réige in capital expenditureer recovering the causeway after it is flooded
could be directly set to USD 35,000 per year. Ssiamplification was made as a result of the absearicgetailed
seawater modelling, which could estimate at whictrk in a particular year are the causeway inudd#tepractice,
the flooding hours could be disconnected and h#memisewould be higher. In this case, the impact of clinasks

on the financial performance of TMMeB would be meignificant. As an illustration of the executiohQtep 6, the
calculation ofimpacts of climate riskg all considered years under both the lowest thedhighest sea level rise
scenarios is presented in Table 6-1.
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6.1.7 Step 7: Determine the Discount Rate for the Assessmt

As the terminal is operated by COMPAS S.A (Peranaé communication, ® June 2016; Stenek et al., 2011, p. 7),
the discount rate of the private operator was eyguidor the assessment. Stenek et al. (2011, pind@ate that a
nominal discount ratef 16% was employed by the operator for the teritenning purpose. According to Stenek
(e-mail communication, 3May 2016), therate was derived based on the weighted average cagtil of the
operator, who was responsible for financing climedaptation in TMMeB. In this case study, in ortieeffectively
exclude the inflation factor, i@al private discount ratevas used. Based on DNP (2013, p. 7) and Stendk(2041,

p. 36), it could be estimated that the expected-tenm inflation rate in Colombia is 8% per y&al herefore, theeal
private discount ratevas set at 8% per yéér

Table 6-1 shows the calculation of tingpacts of climate risks on the NPV of all caslw#i from TMMeB operations
under the lowest and the highest sea level riseasites. The computation indicates that the actuaintial value of
the risks was expected to fall within the range-0ED 1.52 million and —USD 0.80 million. By applgitthe same
analysis under the other constructed sea levelsgsearios, a cumulative probability distributidntle impactwas
derived, as presented in Figure 6-5. Based on i#tgbaition, by assuming a confidence level of 95k& Weather-
VaRin TMMeB was found to be approximately —USD 1.47lion. Or, in other words, the reduction §PV of all
cash flows from TMMeB operationgould not exceed USD 1.47 million, unless anyha worst 5% of future sea
level rise scenarios occurred.

Table 6-1: Examples of calculation of the potenitigbacts of climate risks in TMMeB

Lowest Sea Level Rise Scenario
Impact of Climate Risks
(2010 USD)
Undiscounted Discounted

Highest Sea Level Rise Scenario
Impact of Climate Risks
(2010 USD)
Undiscounted Discounted

Revenue
loss/floodin i
g Factor Flooding
hour Hours

Discount

Flooding
Hours

2016 2,931 1.00 7 -55,515 -55,515 8 -58,446 -98,44
2017 3,019 0.93 8 -59,150 -54,768 9 -62,168 -5%,56
2018 3,109 0.86 8 -59,874 -51,332 11 -69,202 9,3
2019 3,203 0.79 9 -63,823 -50,665 13 -76,633 $0,8
2020 3,299 0.74 10 -67,986 -49,972 16 -87,778 518,
2021 3,398 0.68 11 -72,373 -49,256 18 -96,156 445,
2022 3,499 0.63 12 -76,994 -48,519 22 -111,989 570
2023 3,604 0.58 13 -81,858 -47,763 26 -128,716 , 1055
2024 3,713 0.54 13 -83,264 -44,985 31 -150,091 ,088
2025 3,824 0.50 14 -88,536 -44,290 36 -172,664 375
2026 3,939 0.46 16 -98,019 -45,402 42 -200,426 83
2027 4,057 0.43 17 -103,967 -44,590 49 -233,787 00,267
2028 4,179 0.40 18 -110,214 -43,768 57 -273,179 08,4183
2029 4,304 0.37 20 -121,079 -44,520 67 -323,364 18,900
2030 4,433 0.34 21 -128,094 -43,611 77 -376,345 28,131
2031 4,566 0.32 23 -140,019 -44,140 89 -441,378 39,141
2032 4,703 0.29 24 -147,873 -43,163 104 -524,115 152,984
Impact of climate risks on NPV of TMMeB (2010 USD)| -806,259 -1,520,017

15 DNP (2013) suggests that the Colombian governisesrnploying anominal social discount ratef 12%, while Stenek et al.
(2011, p. 36) describes that tteal discount ratdor the nation is 3.5%.
16 Real discount ratés approximately equal to the difference betweeminal interest rat@ndinflation rate (Boardman et al.,
2011). Therefore, the appropriatal discount ratdor climate adaptation investments in TMMeB is 8%. 16% - 8%).
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Figure 6-5: Cumulative probability distribution ohpact of climate risks on Net Present Value of Té8M

6.2 Estimation of the Financially Viable and Efficient Adaptation Option for TMMeB

6.2.1 Step 8: Identify Climate Adaptation Options for TMM eB and Their Costs

Based on the outcomes of the climate risks assesstoaducted for TMMeB, Stenek et al. (2011) haveppsed
several adaptation measures for the terminal. Tiye relevant measure for containers handling, partation and
storing is raising the causeway. According to Stesieal. (2011, p. 64), elevating the causeway iregtixed and
variable costof USD 30,000 and USD 50,000 per 100mm of incremesipectively. Moreover, the time needed to
raise the causeway by 200mm was estimated to bk @pkrational day. The short construction timexplained by
the fact that the causeway was just a dirt roadtekfore it was relatively easy and low in casgét elevated. The
existence of retaining wall at the sides of thedrallowed it to be raised through simple additidmmuaterial (e.g.
gravel and asphalt), assuming the walls are ofcdeifit strength to support the weight of the adohederial (Stenek et
al., 2011, p. 60). Because of this assumption atitbor admits that the strategy of gradually rgdime causeway
using the proposed material addition technique migit be a sustainable solution for TMMeB. Neveehs, the
causeway has been raised by 1,500mm in practicey ube method. Therefore, in this study, raisinggtto an
elevation level of 2,800mm was considered as adfieegdaptation solution.

Therefore, various adaptation options for the camgecould be considered. In this step, they werged from
100mm to 1,500mm with an increment of 100mm. Thestwoiction time required to raise the causeway asasimed
to be linearly increasing with the adaptation lear instance, the required time to raise the eaag by 100mm,
200mm, 300mm and 400mm were supposed to be 0.5lddgy, 1.5 days and 2 days, respectively. As dusevay
has to be closed during the construction, the témludn the revenue of TMMeRluring the closure was also
considered as an addition to thariable costof the adaptation. In reality, the relationshipviestn the construction
time and increment level is not necessarily a lilyeproportional one. Nevertheless, such simplifma was made
because of the time limitation of this researchaA®nsequence, the outcomes of ROA conductedsirstidy do not
generate an accurate recommendation or consultan@iMeB, but merely serves as an illustration &mplying the
assessment framework presented in Figure 5-2. &atipe, the accuracy of this study should be erdgtirzy
performing an in-depth engineering feasibility &sseent for raising the causeway.
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6.2.2 Step 9: Compute the Net Present Values of the Feblg Adaptation Options for TMMeB

While the costsof each adaptation option for TMMeB have been tified in Step 8, itsbenefitsstill have to be
evaluated in order to compute tN®Vs of the optioim different future sea level scenarios. The pidbenefitsof
raising the causeway in a particular year in amstered scenario comprise of (1) reduction inltiss ofrevenue of
TMMeBand (2) mitigation of increase in tlapital expenditures of TMMeB herefore, the following formula was
employed for computing the annumnefit

Annual benefit
( [(Flooding hoursy, aaaptation — Flooding hoursy e, adaptation) * Flooding cost per hour]
,if Flooding hoursyth adaptation > 0

[(Flooding hoursy, aaaptation — Flooding hoursy ey, adapmtion) * Flooding cost per hour
l + Raise in maintenance cost], if Flooding hoursytn gaaptation = 0

The formula suggests that if the number of floodigirs in a particular year is successfully reducedero by an
adaptation option, the annua¢nefitof the option consist of not only reduction in tbss ofrevenue of TMMeBbut
also elimination of the need to increase ¢hpital expenditures of TMMeBlowever, if the causeway is still flooded,
the annualbenefitswill only comprise of reduction in the loss ofvenue of TMMeBThis is because additional
maintenance will still be required for the causewalyich induces the raise in thapital expenditures of TMMeB

Once the annudienefitsfor each option under different scenarios are knoROA can be executed to approximate
the viable and efficient adaptation option for TMRIeA summary of ROA results is presented in Tabi2. 6t
indicates that raising the causeway by up to 90Gsrinancially viable at the present time as Wadues at Riskf the
associated climate adaptation investment optioagasitive, assuming a confidence level of 95%. @dwer, Table
6-2 shows thexpected NPVef all viable options. From thegxpected NPV§t can be concluded that the option of
raising the causeway by 200mm is currently theniomeally viable and efficient one as it has not oalpositiveValue

at Risk but also the highesixpected NP\among all viable options. To further illustrate thetcomes of ROA,
cumulative probability distributions ®iPVsof raising the causeway by 100mm, 200mm and 300asmvell as their
Values at Rislkandexpected NPVare presented in Figure 6-6.

Table 6-2: Summary of the financial viabilities aféiciencies of different adaptation options féfWeB

The financially

Adaptation option for 5% Value at Risk of NPV of Viable? Expected NPV viable and efficient
causeway adaptation investment (2010 USD) (Yes/No) (2010 USD) st
+100mm 626,474 Yes 818,727

+200mm 621,368 Yes 905,241

+300mm 536,199 Yes 820,072

+400mm 451,029 Yes 734,903

+500mm 365,860 Yes 649,733

+600mm 280,691 Yes 564,564

+700mm 195,522 Yes 479,395

+800mm 110,352 Yes 394,226 +200mm
+900mm 25,183 Yes 309,056

+1,000mm -59,986 No N/A

+1,100mm -145,155 No N/A

+1,200mm -230,325 No N/A

+1,300mm -315,494 No N/A

+1,400mm -400,663 No N/A

+1,500mm -485,832 No N/A
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Figure 6-6: Cumulative probability distributions biet Present Values of several adaptation option§MMeB

6.3 Sensitivity Analysis

A series of sensitivity analyses was also conduttieghalyze how the recommendation of the finahcidhble and

efficient adaptation option for TMMeB is affectegl the employed discount rate and assumptions. Tudy ©f the

sensitivity to discount rate could also be utilizedexplore whether the recommended option willaliered if the
analysis is conducted from a social perspectivié thie average cost of capital of the financerhiarged. Moreover,
evaluating the sensitivity of the recommendatiorth® assumptions allows an assessment of the resssof the
recommendation. As described in Chapter 6.1 angt€h&.2, five main sets of assumptions were useihiplify the

case study, which are listed as follows:

Assumptions Set 1The raise ircapital expenditures of TMMeBduced by causeway flooding was assumed
to be the same as the maintenance cost of thewayskiring high precipitation month, which is USB,300
per year. Moreover, the flooding hours in any yweare considered to be interconnected, such thahthease
in capital expenditures of TMMeB materialized at most once in a year. To acctumiese simplifications,
the raise ircapital expenditures of TMMekRas varied from USD 35,000 per year to USD 1400&0year. In
this way, any potential increase in the maintenasust of the causeway to USD 70,000 per floodingnev
and the probability that flooding events can oaquto 2 times in a year can be evaluated.

Assumptions Set 2The effect of empty stock flooding on tN&V of all cash flows from TMMeB operations
was not considered in the case study. In fact, #oolding is also expected to raise tapital expenditures of
TMMeBand subsequently increase the negative effedi@NRV of TMMeB But, because of the absence of
costs of adaptation options for the empty stock, simplification was not considered in the senijtiv
analysis.

Assumptions Set 3:The study assumes that the variance of annual eses dlistribution in TMMeB is
constant throughout the assessment time frame. ¥owelimate change could induce more intense ameém
frequent seasonal variations and storm events, thattthe variance can be expected to rise witk.timthis
way, the viable and efficient adaptation level cooé altered. Nevertheless, potential changeseivdiniance
are rather unknown and therefore this uncertairgty mot addressed in the sensitivity analysis.

Assumptions Set 4To simplify the calculation of the effect of causswflooding on theNPV of all cash
flows from TMMeB operationswo arbitrary assumptions of (1) the terminal rapes for 24 hours a day and
(2) the flow of containers is uniform throughoue ttay were employed for the assessment. Theréfaee,
intriguing to evaluate the sensitivity of the assesnt outcomes to the simplification. Nonethelassa result
of the absences of extensive seawater modellingkand/ledge of accurate variance in container flomvs
TMMeB within a day, such sensitivity analysis coualot be conducted.
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* Assumptions Set 5:The construction time for raising the causeway wsasaply treated as linearly
proportional to the increment level in the assesgnia reality, it can be expected that the cortston time
increases with slower rate as the adaptation iswaised. This is mainly because causeway paveisnemty
required once regardless of the increment levellewthe linearly proportional assumption impliesittthe
road has to be paved whenever a volume of congtnugtaterials equivalent to the volume requiredaiee it
by 100mm is poured. However, because of the absginaecomprehensive engineering study for raisirey t
causeway, which was excluded from the scope of shusly, sensitivity analysis of the recommended
adaptation option to the construction times fofeddnt adaptation options was not performed.

This section reports the outcomes of the sengitigitalyses of the recommendation to &bnual discount rate
employed for the assessment and (2) increase irarthealcapital expenditures of TMMeBecause of seawater
flooding.

6.3.1 Sensitivity Analysis of the Assessment Outcomes iscount Rate

Although the appropriatdiscount ratefor the assessment has been determined, it whbestiéficial to examine the
sensitivity of the recommendation to tscount rateselection. Such analysis could serve the purposuibring
whether the recommendation will be altered if tdaation investment is assessed from the sogetapective, in
which thereal social discount ratéor Colombia (i.e. about 4%) should be employedtf® analysis. Moreover, the
financial structure of the terminal operator midget different in the future. According to The Woi@énk Group
(2016a), in the past 20 years, tuenualreal interest ratein Colombia fluctuated from 4% to 24%. Therefates
annual discount ratéor the sensitivity assessmamés varied from 4% to 24%, with an increment of 4&6account
for thereal social discount ratand potential fluctuation in theal private discount raten the future.

The outcomes of the sensitivity analysis are suna®drin Figure 6-7. As expected, thNPPV of each adaptation
option exponentially declines with thdiscount ratedue to the nature of thBPV computation. Moreover, the
assessment framework recommends dissimilar setgable adaptation options at differediscount rates For
instance, as shown in Figure 6-7, raising the caageoy 400mm is not viable when tihate of 24% is adopted.
Moreover, the efficient adaptation level is altecedte theateis raised from 12% to 16%. This is mostly explaibgd
the fact that the adaptation cost and the benatitsued in the very early period of the assessitn@et frame play
much higher weights than the benefits obtainednaétalds. Therefore, at a higlliscount rate minimizing the
adaptation cost is very significant for enhancing financial efficiency of the investment. Hende adaptation level
of 100mm prevails as it requires the least costrayradl considered adaptation levels.
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Figure 6-7: The sensitivity of Net Present Valukdifberent adaptation options for TMMeB to discotate
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6.3.2 Sensitivity Analysis of the Assessment Outcomes liacrease in Annual Capital Expenditures
Secondly, as described in the beginning of Chap&rthe annual increasedapital expenditures of TMMeBduced

by causeway flooding were altered from USD 35,088fyto USD 140,000/year, with an increment of USD
35,000/year, in order to account for (1) the pdesitigher maintenance cost as a result of saltwatarsion to the
causeway and (2) the possibility that two floodedents may occur in any year. The summary outcovhdbe
analysis are presented in Table 6-3. It indicdtas &s the rise in annuedpital expendituress higher, the number of
viable adaptation options increases. This is mainlytributed by the fact that tihenefitsoffered by each adaptation
option will be higher if the increase in annaabital expendituresxduced by causeway flooding is greater. Therefore,
more costly options become financially viable as #mnualexpendituresare raised from USD 35,000/year to USD
140,000/year. Moreover, Table 6-3 shows that thanftially viable and efficient adaptation optiom TiMMeB was
found insensitive to the raise in annaapital expendituresThe insensitivity arises as each adaptation npegeives
the same amount of additionanefitsonce theexpendituresire raised.

Table 6-3: Outcomes of sensitivity analysis ofrdf@mmmended option to the increase in annual cbkekpenditures

Increase in the annual capital expenditures  Financially viable adaptation The financially viable and
as a result of causeway flooding (2010 USD] options efficient adaptation option
USD 35,000/year Up to +900mm +200mm

USD 70,000/year Up to +1,300mm +200mm
USD 105,000/year Up to +1,500mm +200mm
USD 140,000/year Up to +1,500mm +200mm

6.3.3 Conclusion of Sensitivity Analysis

All in all, the conducted sensitivity analyses segjgthat the recommended climate adaptation oftioiMMeB is
rather robust with respected to the consideredhfiimh parameter and assumption. Firstly, it is ms#éve to the
increase imnnual capital expenditures of TMMeduced by causeway flooding. Secondly, the recendation is
not altered when theeal socialdiscount ratefor Colombia is employed for the assessment. Maredhe viable and
efficient option is unchanged when tta¢e is raised up to 12%. But, once tfae is varied to 16%, the recommended
option is altered to the one that minimizes tha obsdaptation in the very beginning of the assesd time frame
(i.e. +100mm adaptation level for the causeway).

The effects of other assumptions on the analygisstilt unknown as they could not be incorporated the present
sensitivity analyses. Therefore, it still could et deduced that the outcomes of the assessmefullgneobust to all
of the assumptions that were made for the caseg.skwdther, although the outcome of the study appeabe the
same as the recommendation advised by Stenek(@04all, p. 66), in which the causeway was suggestéé raised
by 200mm in the beginning of the assessment timend; it cannot be directly concluded that the deped
assessment framework reaches the same conclustba aralysis performed by Stenek et al. (2011)s iEhbecause
the fictitious case study only takes containersdhiag, transportation and storing operations in TeB/into account,
while Stenek et al. (2011) attempted to consides@rations in TMMeB. Moreover, different assesshigne frames
were employed. On one hand, this study found tiagppropriate time horizon for the analysis is2@3n the other
hand, Stenek et al. (2011) used an assessmentoinzen of 2100.

6.4 Discussion on the Applicability and Generalizabiliy of the Assessment Framework
Based on the conducted case study, the following alainformation are found important for applyithg assessment
framework presented in Figure 5-2 effectively:

e Components ofash flows from operations of the assessed port

« The significant climate risks for the port and tireievant weather variables.

« The potential impacts of the risks on each compbokrash flows from operations of the assessed port
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» Historical data of the relevant weather variablé$ appropriate quality for research purpose awif tiuture
projections within the assessment time frame.

e Appropriatediscount ratefor the assessment.

« Effective and feasible climate adaptation optiarstiie port and thezosts

Firstly, the components afash flows from port operatiorend the appropriatdiscount ratecan be identified by
analyzing the business models and financial strastwf the relevant port stakeholders. Secondly,siignificant
climate risks for the assessed port can be recedrby conducting a system-based and integratechidimisks and
opportunities assessment for the port. Thirdlyjradepth engineering study for adapting the portlbmate change
will allow the effective and feasible adaptatiortiops for the port, as well as theioststo be identified. Fourthly, the
potential impacts of the risks aash flows from port operatiortould be estimated based on the observed imp#cts o
the materialization of the risks in the past. bgstls discussed in Chapter 5.1, the historical détdne relevant
weather variables could be drawn from meteoroldgitzions situated within or nearby the port.

Although a majority of the required data has begrtessfully collected for the fictitious TMMeB caswidy, some
assumptions were still required to apply the assessframework on TMMeB. While several of them wibulot be
needed if an extensive sea water modelling and-aepth engineering study were conducted, sevénat® will still
be required regardless of how extensive the ddtacton and engineering analysis are. Firstly, theeases in the
frequency and intensity of sea level extremes @iillld not be projected with high confidence (Chuet al., 2014, p.
1200). As a consequence, it would be difficult todrporate the effect of more frequent and morenisg extreme
weather events into the assessment effectively.

Secondly, the assessment for TMMeB has not corexiddre potential additional benefits from executorge-off
adaptation strategy (i.e. raising the causewaycsesfitly high in the beginning of the assessmanetirame) and the
possible additional costs for performing the recanded phased adaptation option (i.e. graduallyingrishe
causeway). In fact, the additional benefits andscosuld be significant and hence are not neghkgibbr instance, by
performing a sufficient one-off adaptation in theryw beginning, the reputation of the terminal cobhélenhanced,
leading to increase in the terminal demand/call faexace higher financial profits for the operatarcl$ factor, which
is difficult to be quantified with acceptable acacy, would negatively affect the accuracy of theommendation
generated by the assessment framework.

Based on the two described limitations, it can drectuded that the accuracy of the assessmentatitiot be justified
with high confidence due to the absence of knowdealgout (1) future climate variability and (2) fivedal values of
intangible benefits and costs of different climataptation options. To compensate for the unavailgbormation,
several assumptions are required for applying thpgsed assessment framework on ports. Therefaregutcomes

of the assessment are subjected to the employadmp8ens, and so does the accuracy of the generated
recommendation.

Moreover, as TMMeB only faced one climate risk.(gea level rise) and hence the case can be atasas a rather
simple one, the generalizability of the framewark dther ports could not be directly confirmed histresearch. This
is because some other ports could face a varietyiroate risks, which would also occur at the saime. Therefore,
additional studies are imperative to evaluate artthece the generalizability of the developed fraoréw
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Chapter 7 - A Proposal for Allocating Climate Risks and
Responsibilities in Landlord Container Terminals

Once the financially viable and efficient optiom fapting a port to climate change has been foeshtit is essential
to acknowledge the responsible financers for thaptadion. Otherwise, the option, regardless ofeffectiveness,
financial viability and financial efficiency, wouldot necessarily be brought into action. As desdrilm Chapter 1.4
and Appendix A, in a landlord port, public-privagartnerships for its development and/or operateist.

In general, the authority is the owner of land #nde-scale port infrastructures and grants commesdgo private
operators for operating a terminal on a specifit pbr an agreed time period. The operations aréopeed using
superstructures and vehicles installed and ownetidoypperators. In this way, climate risks havelioapions to both
the authority and operators. On one hand, theydcdamage terminal infrastructures owned by the gothority,

which reduces not only the financial value of assstned by the authority, but also the functiogadit the terminal
and hence its attractiveness to private operatwtschents. Therefore, the impacts could later laceduction in the
revenues of the authority from concession fees port dues. On the other hand, the risks could hbsio the

operations of terminal operators and even damagje alsets, which induce reduction in their reverared financial
values of their assets.

Although the responsible financer for climate adéph in TMMeB has been clearly expressed, Sundgmarand
Suriyagoda (2016) claim that climate risks havelbsan explicitly considered and allocated to spepifrties in most
other cases. Therefore, the port stakeholder reggerfor financing each adaptation measure imel&d port might
not be readily apparent. In this regard, thereriged to explicitly allocate climate risks and @sgibilities to achieve
investments in their climate resiliencies.

This chapter aims to discuss the potential of aliog climate risks and responsibilities in landleontainer terminals
explicitly and effectively among port stakeholdefd. first, the most common partnerships and ridbcaltion in
landlord container terminals are described. Thescurrent practices to deal with climate risk¢hie partnerships and
their effectiveness are discussed. Subsequentty, brriers to incorporate climate risks into thetmerships
effectively are presented. Afterwards, based orcthieent practices and the identified barriersdglimes for climate
risks and responsibilities allocation in landlomhtainer terminals are developed. The potentiahefguidelines is
then confirmed by examining the success factorglionate risks and responsibilities allocation e tconstruction
and operations of Maasvlakte Il, the large poréesion of the Port of Rotterdam in the Netherlands.

7.1 Common Partnerships in Landlord Container Terminals

The public-private partnerships in an existing eargr terminal usually take the form of long-teade (Notteboom,
2007). In such contract, the port authority is oesible for providing and maintaining terminal watays and other
main infrastructures, while terminal operators stven quay-side facilities and other equipment.réturn to the
granted concession, they are required to pay ceiwcesees to the authority regularly. In the endhef concession,
the superstructures can be held by the authoritly @i without payment, depending on the stipulatgceements. In
this case, the partnerships model can also beifeé@sas an Equip-Operate-Transfer (EOT) one asoffexators are
required to (1) equip the existing terminal witleithsuperstructures and vehicles, (2) operate amidtain them, as
well as (3) transfer them to the authority in tinel ®f the concession. Port of Tanjung Priok in Imekia is one of the
existing container terminals that employ EOT pathi to enhance its operations.
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Text Box 7-1: Port of Tanjung Priok, Indonesia

The port is handling more than 50% of annual Ind@retranshipment cargos. Its operation is infaryokizown
as one of the least efficient in South East Asiih wn average turnaround time of 6 times of thathie Port of
Singapore (Artakusuma, 2012; Rizkikurniadi & Mutdji 2013). The port is a property of the Indonesian
government and currently being operated by twodjrmhich are the Indonesia Port Corporation anctiiason
Port Holdings. The private holdings entered the guough an EOT agreement with the state-owned &nd it
installed new equipment and provided training t@riove the crane efficiency from 18-19 moves penerper
hour in April 1999 to 24-25 moves per crane perrhiodate 2000 (Ray & Blankfeld, 2002).

In new terminal development, more options are fdasio allocate the responsibilities for (1) designand (2)
constructing the new terminal, (3) financing thexstouction and (4) operating the developed term{Nattteboom,
2007). In general, the authority grants the newetignment areas to private sector, which is respte$d design and
construct the relevant port infrastructures, firatite construction and equip them with essentip¢gtructures and
vehicles in support for the terminal operations.

As discussed in Aerts et al. (2014) and Nottebo2607), one of the frequently applied partnershipoms in the
development and operations of new landlord contdgreinals is Build-Operate-Transfer (BOT). Ingtipartnership
type, the port authority grants a concession toivafe firm or consortium to construct a new teratjrfinance the
construction, maintain and operate the terminalvel as obtain revenue from the operations aftede/avithin an
agreed time period (Notteboom, 2007; The World B&t07). Under a BOT contract, the private secéor @lso be
required to participate in designing the terminabmpto the construction, which resembles the comroonstruction
practice in the Port of Hong Kong (van Ham & Kopjaen 2002). In the end of the partnership, all anagority of the
developed assets are transferred to the authBuijd-Operate-Share-Transfer (BOST) is a varianBOIT, which is
also employed in several new terminal developmants operations. It is similar to the BOT one, thé tevenue
obtained by the private entity has to be sharet thi¢ authority. Nhava Sheva International Contairegminal and
Krishnapatnam Port are examples of terminals tlebperated under BOT and BOST partnerships, régpbc

Text Box 7-2: Nhava Sheva International Container €rminal, India

The terminal is the first private container ternhiand one of the most modern terminals in Indis.diévelopment
was executed by P&O Ports (now: DP World Limited) 1997 under a 30-year BOT agreement with the
Government of India at a cost of USD 200 millionP(DVorld Limited, 2013). The private firm completdte
construction before the schedule and commenceaobisations in 1999 (India. Ministry of Finance, @R1The
private participation in terminal operations resuit an impressive gain in its operational efficignFor instance
the average turnaround time in 2003-2004 was 1a@#4,dwhich was far superior than those in comparabl
container terminals operated by public sector (UREB, 2008).

Text Box 7-3: Krishnapatnam Port, India

Andhra Pradesh region was one of the first pofegitn India that recognize (1) the need for enbdngort
equipment and (2) the benefits that could be brbbghprivate sector. The privatization of Krishnagzan Port
was conducted through a BOST agreement. The BOSFamb between the Government of Andhra Pradesh|and
Krishnapatnam Port Company Limited stipulates {iatthe private company is granted for a concesefoB0-

year that can be extended by two more spells of/¢@n each, (2) the revenue earned from port apeshas to
be shared with the government at a progressiveiratehich it was set to be 5% in the first fiveaye and 12% in
later years and (3) immovable assets are trandféorthe government at no cost at the end of tineession (The
Government of Andhra Pradesh, n.d.).
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7.2 Risk Allocation in Container Terminal Partnerships

Apart from the development type, decisions andsaatin landlord container terminal partnershipsadge based on
the principle of risk allocation, in which each sjbe risk is allocated to the party that is bebteato manage it
(Sundararajan & Suriyagoda, 2016). For instancegagcted in Figure 7-1, which illustrates the sobd private sector
in various stages of container terminal developnard operations under different partnership optidhe risks
associated with (1) installation of terminal superistures, (2) financing the installation and (3)emtion and
maintenance of the installed superstructures aresterred to the private operators under EOT pestiie This is
mainly because they have been operating variousioen terminals all over the world. Therefore, pamed to port
authorities, they have higher knowledge of howsthgerstructures should be installed, operated andtamed in an
efficient manner.
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Figure 7-1: Roles of private sector in several emér terminal partnerships. Source: Author

Furthermore, in common new terminal partnerships,responsibilities of private sector are extenenhclude the
risks of (1) designing terminal infrastructuressome cases, (2) constructing the infrastructui®sfifjancing the
construction, as well as (4) operating and maimgithem. Such risk transfer is executed whendweiptivate sector
is more capable of dealing with the tasks tharptire authority.

7.3 Current Practices of Dealing with Climate Risks inContainer Terminal

Partnerships

As investments, operations and maintenances dareifl) terminal superstructures or (2) both terminfaastructures
and superstructures are performed by private saéttiandlord container terminals, their climateilieacies are very
dependent on decisions made by the private sadtiwever, as described in the beginning of this tdramlespite
having higher likelihoods and consequences, clirmiaks have not been explicitly incorporated intty@ical public-

private partnership risk allocation framework (Sarstajan & Suriyagoda, 2016). Nevertheless, sewdaaises in
public-private partnership contracts have implcitbnsidered the occurrence of adverse weathertsvina port
partnership, private sector mostly requires the pathority to provide contractual protections ft& investments.
Such protections are agreed in the risk allocgti@tesses and act as the guidance for actionsenafaoccurrence of
adverse weather events. As elaborated in Sundanaaad Suriyagoda (2016), six protections agalimtite risks are
generally included in public-private partnershipach of them is described in this section concisely

7.3.1 Relief and Compensation Events

Both relief and compensation events require theafeisector to restore assets affected by thedereified adverse
weather events. If an adverse weather event isdedas a relief event in the contract, the prigatetor is exempted
from the failure to meet its obligations for maintag the operability of the assets during the évetowever, no
financial compensation is given by the port autlyoro (1) aid the private sector in reinstating @ssets and (2)
recover any financial loss suffered as a resulthef operational interruption (The World Bank Gro@p.16b). In

contrast, if an adverse weather event occurs asdciinsidered as a compensation event, the atyttvati not only
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relieve the private sector from its responsibiifidout also provide financial compensations to coid the
replenishment costs of the damaged assets ande(2@tenue lost experienced by the private entity.

7.3.2 Force Majeure Events

The occurrence of extremely adverse weather evientsiostly considered as a force majeure event irt po
partnerships. Force majeure encompasses all etlesitsare unforeseeable, unavoidable and exteral rttakes
mitigation to their impacts implausible (The WoBdnk Group, 2015). In case of materialization of force majeure
event, both the port authority and private secteradlowed to terminate their partnership, esphcifithe impact of
the event has lasted for a prolonged time periagl 80 days). In such termination, both partiemashhe financial
burdens, in which the authority generally pays tlebt and equity obligations of the private sectwtdad of
recovering the damaged assets. According to Surajanaand Suriyagoda (2016), temporary and shori-ferce
majeure events could also be treated as reliebmpensation events if they have been pre-agreteioontract.

7.3.3 Insurance

In a typical port partnership, both port authogtyd private sector can agree to transfer seveia, rincluding climate
risks, to third-party insurers. However, the transé not as easy as turning one’s hand over ag$oeers are very
likely to insist them to perform disciplined clingatisk management practices. Otherwise, the insararemium will
be significantly raised and/or any loss inducedhgyoccurrence of adverse weather events will adtilly covered.

7.3.4 Uninsurable Events

Uninsurable events arise from the fact that somlesyiinclusive of risks induced by adverse weadivents, are not
insurable as no insurer is willing to cover thésigr the premium for transferring the risks isywexpensive. In most
cases of uninsurable events, the public sectargublic port authority or government) is respotesifor the impacts
of such events by default and hence acting asns@er of the last resort. In rare cases, privattos is obliged to
bear the risks of those uninsurable events, masthygher return promises (Sundararajan & Suriyag@016).

7.3.5 Change in Law

As many countries have started to pledge in redutireir greenhouse gas emissions, their envirorshdaivs
continue to be strengthened. Therefore, changdesign and construction codes, as well as regyléitaits on the
emissions are very expected, which could lead gbéri construction and operational expenditures. drioéection
against change in law is generally included in jfpdpiivate partnerships, such that the private®eastprotected from
the consequences of such alteration in regulatibagy relevant regulation is changed, the pubdictor has to cover
the additional construction and operational expgmssulting from the more stringent regulationsn(@uwarajan &
Suriyagoda, 2016).

7.3.6 Variations and Renegotiations

In some agreements, variation and renegotiatiorhamésms are embedded to manage unforeseen evahtiattr
occur during the partnership period. As elaborateégundararajan and Suriyagoda (2016), the vanatiechanism is
usually based on the pre-agreed cost structuraypas of changes allowed to the pre-defined ohitigat For
instance, private operators may get exempted frontession fee payment for a certain time periokbng-term
impacts of any adverse weather event are expeder®ieilarly, renegotiations on the pre-agreed gdilons are
allowed in some partnerships, although extremei@masifor implementing them are required to enshat the altered
contracts are fair and still beneficial for bothritjzss.

7.4 Effectiveness of the Existing Contractual Protectins

At first glance, the existing contractual protenscagainst climate risks in public-private parthgrs may appear to
be comprehensive and incorporate climate risks. Wellvever, several limitations of the protectiorsrevfound. First

of all, it is hardly possible to list all climatesks that are significant to partnerships in landilcontainer terminals as
the risks that are currently irrelevant could bgnsgicant in the future due to climate change. $elty it is unclear
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whether a particular climate risk is best considae a relief, compensation or force majeure eaerd result of its
growing likelihood and potential impacts (Sundajama& Suriyagoda, 2016). As a consequence, climates and
responsibilities could not be allocated among takeholders effectively only by using the curngmthplemented
contractual protections. Thirdly, because of thleng climate risks, the number of insurance conmgmmiilling to
protect terminal assets and operations againsigke is expected to decline. Even if they are stikrested, they are
very likely to raise the insurance premium, whieduces the attractiveness of container termingheeships for
private sector. Moreover, insurance against climates is not available in some regions, in patéicin developing
countries and regions highly exposed to the risks.

Last but not least, the protections only addressaté risks as ex-post events (i.e. reacting tontherialized risks)
instead of ex-ante ones (i.e. proactively manage rteks and build resilience against them) (Sundfaa &

Suriyagoda, 2016). Therefore, climate resilienoilsandlord container terminals have not been akiré by them. In
this case, the terminals are very likely to be tiggly affected once any adverse weather eventrecdeading to
lower lifetimes of terminal assets than the expkbciees. Such catastrophic impacts would also rethgesputations
of the terminals and could negatively impact regloand national economies, which are not insurald not
instantly recoverable.

7.5 Barriers to Effectively Incorporate Climate Risks into Container Terminal
Partnerships

Although it is beneficial to explicitly state thélaeation of climate risks by distributing respditities to enhance

climate resiliencies of terminal assets and opamatinto the partnerships, there are multiple besrihat hinder such

incorporations. Sundararajan and Suriyagoda (20a6¢ identified the key hurdles and they are dsedisn this

section.

7.5.1 Reduction in the Attractiveness of Container Termiral Partnerships

The incorporation of (1) climate risks and (2) riegonents for climate resiliencies of terminal assatd operations
into the responsibilities of private sector mayuesl the attractiveness of partnerships in landtortainer terminals
for both the port authority and the private sec@m.one hand, private sector will demand highermemsation to the
authority for dealing with the risks and deliveridgmate resilient assets and operations. In tlaig,khe expenditures
of the authority could be raised if it has to finarthe construction, while its revenue from conoestees might be
reduced if the private operators ask for discoudts.the other hand, the transfer of climate rigkprivate sector is
expected to enlarge its project risks. As futuimate risks are uncertain and so do the requirmitefto meet the
climate resilience requirements, private sectorld/be less attracted to the offered partnerships.

7.5.2 Procurement Bias towards the Lowest Bidder

Currently, the competitive bidding process is hjghilased towards financial evaluation criteriawihich the bidder
that can provide the required services with theelstvoffered price is selected as the winner. Ig thise, bidders that
pledge to deliver climate resilient terminal assatsl/or operations could be overlooked becauseoffieeed price
generally increases with the resilience level. Meez, knowing that the selection criteria is heatilased towards
the offered price, bidders would be demotivatedawsider climate resilient assets and operatiotisein proposals as
this will lessen their chances to win the tender.

7.5.3 Mismatch between the Partnership Period and the Exgcted Lifetimes of the Delivered Assets

The costing approach in container terminal partripssis mostly limited to the partnership periodtegad of the
expected lifetimes of the delivered assets. Thesefthe payment made by the authority is mainlyeasn the
performance of the assets during the contractu@gheHowever, in general, the delivered port assee long-lived,
while the partnership period is shorter. In thisegprivate sector has a tendency to only consideate risks that
could materialize during the concession period,fmitthe risks that might occur afterwards. Henle,lifetimes of
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terminal assets delivered through container terhpagnerships could be shorter than the expedfetiiies in view
of rising climate change impacts.

7.5.4 Principal-agent Problem

The classical principal-agent problem could alsiseain landlord container terminal partnerships(Bsthe port
authority and the private sector may have diffeiatgrests and (2) information asymmetry existsveen them.
Information asymmetry presents when one party msesemore knowledge on a particular matter aneftrer can
use it to take advantage from others. For instaaqajvate contractor that wins a tender for cartding container
terminal infrastructures has a higher understandbaut the actual climate resiliencies of the @ebd infrastructures
as compared to the port authority. This is becdliseactions of the contractor are not completelyeotable by the
authority and hence the authority is less knowlafiggeabout the outcomes of the construction (Altang, 2010). In
this case, the contractor can execute immoral @Etio gain benefits from the authority. An exangfisuch actions is
the ability of the private contractor to constrtetminal infrastructures that only meet the spediftlimate resilience
requirements during the partnership period, bufootheir entire expected lifetimes.

7.5.5 Rigid Contracts in Container Terminal Partnerships

In principle, the rigid or deterministic charactércontracts in landlord container terminal parsigps is not effective
for managing the uncertain and dynamic climatesrigior example, as previously described in Chapterrare and
adverse weather events that are not significattierpast could get intensified during the partnesstsuch that they
are no longer appropriate to be considered as fogjeure events. Therefore, adaptive approacheipaintnerships is
needed for dealing with climate risks effectively.

7.6 Guidelines for Climate Risks and Responsibilities Aocation in Landlord

Container Terminals
All in all, improvements in the current practice$ landlord container terminal partnerships are negl for
incorporating climate risks and resiliencies inte tpartnerships effectively. Based on the existogtractual
protections against climate risks and the barriersan effective incorporation of the risks intcetlpartnerships
discussed in Chapter 7.3 and Chapter 7.5, respégtseveral possible measures to enhance clinsktenanagement
in landlord container terminals were identifiedhis research. They are listed as follows:

« The party that bears the responsibility for reitistaterminal assets and operations following eatlhe
unmitigable and unmitigated adverse weather evantduding the pre-identified, rare, unexpected and
unknown ones, should be explicitly stated in thet@xt. Alternatively, the contractual protectigoplcable
to each of them can be specified in the contraggedements.

» Variation and renegotiation clauses could be embeéddto terminal partnerships to deal with climegks
that are rising in terms of their likelihoods armhsequences. Whenever possible, the appropriaghiids of
likelihood and/or consequences for each of the tigatile and unmitigated climate risks could beestah
the contract. In this way, once the threshold &hed, the contractual protection applicable toriie could
be varied or re-negotiated. As an example, anyaadeadverse weather event that occurs at mosteveryg
20 years when the contract is signed could bdyfirsgarded as a force majeure event. However, sach
event gets intensified and is experienced moreuéeithan the threshold during the partnershipogetie
event could be considered as either relief or corsgion event through variation or renegotiati@use.

e The private sector should be informed about whixiktieig terminal assets have been and will be i$uo
external insurers by the port authority. Moreowsgreement on which party is responsible for inguthme
constructed terminal assets during the partneystiipd, if needed, should be indicated in the Gattr

e For all uninsured and uninsurable events, the gadponsible for recovering the resulting finantiakes has
to be clearly stated in the contract. If an extepsaty (e.g. government) is expected to compenfeatthe
losses, it is very beneficial if the party is cdiesd prior to the partnership agreements.
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* The port authority has to consider the trade-otiMeen the offered service prices and the pledgedatt
resiliencies of the terminal assets and/or operatim the tendering process. Or, the climate srsik
requirements could be clearly specified in the ¢endbcuments and contracts. From the author's pafint
view, examples of the requirements could be (1)déweeloped infrastructures should not be floodedhfany
event that induces sea level of up to 5 meterg2nthe delivered quay cranes shall be capableaafihg and
unloading at least 25 containers/hour/crane wherteeewind speed is less than 20 m/s.

* To incentivize the private sector in providing tamal assets that are climate resilient during nady ghe
partnership period but also their expected lifeftevo possible solutions could be implementedstlyirthe
entire partnership period could be simply extenttethe expected lifetimes of the assets. Secoiiidthe
period has to be made shorter than the expecteiiirids, the port authority can still execute anaopbf
transferring the obligation of maintaining the delied port assets until the end of their expedfedyicles to
the private sector. In both cases, the privateosestexpected to be more willing to deliver climaesilient
assets as its revenue will be reduced once thesdagdo cope with any pre-specified adverse weaevent.

The listed measures could be expected to assi¢l)irenhancing the effectiveness of the existingtremtual

protections against climate risks in landlord cor@aterminal partnerships, (2) translating thadrigrotections into
the adaptive ones to ensure their effectivenegsligg into account the uncertain climate changgnfitigating the
negative effects of procurement bias on climatédieesies of the delivered terminal assets andfmarations and (4)
minimizing the mismatch between the partnershifopesind the expected lifetimes of the delivereatsss

An exploration of the success factors of the PdrtRotterdam Authority for allocating climate riskand

responsibilities between the authority and privegetor in the development and operations of MaksyIl reveals
that all of the proposed measures, except for étersl one, have been partially adopted into thengeships (see
Text Box 7-4). Therefore, their applicability infmrt partnerships could be considered promisingvéier, to the
knowledge of the author, the second suggestedegiratvhich are aimed to raise the effectivenes®xsting

contractual protections against all unmitigable amtmitigated climate risks, have not been impleménin

Maasvlakte IlI. In this regard, its feasibility ktilas to be explored. Nevertheless, the recommeandgon is in line
with the proposal for implementing adaptive relaéibcontracts for transportation infrastructuresAlttamirano et al.
(2015) (see Text Box 7-5). Hence, it has at leastridbuted to discussion about the benefits offdigdadaptive
contracts in public-private partnerships.

Text Box 7-4: Successful Case of Climate Risks amksponsibilities Allocation in Maasvlakte I

To meet the increasing demand for the Port of Ridte in the future, as well as to maintain its iegdole in port
industry, the Port of Rotterdam Authority decidedekpand the port to the west (The Port of Rottardaithority,
n.d.b). The expansion project is referred to asdMakte 1l project, in accordance with the namehaf new port
region. In this research, a case study of sucdedghate risks and responsibilities allocationMiaasvlakte Il was
performed to evaluate the applicability of the megd measures in container terminal partnershigeaantice.
Information on the partnerships for reclaiming aperating Maasvlakte 1l was collected from existitgrature, a
formal interview with Prof. Tiedo Vellinga, who wéase Director of Environmental Monitoring for Madakte |l
and an informal conversation with an employee efRiort of Rotterdam Authority, whose personal detzannot
be presented in this thesis for confidentialitysmes.

From the collected information, it was learned thia¢ authority formed two different partnerships tbe
construction and operations of Maasvlakte Il, iadt®f assigning the tasks to the private sectasudit one
partnership, as in the BOT option. Firstly, thehauity is in a Design-Build-Maintain (DBM) contraaith PUMA,
a private port contractor that is responsible tgigte and construct the infrastructures of Maaseldktand
maintain them for a period of 25-year thereafteoqilis, n.d.; van den Dool, 2012). On one hand,tésk of
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infrastructure design was also transferred to thgage sector to ensure that the design matcheb thi¢

engineering capability of the contractor (van dem2012). On the other hand, the project finageisk is solely

borne by the authority, such that it has to haadlarge portion of financial risks in the projelevertheless, the
authority is interested in financing the reclamatio order to maintain their controls over (1) eufog the

standards of the developed port infrastructures(2hpanaking rules and regulations applicable witthia newly

developed port area (van den Dool, 2012).

Secondly, the operations of the developed Maasvldktontainer terminals are leased to private ajoes. The
operation of the first terminal was awarded to i@gte consortium of DP World, APL, MOL, HMM and CMA
CGM following a competitive bidding process, whitee operation of the second terminal was grante8RM
Terminals following a direct negotiation betweer #uthority and the private firm (Pallis et al. 080 Vellinga,
2016a). However, as the concession for the secerdirtal was subjected to several political issumdy
concession for the first terminal is presentedis thesis.

Contractual Agreements for Construction of MaastddkInfrastructures

A competitive tendering was used to select the napgiropriate contractor for reclaiming MaasvlakiteThe
criteria employed to determine the winning bidderrevbased on a mixture of (1) construction co&stifne to
complete the construction, (3) maintenance costis(d4j contractual risks associated to each apglizan den
Dool, 2012). Although the process of meeting thguineed output specifications was left to the wirgnbidder (i.e.
PUMA), all roles and tasks of both the authorityl dhe contractor had been identified clearly betbie project
began (van den Dool, 2012). Moreover, in the cdréport development in the Netherlands, many mpiodérisks,
including delay, relief, compensation and forceaneg events are identified prior to the contraghisig (van den
Dool, 2012). Consequently, they have been statdueicontract and therefore incorporated explicitly

Apart from specifications that are generally foundthe contractual agreement of new port developite

climate resilience requirements of infrastructureMaasvlakte Il have also been clearly stipulatethe tendering
documents and contracts. As an example, PUMA igired| to perform sand-filling to the coastline ohéévlakte
Il to a certain level for preventing the new pcegion from seawater flooding (Vellinga, 2016a). Hwer, if

climate change evolves faster than the expectedadaptation level will have to be enhanced. Is tase, the
authority could require PUMA to execute additiorahd-filling to enhance the resilience level of teveloped
infrastructures. In this case, the authority wid bequired to fund the additional cost (Velling®18a). The
incorporation of the climate resilience requirensemtis done to support the goal of the City of Rdém to be a
climate-proof city by 2025 (Vellinga, 2016a; Vellja, 2016b).

However, none of the currently developed port stitactures is insured to a third-party insurertasgremium for
insuring those assets is very high (Vellinga, 2Q01Bafact, in the Netherlands, it is hardly po$sito insure assets
against climate risks with reasonable prices, ii@dar those exposed to the risk of seawaterdilog, because of
the unique topography of some regions of the cgumthich is lower than the sea level in most of tinee (de
Jong, personal communication,Blay 2016; Vellinga, 2016b). Nevertheless, the Bugovernment considers
the Port of Rotterdam as an important nationaltass® therefore the port will be replenished whenen extreme
weather event occurs and negatively affects itagtfuctures and operations (Vellinga, 2016a).

Concession of the First Container Terminal in Mdakte Il

The tendering for the operations of the first cor@aterminal in Maasvlakte 11 comprised of two pesses. Firstly,
the authority implemented a pre-qualification pss;en which only private terminal operators thatl lhandled at
least 2 million container units in the previoustyeauld participate in the tendering (van den D@6112). This was
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done to ensure that only key players in the coatasipping industry were considered in the progeaa den
Dool, 2012). The large size of the terminal and hiflgh reputation of the port attracted private apeans, which
contributed to the formation of 6 consortia thapressed interests in operating the terminal (Patlial., 2008).
Following that, an expression of interest docunvest signed by each interested party (van den 264R).

Secondly, the Port of Rotterdam Authority disclogeare information about the details of the contaieeminal
and its criteria for selecting the winning bidderthis process, the authority was very transpaabout (1) climate
risks faced by the terminal and (2) climate adamtatneasures that have been and will be performethé
authority (Vellinga, 2016a). The potential impaofsany adverse weather event on the terminal thet Imot been
mitigated by the adaptation measures are bornéandowinning bidder (Vellinga, 2016a). Moreover, thigning
bidder is required to maintain and protect its éadds and superstructures from any damage, ingudiamage
induced by adverse weather events, such as seafleatding (Tieman, 2014 as cited by Smith, 2015]livga,
2016a). Therefore, the responsibilities to mitige terminal from any impact of adverse weath@néythat are
not borne by the authority belong to the winninddair (Vellinga, 2016a). Any additional climate atddjon
measure in the terminal operational area shoulexlkeuted and financed by the winning bidder, whiin @&pproval
from the authority beforehand (Vellinga, 2016a).

The authority employed a multi-criteria selectioethod to determine the winning bidder. The critémidude (1)
financial bid (40% weighting factor), (2) the corigieeness of the offered business plan (25%).s(&tainability
performance of the presented plan (20%) and (4ited concept and technology proposed (15%) (Petlial.
2008; van den Dool, 2012). It is intriguing to ndkat it was the first time in the world that a fpauthority
includes such sustainability indicator in the setec criteria (The Port of Rotterdam Authority, g The
inclusion was aimed to support the ambition of Boet of Rotterdam Authority to be the landlord bé tworld’s
most sustainable port (The Port of Rotterdam Autjan.d.c).

Under the sustainability criterion, the interesymil/ate consortia had to explicitly express theiogmsed (1)
environmental management system, (2) modal-shitismess, (3) security of terminals and the transploains
(The Port of Rotterdam Authority, n.d.a). The eammental management system proposal encompasses the
promised efforts of each bidder with regard topailutants generated, energy consumed and wastkiged by
the terminal operations (The Port of Rotterdam Atitig, n.d.a). Moreover, the modal-shift proposajuired each
bidder to elaborate the proposed proportion of rirdend waterway and rail hinterland transportatioodes for
the served containers (The Port of Rotterdam Aitthon.d.a). This was included to support the goflthe
authority to reduce its dependency on trucks fotdnland transportation, which is currently the medntributor to
the port’s emissions (The Port of Rotterdam Autlyom.d.a). Meanwhile, the security of terminal arehsport
chains refers to the sustainability of terminal rapiens. However, it did not explicitly require tieclusion of
operational procedures that will be undertakerheytidders during adverse weather events (Vellia@a6b).

In the end, a consortium of DP World, APL, MOL, HM&hd CMA-CGM won the tender and has started |the
operation of the first container terminal, which named as the Rotterdam World Gateway terminakesin
September 2015 (DP World Limited, 2016). The pevsgctor is granted for operating the terminakf@eriod of
25-year and required to pay concession fee reguiarthe Port of Rotterdam Authority (Vellinga, ZM). Similar

to the concession practice in other container teaitsiin the Port of Rotterdam, the consortium gpomsible for
providing, installing, operating and maintaining tsuperstructures and equipment in support fapésations.

Success Factors for Effective Allocation of Climigks and Responsibilities in Maasvlakte I
From the elaborated partnerships for constructim@dtlakte Il and operating one of the containenitgals, it can
be concluded the Port of Rotterdam Authority hagpésl over some of the barriers to effectively ipooate
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climate risks and responsibilities into the parshis. First of all, the authority decided to spléhance the
design, construction and maintenance works to casgie the additional risk of climate resilient regonents
borne by PUMA. If the financial burden was alsoftgldi to the contractor through a BOT partnershifvgpe

sector would be less attracted to the offered pestip. Secondly, the authority has mitigated ttoeyrement bias
towards costs by (1) explicitly stating its climagsilience requirements for the developed inftastires in the
tendering for reclaiming Maasvlakte Il and (2) inmarate sustainability assessment criterion intémglering for
operating the first container terminal. In this waithough the financial criteria still played imipamt roles in the
selection of the winning bidders, the climate iesities of the delivered infrastructures and tretadnability of the
operations are ensured. Thirdly, the rigid natdrparst partnerships has been transformed into aptag one as
the authority has an option to require the contradb enhance the climate resiliencies of the dmed
infrastructures, if needed.

Text Box 7-5: Relevancy to the Proposal of AdaptivRelational Contracts by Altamirano et al. (2015)

Altamirano et al. (2015) claim that adaptive relagl contracts are more advisable than complet&amia for a
long-term contracting purpose because the formenatsults in lower flexibility for public client.e. principals)
and limited possibilities for changes in contrge¢dfications or standards. To solve the issuemmirano et al.
(2015) propose dynamic adaptive standards for g-term partnership, in particular in road network$ie
proposal is grounded on the building blocks of giglegoolicies suggested by Walker et al. (2001).

First of all, the concepts afignpostsandtriggers of Walker et al. (2001) are employed. The formeusgd to
identify information that should be tracked in arde determine whether any change in contract §pations or
standards is needed, while the latter is emplogatkbtermine the critical values of thignpostssariables that lead
to the need for the change. Secondly, oncetidgger is experienced, additional actions are requireengure the
effectiveness of the contract. According to Walkkeal. (2001, p. 285), the actions can be claskifito:
» Mitigating actions actions taken in advance to reduce the certaiarad effects of a policy
» Hedging actionsactions taken in advance to spread or reduceiskeof possible adverse effects of|a
policy.
» Defensive actionsactions taken to clarify the policy, preservebénefits, or meet outside challenges.
» Corrective actionsadjustments to the basic policy in response toifip&dggers.
» Reassessmena process to be initiated or restarted when theyais and assumptions critical to the
policy’s success have clearly lost validity.

The second measure of incorporating variation agdegotiation clauses into landlord container teamin
partnerships for addressing unmitigable and unatéid climate risks proposed in this research fite ithe
adaptive relational contracts suggested by Altamoir@t al. (2015). The likelihood and/or consequsnoé
occurrence of each of the unmitigable and unmigigatlimate risks can be thought of signposts while their
thresholds resemble theggers concept. Moreover, the recommended variation ameégatiation clauses are
analogous to theorrective actionaindreassessmentespectively.

Therefore, in this research, the proposal of adaptelational contracts for road networks by Alteanp et al.
(2015) has been generalized to the port sectoreMar, in the context of climate risk managemenpublic-
private partnerships, this research finds thatthreently rigid contractual protections againstnelte risks could be
transformed into adaptive ones using variation egnkgotiation clauses. As both variation and retigtion
clauses are already present in the partnershipdr, ¢mployments are likely to allow the proposeamive
relational contracts to be more easily implememtbdn dealing with climate risks.
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Based on the measures proposed in this reseasdn tbe deduced that the effectiveness of climgkennanagement
in landlord container terminals could be enhanédide parties responsible for (1) the significaithate risks and (2)
executing the effective climate adaptation meastoesrds them are explicitly stated in the parthgrsigreements.
In this way, the responsible financer for each measould be recognized effectively. To assistpbg stakeholders
in allocating the risks and responsibilities effesly, a matrix of climate risks and responsibéi allocation in
landlord container terminals was developed basethemletails that should be incorporated into thenerships. As
shown in Table 7-1, in which a matrix filled for dlustration purpose is presented, it requiresubers to classify
climate risks into (1) the risks that are unmitigabr are left unmitigated and (2) those would begated during the
partnerships. They are clearly separated in thexrad they require different treatments.

Firstly, for all unmitigable and unmitigated riskbey should be explicitly categorized into reliebmpensation, force
majeure, insured and uninsurable events, whichh&rexisting contractual protections against cleméks in public-

private partnerships. In this way, the responsiédiof each party in case of materialization afheaf the risks are
clearly specified. Moreover, the insurance requeetragainst each event and the party responsiblpaiging the

premium should be stipulated in the agreement.hEurtto allow the adaptiveness of the contractdialing with

uncertain climate change effectively, the apprderthresholds of likelihood and/or consequencegéah risk can be
specified in the agreement. In this way, once lineshold is exceeded, the type of contractual ptiote applicable to
the risk can be altered by discussion through retietipn clause or amended directly through vasiattlause. For
instance, in the allocation of climate risks anspansibilities in a hypothetical terminal presentedable 7-1, high
winds are considered as unmitigable risks and aagtehat induces wind speed higher than 60 nzariently being

treated as an insured event and the authoritysisoresible for financing the insurance. Howeversuth event is
experienced as frequent as once in every 10-yeteifuture, it will be directly considered as anpensation event
through variation clause.

Table 7-1: An example of a filled out climate risksd responsibilities allocation matrix for landbbrcontainer
terminals

Climate Risks and Responsibilities All ion Matrix for Landlord Container Terminals
Name of Terminal Terminal A, Port B
Concession Period 2016-2045
o . : ! y " Insurance requirement Threshold for variation/renegotiation
a Climate risk register Contractual pr 1 applied = =— == = —
> Yes/No|Responsible party| Threshold | Variation/Renegotiation | New contractual protection under variation
:‘g £ |High winds (wind speed: 20 - 45 m/s) Relief event Yes Port operator N/A N/A N/A
5 £ High winds (wind speed: 45 - 60 m/s) Compensation event Yes Port operator N/A N/A N/A
3 § High winds (wind speed: > 60 m/s) Insured event Yes Port authority 10-year event Variation Compensation event
% E |Seawater flooding due to hurricane Force majeure event No N/A 30-year event Variation Compensation event
£ ° [Earthquake Uninsurable event N/A N/A 50-year event Renegotiation N/A
£
=
Climate risk register Resilience requirement Responsible party Penalty for failure/non-compliance
No-flooding at sea level up to 5m Port contractor No payment for the maintenance service for 6 months following the flooding event

Seawater flooding due to average sea

No-flooding at sea level of 5m -
level rise and storm event

8m
Goods loading and unloading
speed of 25 containers/hour/crane

Such flooding is treated as a compensation event and port operators are exempted from
concession fee for 3 months following the flooding event
The operator has to recover the loss of income of port authority from port dues as a result
of inefficient port operation

Port authority

Moderate winds (wind speed: < 20 m/s) Port operator

climate risks

Mitigated/Mitigable

Secondly, for climate risks that would be mitigatkating the partnership period, the required clanasilience levels
for each port infrastructure and operation agdimsin have to be addressed in the partnership cbnirae required
levels can be either directly specified by the @arthority in the tendering process or includedhsywinning bidder
in its proposal. Moreover, the party responsibledelivering each requirement should be specifiethe agreement.
In this way, the responsibility of each party failding climate resilient container terminals woudd obvious and
hence the desired resilience levels of the termicalld be more effectively achieved. Further, nafig can be
imposed on each party for failing to meet theiigdtions. In this case, the amount of penalty shaido be explicitly
stated in the agreement. As an example, Tablenditdtes that moderate winds are not expectedstaptioperations
of the hypothetical terminal and hence the authantposes a requirement of goods loading/unloadipeed of at
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least 25 containers in an hour per crane on theatgpe Any failure to do so might induce traffiarja on waterways,
leading to loss of revenue of the authority fromrtpues. In this case, the operator is requiredower the loss
experienced by the authority.

7.7 Discussion on the Applicability of the Climate Risk and Responsibilities

Allocation Matrix
As shown in Table 7-1, the application of the pisgmb measures for allocating climate risks and respiities in
landlord container terminals is reliant on the kiedge of (1) the frequency of occurrence and/orctiresequences of
each of the unmitigable and unmitigated climatksriand (2) the extent to which each climate resigerequirement
is achieved. Firstly, the contractual protectiondach climate risk that is unmitigable or is lafimitigated has to be
changed once its thresholds of likelihood and/@rseguences are reached. Secondly, to ensure ¢otiafhess of the
allocation of responsibilities for building climatesilient container terminals, the pre-agreed ierghould be
imposed once any responsible party fails to mestoliligations. Therefore, an accurate monitoringtesy or
framework for the relevant threshold variables egsllience levels is essential to support the imgletation of the
developed allocation matrix. Moreover, the methéals measuring the variables and resilience levealsukl be
approved by all port stakeholders beforehand tadaamoy dispute in the risks and responsibilitidsction. However,
because of the time restriction of the resear@hd#sign for the monitoring framework and measurgmmethods was
not addressed in this research.
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Chapter 8 - Conclusions and Recommendations

Adapting ports around the world to climate chang#igently is essential to continuously supporblgl trading,

which is currently one of the engines of global remuic growth. Even though a majority of port stakelrs are

aware of the potential negative impacts of clinctange on ports, a significant portion of themrul#hat it is still too

early to adapt their ports to the change. Thisysaithed to address three barriers that have hiddewe stakeholders
to perform sufficient climate adaptation measuwsttieir ports, which are (1) unavailability of effective general
best practice of climate adaptation for ports,ui2}ertainty regarding the viability and efficienafyclimate adaptation
investments in ports and (3) unclarity about whpart stakeholders are responsible for financing atleptation.

Using the landlord container terminal as a unamdlysis, the following main research question prabed:

Under what conditions and how can viable and effitinvestments in climate resilient ports be aci@

Climate Risks, Opportunities and Adaptation in Poris

The first step to ensure the viability and effi@grof investments in climate resilient ports isacknowledge the
significant climate risks and opportunities, ashasl the effective and feasible climate adaptatn@asures for ports.
The outcomes of an extensive literature review lihate adaptation in ports suggest that climat&sriand

opportunities for container terminals can be cfassinto potential direct and indirect impactsatimate change on
operational, financial, environmental and sociafgenances of the terminals. On one hand, diregiitts consist of
effects that directly influence any of the perfonoa indicators, both positively and negatively. Yieelude climate

change impacts of sea level rise, higher rainkmgwfall and hail, as well as more frequent andemotense storm
events, winds, waves, lightning, fogginess, coldught and heat. On the other hand, indirect ingp@accompass
effects on the global economy and commodities prba, which could lead to higher or lower termidaimand/call.

Moreover, the review found that climate adaptatiweasures for ports have been discussed in dettikiscientific
community and some ports have developed adaptalms for their ports. Therefore, the potentiaffgetive climate
adaptation measures for a container terminal cbelddetermined by (1) exploring relevant literatofeclimate
adaptation in ports and (2) learning from climat&tation plans and/or practices in terminals Hratre similar
climate risks.

Evaluating the Viability and Efficiency of Climate Adaptation Investments in Ports

Once the effective and feasible adaptation meadares port are identified, the significant risksosld be valued in
monetary terms and incorporated into the port lmssinmodel. Otherwise, it would be impossible teatifely assess
the viabilities and efficiencies of different integnt options for adapting the port to climate dewrAn exploration
of financial methods suitable for performing suslsessment and a fictitious case study on TMMeRatdd that an
integration of Weather-VaR and ROA has potentialapproximate the viable and efficient option fandincing

climate adaptation in a port.

Financing Climate Adaptation in Ports

To completely answer the main research questias,atso important to recognize the appropriatarfoer for each
adaptation measure. Otherwise, no investment nbghdriven for the measures and therefore they waoldbe
successfully translated into actions. By review{iy the existing contractual protections againgnhate risks in
landlord container terminal partnerships and ()lhrriers to incorporate effective allocation kixihate risks into the
partnerships, the research infers that the resplenBnancer could be effectively determined if thtakeholder in
charge of dealing with each climate risk is expliyjcspecified in the partnership agreements.
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The assignment could be done in two complementampswrirstly, all unmitigable and unmitigated climaisks can
be classified into relief, compensation, force mege insured and uninsurable events, which arexisting types of
contractual protections against climate risks irbligdprivate partnerships. To ensure the effectdgsn of the
protections during the partnerships, the approprihtesholds of likelihood and/or consequencesebwh of them
could be specified. In this way, once any thresi®igached, the contractual protection applicédbke relevant risk
can be altered to a more appropriate one throubhbrerariation or renegotiation clause. Secondlyall climate risks
that would be mitigated during the partnerships, rdquired climate resilience levels for each pdrastructure and
operation against them could also be incorporatéal the partnerships. Further, the parties in aharfgdelivering
such performances and any penalty imposed on thefaifing to meet their obligations have to beaclg stipulated.

Answering the Research Question
Based on the findings of this research, the follmpelimate risk management practices in ports aned beneficial
for achieving viable and efficient investments limate resilient ports:

V1.

VII.

The significant climate risks and opportunities ports, as well as the port sub-operations and sasset
susceptible to the risks should be recognized.

From the knowledge of the potentially affected splerations and assets, effective and feasible aiiapt
measures for the ports have to be determined.

The significant climate risks, as well as the difecand feasible adaptation measures should hesgah
monetary terms and incorporated into the port lssinmodels.

Based on the outcomes of the assessments, alifidiémlimate risks should be classified into (lijmate risks
that are unmitigable or are left unmitigated anctii®se would be mitigated during port partnerships

For all unmitigable and unmitigated climate risksey shall be classified into relief, compensatiforce
majeure, insured and uninsurable events.

To ensure the effectiveness of the contractualeptioins during the partnerships, the protectiorliegigle to
each of the unmitigable and unmitigated climatksrishould be altered once it is no longer approgpria

For climate risks that would be mitigated during thartnerships, the required climate resiliencelteand the
port stakeholders in charge of delivering suchgrenrbnces have to be clearly stipulated.

Policy Implications and Recommendations for Develapent of Climate Resilient Ports
From the research outcomes, in particular the arssteethe research question, the following six nes@ndations
were derived to achieve viable and efficient inwesits in climate resilient ports (actors indicatedold):

All port stakeholders are suggested to join hands for conducting systesed and integrated assessments of
climate risks and opportunities for their portsdentify port sub-operations and assets vulnertabtbe risks.

Port authorities andall other port stakeholders whose operations andssets are potentially affected by

the identified climate risks are encouraged to explore the effective and feasibhate adaptation measures
for their vulnerable operations and assets.
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V1.

Port authorities and the other potentially affected port stakeholdersare advised to value the risks in
monetary terms such that they are incorporableth@ business models. In this way, the viable effidient
climate adaptation investment options for theit@coan be approximated.

Port authorities and the other potentially affected port stakeholdersare recommended to categorize
climate risks in their ports into two classificat® of (1) climate risks that are unmitigable or &e&
unmitigated and (2) those would be mitigated dutimgir partnerships. The following set of decisioites
could be employed for classifying the risks:
» Climate risks without any effective and feasibleatation measure can be classified as unmitigable
risks.
« Climate risks with no viable investment option teeute their corresponding effective and feasible
adaptation measures can be considered as thehétkasre left unmitigated.
» Climate risks with viable investment options to @xe their corresponding effective and feasible
adaptation measures can be categorized as thode beomitigated.

Port authorities andall other port stakeholders potentially affected bythe unmitigable and unmitigated
risks are suggested to assign each of the risks intouthrently suitable contractual protection type. Btorer,

to address the issue of rising unmitigable and tigated risks, the appropriate thresholds of Itketid and/or
consequences for each of them could be incorporatedhe partnerships. Further, they are encourage
make pre-agreements on how the transition of contah protection applicable to each risk should be
performed once any of the relevant thresholdsashred.

As governors of operations in landlord popsrt authorities are advocated to take the lead role in discussing
the responsibilities for mitigating climate riskeat would be reduced and/or eliminated during port

partnerships witlother port stakeholders and explicitly allocate the responsibilities aftards.

Research Contributions for Landlord Container Terminals

The outcomes of this research could be expecteddist stakeholders of landlord container termimatsarrying out
some of the recommended actions. Firstly, the dgesl climate risks and opportunities assessmentixreaduld

facilitate them in performing the suggested systermed and integrated evaluations. Secondly, thablestied
framework for assessment of the viabilities anetiefficies of different climate adaptation investingptions in ports
has potential for approximating the viable andogfit investment option for adapting a containemteal to climate
change. Thirdly, the constructed climate risks aegponsibilities allocation matrix could be empldyer addressing
the need for explicitly stating which port staketes are in charge of (1) financing the financialigble climate
adaptation measures and (2) recovering terminalatipas and assets following the materializationany of the
unmitigable and unmitigated climate risks.

Scientific Contributions of the Research

Apart from the practical contributions, the reskal@as also delivered additional insights and dsions to the
scientific community. Firstly, it has the potential enhance climate risks and opportunities assagsmatrix for
ports. As shown in Stenek et al. (2011, p. 182-18f) existing matrix presents climate risks andoofunities at an
aggregate level of whole port operations. Therefiorean only indicate the significant risks ancbopunities, but it
does not explicitly inform which sub-operations asdets are susceptible to the risks. In this relsea system-based
and integrated approach, which considers the pateimipacts of climate risks on each sub-operationl asset
essential for the functioning of ports, was incogted into the matrix. Hence, it allows the usergentify not only
the significant risks and opportunities for theargs, but also their vulnerable sub-operations asgkts. In this way,
climate adaptation measures for ports could betifitgthin an enhanced manner.
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Secondly, the research offers new insights forreditey the application of Weather-VaR. To the knalgle of the
author, this research is the first one that attsmptintegrate the method with other existing fmiahmethod. By
incorporating Weather-VaR and ROA into one practibe viabilities and efficiencies of differentrolaite adaptation
investment options can be estimated. Thereforeyithigle and efficient option for investing in cliteaadaptation
could be approximated.

Finally, it introduces dynamic adaptive concepbitiie contractual protections against climate riakgublic-private
partnerships, which are currently rigid in practiokccording to Sundararajan and Suriyagoda (2016]f
classification of climate risks into different coenttual protection types in the partnerships ipfmapriate to deal with
uncertain and dynamic pace of climate change. Tegearch proposes a methodology to transform time fi
contractual protections into adaptive ones. Thevewmion could be achieved by (1) specifying therappate
thresholds of likelihood and/or consequences fehed the unmitigable climate risks and those Ugifinitigated and
(2) including variation or renegotiation clause &ach of them into the partnership agreements.efdre, once the
threshold of any of the unmitigable and unmitigatditnate risks is reached and hence its originaitrectual
protection is no longer effective, the protecti@uld be shifted to a more appropriate one throutjteevariation or
renegotiation clause. In this way, the effectivenafsall contractual protections against climas&sicould be ensured
throughout the partnerships.
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Chapter 9 - Limitations and Future Research

Several research limitations have been describé&aeiprevious chapters. All of them arise becaudigé)arestrictions
on the research scope resulting from time conggr@inthe project and (2) limitations in the reséaputcomes. In this
chapter, they are revisited and expanded to incatpaelevant researches currently conducted bfetlmv students
in Deltares. Moreover, based on the presenteddtmits, directions for future research are disalisse

9.1 Limitations in Research Scope

I.  In this research, only the container terminal bessnunit of a port is analyzed. Although the outesrare
promising, it is very beneficial to explore theiansplantabilities to other business units to fslilypport the
development of climate resilient ports.

II.  As discussed in Chapter 3.1, hinterland connectaresimportant for the functionality of ports. Tefare,
sustaining them against climate change is alsongakeFellow MSc student M. Tsavdaroglou is cuthgn
delving into the issue of climate risks for hingerdl transport infrastructures, using the case ®fRbrt of
Rotterdam.

II. The potential interaction of weather variables, alihivould lead to an occurrence of more than oneradv
weather event at the same time, has not been imi@igal into the developed climate risks and oppities
assessment matrix presented in Chapter 3.2. Shmileaiscading effects of any adverse weather event,
which (1) damage of an asset would lead to damagehier assets and (2) inoperability of a sub-djmera
would induce inoperability of other sub-operatiomaye not been explicitly integrated into the matkellow
MSc student R. van Dijk is currently exploring thetential of incorporating them into the assessnusing
system diagram. Another possible option to anatheerisks of cascading effects is to integrate rttarix
with the Clircle tool developed by Hounjet et al018), which has shown a potential for analyzing the
interdependencies among different industries anidalrinfrastructures.

IV.  The climate adaptation measures presented in Ghdy2ere still not directly integrated into thevdmped
assessment matrix. In fact, by embedding them tindomatrix, the users could identify effective dim
adaptation measures for their ports in a timely mean

V. The presented adaptation measures in Chapter d.eatlrer generic. Hence, a more detailed assesshent
their potential implementations in ports is needéte gap is partially covered by fellow MSc studéniol,
who is exploring potential Building with Nature apts for adapting the Port of IJmuiden to climatamge.

VI.  As presented in Chapter 5.4, this research onlyiges insight into the financial impacts of climateange on
ports and the financial contributions of the pragbslimate adaptation measures. However, the mamdial
impacts and contributions have not been evaluatei®iail. Consequently, it cannot be claimed wehainty
that the recommended climate adaptation investroptibns in ports will ensure maximization of ovéral
social welfare. In this regard, it is advantagednisassess the suitability of the developed assegsme
framework for evaluating the viability and efficgnof climate adaptation investments in ports fremietal
perspective. This could be accomplished by applitiegframework to several ports whose developmemis
operations have been evaluated by Social Cost-Bex&dlysis.

VII. The principal-agent problem that hinders effectilienate risks and responsibilities allocation imdéord
ports has not been addressed in this researcheféher answers to the question “éfow to incentivize
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private port contractors and operators such thagithactions are in line with the interests of thertp
authority?' are required to further enhance the effectiverndéske allocation.

VIII. The developed framework for assessment of the litiabind efficiency of climate adaptation investrgein
ports has not been linked to the proposed climakes and responsibilities allocation matrix. Intfawoth of
them could be connected because investment optiofsndlord ports can consist of not only different
adaptation levels but also different financers. past authority and private sector possess distilistount
rates and different assessment time horizons, itialities and efficiencies of various feasible ptigion
levels are likely to be dissimilar when they arsessed from different perspectives. In this regtrd,
question of'How to allocate the responsibilities for adaptimmprts to climate change by taking into account
different discount rates and dissimilar investm@ne horizons of port stakeholdersi®’worth exploring.

9.2 Limitations in Research Outcomes

I.  Two main simplifications were made in the case stfdT MMeB, which are: (1) the terminal is operafed
24 hours a day and (2) the flow of goods in thenieal is uniform throughout a day. They were emphby
because of the absence of extensive sea level mgdelthis research, which leads to inability etemining
at which hours in a particular year are the caugefleamded. In fact, based on the historical seallalata
extracted from University of Hawaii Sea Level Cen2016), the contributions of (1) astronomicaktiq2)
seasonal variation and (3) storm surges could teegated in a later project. In that way, the seallat any
hour in a particular year could be acknowledgedh withanced accuracy. Therefore, by modeling théeseh
thoroughly, the actual operating hours and theavae in goods flow within a day can be incorporateal the
assessment.

II.  The outcomes of the assessment of the viabilitiesedficiencies of different climate adaptationestment
options for TMMeB are subjected to a key assumpti@at the only differences between performing offe-o
and phased adaptation strategies are: (1) a signifportion of variable costs of the adaptatiom loa delayed
to the future by performing the latter strategy,t{ie fixed cost of adaptation has to be paid éwesgal times if
the phased strategy is selected, while it is omyné once in the case of one-off adaptation. Howene
reality, additional benefits offered by one-off ptition and additional costs for implementing theged
adaptation may exist. For instance, by performirgufficient one-off adaptation at the very begimgpithe
reputation of the terminal could be enhanced, teath increase in the terminal demand/call and &édrigher
financial profits for the stakeholders. Such factahnich is difficult to be quantified with acceptataccuracy,
could be significant and therefore would negativaffiect the accuracy of the assessment. In thiardegn
exploration for incorporating the intangible betefind costs into the evaluation is beneficial.eBilise, the
practicality of the assessment would be questi@nabl

lll.  The selected case for the quantitative case stuglytrioe too simple as TMMeB is only subjected te tisks
induced by average sea level rise. To further asshsther the framework is still applicable fortgaxposed
to numerous climate risks, additional case studiesecommended. One of the potential ports tanbby/zed
is Port of Manzanillo, which faces risks from highpeecipitation, more frequent and more intensensto as
well as average sea level rise. Moreover, the osoof climate risks and opportunities assessnuerthé
port have been recently published. The assessrdeisea 21 adaptation measures for Port of Manzanill

IV.  As discussed in Chapter 7.7, an accurate and atdephonitoring system or framework for evaluat{ty
the likelihood and/or consequences of each of tmmitigable and unmitigated climate risks and (2 th
achieved climate resilience levels is imperativesupport the implementation of the proposed clinmesies
and responsibilities allocation matrix. Therefoeededicated research to design the required margtor
system is highly recommended.
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Appendix A - Port Governance Models

Because of the growth of capitalism and its dedpeattempt to find more places to reinvest the gngvsurplus
capital, a vast wave of privatization continuestour around the world (Harvey, 2010), includingport operations.
Privatization, either full privatization or partipfivatization (i.e. devolution), in ports occursimly as a result of the
growing need for operational efficiency. The insieg port competitions for cargos and transhipnteres require
ports to maintain or enhance their competitivemesgperational efficiency, pilotage costs, harbdues, storage fees,
etc. (Tongzon & Heng, 2005). In this case, portsob® business itself and privatization of port apens is a logical
step to achieve the required efficiency level amhgetitiveness (Ligteringen & Velsink, 2012).

The more intense competition between ports bringsdide effects. On one hand, it stimulates efficieand keeps
the port fees and service costs down. Previouslythe absence of competition, it was in the inteafsport
stakeholders to provide port services efficientlynanimum costs. However, they failed to achievesthgoals as their
behaviours were transformed to money earners thrabgir monopoly powers. On the other hand, exgessi
competition may lead to overcapacity and lossesithanost cases paid by public (Ligteringen & Velsi 2012).
Moreover, unfair competition may arise and showddboided as it leads to price distortion and fleeeereduces the
social welfare.

Privatization and devolution processes in portsadge supported by other factors, which includeirfijrovement in

information technology, which has increased thagparency of government operations and hence provpdiblic

with higher ability to oversee and participate ovgrnment activities, (2) increasing trade and letdgficits, as well
as accumulated sovereign debt burdens, which fgogernments to sell their assets and find waysotondre with

less financial resources (i.e. funds) (Aerts et 2014). Nowadays, as a consequence of the prafetz and

devolution processes in port sector, there is kaadly port where public port authority is respofesitor the whole

port operations. Very often, goods handling andrfp as well as ground transportation sub-openatére performed
by private port operators. Private port operatoes specialized in those sub-operations and thexefan provide
better services at lower prices compared to pdhaxities.

Apart from public port authority and private pogtevators, there are also other stakeholders tdaeaily involve,

but play important roles in port operations. Thaglude (1) forwarders, whose business is to perfbimterland

transportation of goods between ports and produciimsumption centers (Cordova & Duran, 2014),s(#pping

agents, who arrange shipping lines between seapdidsate shipping spaces on vessels, preparpisgigdocuments
and deal with custom requirements (Ligteringen &sifk, 2012), (3) shipping companies or shippess #xecute the
transhipment process. Nowadays, several forwarfiings have been expanded to include the serviceiged by

shipping agents. For instance, Kerry Logistics dagobal network with major ocean carriers whildgleg same time
providing hinterland transportation services far dustomers or clients. The roles of the discussedrnal port
stakeholders are depicted in Figure A-1.

As port organizations and relationships between p@keholders have been evolved in the past decadeeral
attempts have been made to classify them intordifteport types. In this appendix, the model offelog The World
Bank (2007) in its World Bank Port Reform Toolkithich is perhaps currently being the mostly usedpbyt

practitioners for classifying port management systeis elaborated. The World Bank suggests thdtgmwernances
across the globe can be grouped into four typesghadre (1) service port, (2) tool port, (3) larmdigort and (4)
private port. The institution argues that the choat governance type in each port is influencedhsy way it is

organized, structured, managed, located, as wél$ dsstorical development, types of commaoditiesved and other
socio-economic factors (Brooks, 2004).
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Figure A-1: Roles of external port stakeholderg@ods shipment

A.1 Service Port

In a service port, the government or public pothatity owns, operates and maintains all port assesupport for
port operations. All labors in charge of operatiamd maintenance of port assets are directly emgldye the
authority. This governance model was common praothe waves of privatization and devolution, bu ttumber
continues to decline as most of the remaining sergbrts are currently in transition towards a lardiport structure
(The World Bank, 2007). The port type allows a @ approach to growth as all responsibilitiesgfort operations
and development belong to one entity only. Howethex,absence of internal competition in port openat may lead
to inefficient operation and failure in meeting therxamic market demands.

Text Box A-1: Port of Cirebon, Indonesia

The Port of Cirebon is situated in the north cadistava Island, Indonesia. It is now served adtannative port to
Port of Tanjung Priok, the largest port in Indoaesvhich is currently facing an operational ineffrecy problem
(Artakusuma, 2012; Rizkikurniadi & Murdjito, 2013)lost of the port activities consist of handlingkbimports
of coal, liquid asphalt and vegetable oils for West Java hinterland. The port is owned by the Gowent of
Indonesia and operated by the state-owned corparafilndonesia Port Corporation (Indonesia PompGation,
2012).

A.2 Tool Port

In a tool port, the public port authority remaimsponsible for providing the essential infrastreesue.g. waterways,
quays and yards), superstructures (e.g. quay grandsground vehicles. The operations of thoserstipetures and
ground vehicles are generally carried out by pevatevedoring firms under licenses granted by thbaaity. This
port type avoids any duplication in port assetgalasf them are provided by the authority. Howewee separation
between ownership and operation of superstructares vehicles for goods handling, goods storing gralind
transportation sub-operations could lead to canfigdween the authority and stevedoring firms.
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Text Box A-2: Port of Chittagong, Bangladesh

The Port of Chittagong is the busiest containet poBangladesh. In 2005, the port handled abodb @ the
national foreign trades. However, the port is auttyefacing a low productivity issue and the slawrtaround time
is expected to negatively impact the national eagnorhe Chittagong Port Authority is the overalhadistrator
of the port, who is responsible for the managemsodrdination, future planning and providing sonoet gervices
(Shahjahan, 2000). Goods handling and storage, edlsas ground transportation sub-operations aretlyngs
performed by stevedores hired by shipping agerits, ave granted by the port authority to provideveht labors
(The World Bank, 2005).

A.3 Landlord Port

In a landlord port, the public or semi-private pauthority acts as the landowner and grants coiteess one or more
private port operators to execute goods handlingdg storing and ground transportation within tentnal for a

certain time period. According to Notteboom (2007)the context of brownfield development (i.e. gidd to the

existing port infrastructures), concession usu#dlges the form of long-term lease. In such contrdet public

authority is responsible for providing and mainiiainport waterways and other main infrastructurelsile private

operators are allowed to perform goods handlingdgcstoring and ground transportation sub-opersituming their
own superstructures and vehicles, as well as diigacevenues from their operations. In return he fgiven

concession, the operators are required to pay eermefees to the authority regularly. The supecstres can be
held by the authority with or without payment iretend of the long-term lease contract, dependintherstipulated
agreement between the authority and the operdiotkis case, the public-private partnership madal be classified
as an Equip-Operate-Transfer (EOT) one (The Woddk32007).

Text Box A-3: Port of Tanjung Priok, Indonesia

The port is handling more than 50% of annual Indaretranshipment cargos. Its operation is infaryokisown
as one of the least efficient in South East Asidh w&n average turnaround time of 6 times of thathie Port of
Singapore (Artakusuma, 2012; Rizkikurniadi & Mutdji 2013). The port is a property of the Indonesjan
government and currently being operated by twodjrmhich are Indonesia Port Corporation and HuszmnPort
Holdings. The private holdings entered the porbilgh an EOT agreement with the state-owned firm iand
installed new equipment and provided training teriove the crane efficiency from 18-19 moves penerper
hour in April 1999 to 24-25 moves per crane perrhodate 2000 (Ray & Blankfeld, 2002).

In new terminal or port development (i.e. greedfi@glevelopment), more options are feasible to aléodhe
responsibilities for designing, constructing, fineng the construction and operating the terminaiwben port
authority and private sector. In general, the atth@rovides new development areas or lands toptineate sector,
while at the same time still in charge of providiagd operating navigable waterways. The privatdoseis
responsible for developing the relevant port infiagures (e.g. quays, seawalls and pavementsgquigping them
with the relevant superstructures and equipmerguiport for port operations. In most cases, dutirgycontract
period, the infrastructures are owned by the aitihavhile the superstructures and equipment adeupossession of
the private sector. As discussed in Notteboom (R0@¥ commonly applied partnership options in gfiedd
development of landlord ports include the followdng

1)  Build — Lease — Operate (BLO)
The authority leases the construction and operaifoa terminal to a private consortium or Speciatpg@se
Company (SPC) through a long-term partnership.grhate actor constructs the terminal using fundwioled
by either the authority, consortium, or both, ambrates it afterwards. The authority owns the righthe
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terminal throughout the partnership period and iregulease fee payment from the consortium or compa

regularly. This type of project financing is comroapplied in port development projects in China.

Text Box A-4: Fuzhou Port, China

To meet the increasing demand of bigger containessheducing freight rates and stimulating corgaigrowth,
the Fuzhou Port Authority created a joint ventuihWSA Corporation Limited in April 1998 (UNCTALL998).
The deal requires the corporation to (1) manage @etate the existing Qingzhou and Taijiang comtali
terminals, (2) study the feasibility of developiaghew deep-water container terminal in the poitpgform the
construction of the terminal and (4) manage theraipms of the terminal afterwards (Bangsberg, #99
Bangsberg, 1999b; UNCTAD, 1998).

2)  Build — Operate — Transfer (BOT)

The port authority grants a concession to a prifiaibe to design and construct a new terminal, foauthe
construction, operate the terminal and obtain regsrfrom the operation afterwards within an agreee
period stipulated in the contract. Therefore, urB&T contract, all risks of construction and operatof the
terminal are transferred to the private sectorrduthe partnership. At the end of the partnership,authority
retains all of the operations and pre-agreed askdts currently the most popular public-privatarimership

option for greenfield development of port termingierts et al., 2014; Notteboom, 2007).

Text Box A-5: Nhava Sheva International Container Brminal, India

The terminal is the first private container ternhiaad one of the most modern terminals in Indis.diévelopment
was executed by P&O Ports (now: DP World Limited) 1997 under a 30-year BOT agreement with

Government of India at a cost of USD 200 millionP(Vorld Limited, 2013). The private firm completdue

construction before the schedule and commenceapisations in 1999 (India. Ministry of Finance, @D1The
private participation in port operations resultsam impressive gain in operational efficiency. fwstance, the
average turnaround time in 2003-2004 for containes 1.84 days, which was far superior as comparétbse in
comparable terminals operated by public sector (BREP, 2008).

the

3) Build — Rehabilitate — Operate — Transfer (BROT)
The project financing agreement in form of BRO&iglogous to the BOT agreement. However, the mai

na

of the project under BROT is to build an add-orthe existing facility, rehabilitate, retrofit, opgrade an
existing port terminal. After the terminal is coraf@d or modernized, the private consortium or compa
entitled to operate the terminal and gain revenom the operations. In the end of the concessienupgraded

terminal and its operations are retained back bypthrt authority.

Text Box A-6: Port Klang Container Terminal, Malaysia

According to UNESCAP (2008), Port Klang is a goadaraple of BROT project financing agreement
transportation sector. In 1986, an award of 21-geatract was given by the Port Klang Authorityatoew private
terminal operator named Klang Container Terminal K The contract allows the operator to enhana@mage
and operate container facilities in Port Klang. Thatract was indeed a result of the privatizaposgram initiated
by the Government of Malaysia. The key driver foe fprivatization was the low operational efficienoythe
terminal, as compared to the international stan@dNESCAP, 2008). According to the privatizatiomplof the
terminal, the shares of KCT were distributed akws: (1) new private operator — 40% of the shaf2sgeneral
public — 35% of the shares, (3) Port Klang Autho#it20% of the shares and (4) employees of KTC -0b%e

n

shares (Havelka, 1990).
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4)  Build — Operate — Share — Transfer (BOST)
BOST project finance agreement is very similati®BOT one, except for the fact that the revenuaindd by
the private operator has to be shared with the pathority during the concession period. The slgarin
requirement is generally stipulated in the conthattveen the authority and the operator.

Text Box A-7: Krishnapatnam Port, India

Andhra Pradesh region was one of the first poresitn India that recognize (1) the need for enbdngort
equipment and (2) the benefits that could be brobghprivate sector. The privatization of Krishnagan Port
was conducted through a BOST agreement. The BO&Tamb between the Government of Andhra Pradesh|and
Krishnapatnam Port Company Limited stipulates {figatthe company is granted for a concession of &f-yhat
can be extended by 2 more spells of 10 years €ackhe revenue from port operations has to beeshaith the
government at a progressive rate, in which it veags be 5% in the first five years and 12% inltter years and
(3) at the end of the concession, immovable asgsetgansferred to the government at no cost (Thvement of
Andhra Pradesh, n.d.).

Landlord port type avoids any potential conflictvoeen port stakeholders because the operationswanerships of
internal assets are held by a single entity ofgtevcompany or consortium within its concessionopetHowever, it

could lead to a risk of overcapacity as one or nsta&eholders may pressure for capacity expansgiocording to

Ligteringen and Velsink (2012), as of 1997, 88%ay 100 container ports across the globe belorigndlord port.

As previously discussed, the port type is widelplamented nowadays because of the need for enhapeegational

efficiency of ports, which are provided by privatert operators. Moreover, increasing public defit the adoption
of austerity measures have forced many governntergsant port operations and new developmentsit@fer sector
(Aerts et al., 2014).

A.4 Private Port

In a private port, a private firm or consortium @yoperates and maintains all port assets, inajuttia land of the
terminals. Statutory functions, such as naviga#ind safety, environmental protection and customigestnain under
strict control of the relevant government authestiThe port type is very likely to lead to flexdkgort operations and
hence market-oriented services and tariffs. Howewemnopolistic behavior or cartel (i.e. illegal agment between
private port operators) may appear and cause ignifloss in public welfare. Moreover, public ilv@ment in
developing long-term economic policies and strategelevant to maritime transportation is dimingshe

According to Baird (2000), one of the most commagthnds employed to bring about port privatizat®executing a
public-private partnership that transfers the owhgr of the port to private sector for a certaimei period or
continuously. Examples of such partnership areksis:

1)  Build — Own — Operate — Transfer (BOOT)
Under BOOT scheme, a private corporation or consarfinances the construction of the terminal, owhnes
terminal, possesses the right to operate the tetramd gains revenue from the operations withiagreed time
period. In the end of the agreement, all of thetgsare transferred to the authority for free oa gre-agreed
price (The World Bank, 2007). As the ownership lo¢ terminal is also transferred during the conoessi
period, the port can be considered as a privatevithe the period.

2)  Build — Own — Operate (BOO)
The project financing agreement of BOO is similarthat of BOOT, but the developed terminal is not
transferred to the public port authority at all.eféfore, since the construction begins, the partbeaclassified
as a private port.
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Apart from the public-private partnership chanipeivatization can also be done by directly auctigrports to private
sectors, such as in the case of ports in the UKibegdom (Baird, 2000).

Text Box A-8: Assaociated British Ports Holdings, Uited Kingdom

The private holdings is currently owning and opemt21 major ports in the United Kingdom, which |is
approximately equivalent to 25 percent of the maticGea-borne trades. Since 2006, it is owned dnaortium of
Goldman Sachs, Borealis, GIC and Prudential. ThHeimgs obtained the ports by purchasing them friwe
government, which was critized for selling the &sfructures at highly discounted prices (Baird, @0@s the
market share of the holdings grows, competitiorwbet ports in the nation becomes less intense,iw¢oald
later lead to monopolistic behaviour of the holdintp this case, the goal of enhancing competi#ioong ports
that result in benefits flowing to port users cofdil (Baird, 2000).

—

A.5 Summary of Roles of Public and Private Sectons Different Port Governance
Models

Based on the aforementioned descriptions of diffengort types, the distribution of responsibilitiésr asset
ownership and operation between public and prisattors in different port governance models caddtermined, as
tabulated in Table A-1. As argued by Baltazar amdoBs (2001), the allocation of responsibilitiesdach sub-
operation differs from nation to nation. TherefareTable A-1, each of the presented sectors rédepsrt stakeholder
that plays higher role in the ownerships or operetiof the relevant assets, but not necessarilpnhe sector that
owns or operates the assets. For instance, asopsiyidiscussed, Port of Tanjung Priok, which igarded as a
landlord port, is currently being operated by beiblic and private sectors. However, the privatetase(i.e.
Hutchinson Port Holdings) can be considered to plégrger role in goods handling as it providesyqeranes and the
operators.

Table A-1: Distribution of responsibilities for atownership and operation in different port goveroe models

Port sub-operations
Navination | Behin Goods Ground Goods Connection to
9 9 Handling |Transportation| Storing |Hinterland Connection
Main Assets Owner
Service = Public
Main Assets Operator
Tool Main Assets Owner Public
[72]
Qo Main Assets Operator Public Private Public
2 Port authority* for infrastructures
y = i . - ok
£ | Landiord Main Assets Owner Port authority* Private for superstructures and vehicles | Ot authority” and/or
g - Private
Main Assets Operator Private
Privat Main Assets Owner Privat
S Main Assets Operator Lo

* Port authority can be either a public or semi-private entity in a landlord port.
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Appendix B - Description of Unselected Variants of Real
Options Analysis

As discussed in Chapter 1.5, (1) decision treeyarsal(2) Binomial Option Pricing Method, (3) BlaSkcholes Option
Pricing Model and (4) spreadsheet analysis variahBeal Options Analysis (ROA) have been appliedvaluing
options in engineering projects. In the end, tist V@riant was found to be the most suitable omeléweloping an
assessment framework of viability and efficiencclirnate adaptation investments in ports. Whiledbkected variant
has been described in Chapter 5.2, the remainingnta are briefly elaborated in this appendix.

B.1 Decision Tree Analysis

ROA is grounded on decision tree analysis, whicstils considered to be one of the most importaold that take
flexibilities, which are left out from the standadiscounted cash flow analysis, into account. Sideeision tree
analysis was found, it has been remaining as aoritapt tool for investment decision. In summaryg #nalysis is a
tool that shows strategic future pathways that skmes can take based on a number of different iples$uture
scenarios. Its application is suitable when (1)sfiide future conditions, (2) the probability of ocence of each
possible future state and (3) the returns of diffierinvestment options in each future state arewknavith
considerable accuracies.

According to de Neufville (1990), a decision treecomposed of three basic nodes, which are (1)pidechodes,
where possible decisions are presented and a @edias to be made, (2) chance nodes, where outcoinakiféerent
investment options are determined by probabiltiesccurrences of possible future conditions andd€Bninal nodes,
where an investment or project is completed. Bygagsy probabilities and payoffs in all chance rodad terminal
nodes, respectively, the value of each decisiorbeagvaluated as the sum of products of probadsilaind payoffs of
all possible future outcomes of the decision.

For instance, consider a hypothetical port whoseraipns are at high risk of storm surge. The feagy of such
adverse event is still expected to be very rareh &1 once every 10 years (i.e. a probability euoence of 0.1 in a
year, approximately). As shown in Figure B-1, tlmtps facing two options of (1) taking a prevestineasure of
raising the port and (2) do nothing. The cost ding the port is assumed to be 100, while the ¢cgol in net annual
cash flow in case of any storm surge event is drgeio be 350. Therefore, the benefit gained fraisimg the port is
250 if any surge occurs in a particular year. Ftbase assumptions, the payoff of each option caetermined, as
presented in Figure B-1. The values of the optioh&raise the port” and “no action” are therefo@s-and -35,
respectively. By comparing the values, it can bectuded that the option of “no action” prevails.

Payoff
oA Extreme storm surge A 250
Raise the port [
7o No extreme surgeA -100
Adapt? 09
oA Extreme storm surgeA 2350
No action °
Legend D > No extreme surgeA 0
[ Decisionnode -9
@ Chance node
A Terminal node

Figure B-1: An example of decision tree analysia ofimate adaptation measure for a hypotheticat po
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B.2 Binomial Option Pricing Method

Binomial Option Pricing Method employs a discreteet process. In summary, it is based upon an adsumipat the
price of an asset can move either (1) upwards aithup factor ofu and probability ofp or (2) downwards with a
down factor ofd and probability ofl —p at any time interval (Cox et al., 1979). A binohti®e can be used to
illustrate how the asset price evolves with tineeshown in Figure B-2. A formula derived from GeamneeBrownian
Motion is used to compute the value of each op#issociated with the asset price. The main varidd@ehas to be
estimated for employing the method is the volatitif the asset price. As presented in Cox et 879}, the equations

generally used for computing the up and down factoeu = eVl andd = e~oVh = 1/u, wherea is the volatility
of asset price anklis the time interval between asset price movement.

WP p u.u.P
p 1-p u.d.P
Current Price (P)
p d.u.P
1-p
dp 1-p d.d.P
Time
1 2

Figure B-2: An illustration of the evolution of @grice with time in Binomial Option Pricing Mettho
B.3 Black-Scholes Option Pricing Model

Black-Scholes Option Pricing Model is perhaps tleshpopular method for evaluating the price ofnarficial option
in financial market. The model was developed inghdy 1970s by Fischer Black, Myron Scholes antddRoMerton,
and it was considered as a major breakthroughrimatve pricing (Black & Scholes, 1973). The matiaical model
offered by them can be considered as a closed-fmintion, which is a mathematical equation that bansolved
using a set of assumptions for some input variafilee model has been widely used to assess the wéliinancial
options, such as the price of a European call ogiioa dividend-paying stock. According to Hull (3), the price of
the option can be modelled as:

In(So/X)+T.(r-y+a?/2) _In(So/X)+T.(r-y—02/2)
oVT andd, = VT

CO == So. e_qT. N(dl) — X. e_rT. N(dz), Whered1 -

In the formula,C, represents the price of the optiSp,refers to the current price of the stock assoditdghe option,

q indicates the continuous compounded dividend ohtbe associated stock,is the time to maturity of the option,
N(.) represents the cumulative probability distributfonction for a standardized normal distributidnindicates the
strike price of the option (i.e. the price at whitte owner of the option can buy/sell the stoclkoeisted to the
option),r is the risk-free interest ratg,is the dividend payout rate aods the standard deviation of annual return of
the stock.

According to Eschenbach et al. (2007), real optiongngineering projects have many differences @eg to
financial options, which is the general habitatboth Binomial Option Pricing Method and Black-Saw®lOption
Pricing Model. Firstly, in engineering projectseté is no existence of market that sells and buggtoject as active
as the trading market for financial options. Setgndngineering projects, especially in the contektdynamic
climate, may include many uncontrolled (i.e. exédrivariables, such as climate variables, econaroevths, while
stock price is the only uncontrolled variable inaincial options. Lastly, the existence of an opeanket for financial
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options allows one to prove the validity of finasicoptions valuation and pricing. In contrast, thexistence of
market for real options in engineering projects ligg that proving the validity is difficult or ragh impossible.
Eschenbach et al. (2007) conclude that both Binb@ijation Pricing Method and Black-Scholes Optiorncipg
Model are not better than discounted cash flow yamalfor accounting uncertainty in parameters dfimeering
projects. The recognition of the value of flexityilin decision making is the only benefit offeredthe methods.

72



Appendix C — Climate Risks and Opportunities Assesg Matrix for Container Terminals

Appendix C - Climate Risks and Opportunities Assessment

Matrix for Container Terminals

Climate Risks and Opportunities Matrix for C
Name of Assessed Terminal Terminal A
Climate Main Range/Threshold of Relevant < Risk for Terminal
Change Typeof | MainSub- | Lo Weather Variables Relevant Peimary Impacts Assets/Operations? Other Sub-| Relevant Secondary impacts
No|lmpactand |Risk/Opp.| operation Asset(s) Impact™ i Impact™ Source
Waatsr fo iAffSctad Variable  |Range/Threshold|Risks and Opportunities Assets | Operations Affected | RISKIOPP. |pyy ¢ and Opportunities
Event Terminal® Type
\mpacts of + Lower terminal demand/call due to (1)
climate reduction in the production of main
change on the export commodities in the regions Connell et al
1 |economies of | FIN Al None NA NA served by the terminal, such that the . v Al None None 2015), Stenek
the terminal's export volumes of the regions are etal (2011),
et trading lessened and/or (2) increase in the USCCSP (2008)
» pl of main import
in the main trading countries, such that
their demands for import are reduced.
Shiftin + Higher terminal dema
distribution of increase in the production of main
weather- export commodities in the regions
sensitive served by the terminal, such that the Connell et al.
commodities export volumes of the regions are
2 FIN Al None NA N/A P eglons a - v Al None None (2015), Stenek
(eg. enhanced and/or (2) reduction in the etal. (2011)
agricultural, production of main import commodities
fishery and in the main trading countries, such that
forest their demands for import are enhanced.
products)
.ngh wave, Agquatic Subjected to the [+ Reduction in the habitability of the  Higher expenditure ‘W compensaupg Connell et al
including that y the loss of the vegetations and species. (2015), Stenek
3 ! ENV None vegetations and | Wave speed | vegetations and |vegetations and species due to coastal | v - None FIN ?
induced by species species erosion + Higher premium to insure the et al. (2011),
storm pe P : vegetations and species. USCCSP (2009)
« Higher expenditure for compensating
. Aquatic + Reduction in the habitability of the g ” Connell et al
High saliity of ENV None vegetations and ABeepwdier >0 ppm vegetations and species due to salt v - None FIN thetlosss f e vegetations: s spiecies. (2015), Stenek
seawater salinity + Higher premium to insure the
species stress. et al. (2011)
vegetations and species.
High  Reduction in the habitability of the + Higher expenditure for compensating
5 I;:scldplrr:au;]n.l ENV N /:q:allc hid Rainfal iubje:;:‘eilo (rr:: vegetations and species due to silt and ¥ N No FIN the loss of the vegetations and species (;%T;e“;‘:nl "
udmg i one vegemtions a ainta egetations and | yehris run-off to the vegetation and ne + Higher premium to insure the (2045), Stens
induced by species species 4 e . et al. (2011)
torm habitat of the species. vegetations and species.
+ Higher expenditure for compensating
Aquatic '+ Reduction in the habitability of the & t Connell et al.
" I A
g [(verage sea (EERY None | vegetations and | AWater level >0cm  |vegetations and living spaces for v s None R - o of e vegetations and species (2015), Stenek
level rise s ies » Higher premium to insure the et al. (2011)
Spee Species. vegetations and species. o
+ Reduction in the habitability of the
Ve?em‘a‘r'r‘:'l‘sv’f”f s ‘”“s"sfe ol - Higher expenditure or lower
High air/sea Aquatic Air and sea Subjected to the ;ip ;‘ Um ving lemperaires for compensating the loss of the Connell et al.
 § 'e'g“ ctire ENV None vegetations and surface vegetations and i gh. " v - None FIN vegetations and species. (2015), Stenek
pe species temperature species s « Higher premium or lower premium to et al. (2011)
4 A 5 insure the vegetations and species.
optimum living temperatures are not
low.
+ Reduction in the habitability of the
vegetations and species whose S B
optimum living temperatures are not - el b s
High air/sea Aquatic Airand sea | Subjected to the 0";’ g temp for compensating the loss of the Connell et al.
8 te?n cafise ENV None vegetations and surface vegetations and i o e v - None FIN  |vegetations and species. (2015), Stenek
pe species temperature species i o= itiose. e + Higher premium or lower premium to etal. (2011)
o i s insure the vegetations and species.
optimum living temperatures are not
high.
« Inoperational berthing, goods handling
OPE ground transportation, goods storing and
connection to hinterland connection of the
terminal
+ Off-site and water pollutions due to
dredging, especially if the dredged
materials are not stored and recycled
properly.
el Higher threat to species living within or
+ Slower marine traffic/Higher terminal around the terminal due to improper
downtime as a portion of waterways dredging and hence reduction in water
could be closed during dredging, which quality.
is more frequently needed " « Lower terminal profit due to slower
> Reduction in the size of sea vessels marine traffic/higher terminal downtime
o B e due to higher and lower volume of goods served by the
Droughtness Navigation and in ship navigability. terminal.
i { g f h
[or:-l'ty for inland OPE Ct:‘nr;ecltlor‘\,(n Waterways AWater level <0em Lower(v‘;)lur;\e (;dgoods §e;:‘/ed by ti we( v v Al + Higher operational Sztg?iek etal
container interland terminal due to reduction in the amount FIN expenditure/insurance premium due to ( )
terminals] connection pf cargos that can be carried by higher dredging costs
incoming vessels. It has been estimated + Higher operational
that a cargo vessel must reduce its expenditure/insurance premium for
carrying load by 50 - 270 tons for every ing the loss of the
2.5 cm decline in the water level. ) and species
+ Increase in terminal downtime during
drought or dry period. « Lower health quality and death of
terminal labors and residents living
nearby the terminal due to increase in the
amount of disease/virus carrying
transmittances (e.g. dengue carrying
SOC |mosquitos), whose habilitabilities are
enhanced in drought season.
» Migration of residents or workers whose
main incomes are dependent on the
functionality of the terminal and quality of
the surrounding water.
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« Offsite and water pollution due to
dredging, especially if the dredged
materials are not stored and recycled
properly.

« Lower water and air qualities due to run-

any severe goods handling accident.

ENV  |offs of greywater, blackwater, dusts, silts
and debris to waterways, as well as spills
of stored goods.

+ Damage to goods stored and other + Higher threat to species living within or
terminal assets f they are not properly around the terminal due to improper
stored or lashed. dredging, the run-offs and spills.
[ Higher needs for cleaning the affected
terminal infrastructures, « Lower terminal profit due to lower
superstructures, goods stored, sea volume of goods served by the terminal.
Wodsuet > tism 50,2 vl e rn
10| Dust storm GFE A Al Visibility level <200m mfrasgruclures Al EIN c;r:;ginguai;i ;;:niri; §||2«$czea°;sse‘s, :30:141: ‘fnzm 4
Sty level * Higher terminal downtime due to higher| additional maintenance requirements for omeren G )
dredging requirement induced by silts the affected assets, replacement of the
and debris run-off to seawater. [damaged assets, compensating the
» Lower volume of goods served by the [damaged goods and compensating the
terminal due to slower marine traffic and loss of the vegetations and species.
higher downtimes of internal and
landside operations. * Lower health quality and well-being, as
well as death of terminal labours and
residents living nearby the terminal due to
eyes disease, high winds and working

SOC |accidents induced by the storm.

« Migration of residents or workers,
(whose main incomes are dependent on
the functionality of the terminal and quality
of the surrounding water (e.g. fisherman).
» Slower or inoperational berthing, goods
handling, ground transportation, goods

OPE storing and connection to hinterland
connection of the terminal
* Higher requirement for support systems
(e.g. search and rescue supports).

« Water pollution due to run-offs of debris
and goods into waterways.

« Off-site and water pollutions due to
dredging, especially if the dredged

ENV  |materials are not stored and recycled

» Reduction in the safety of marine

z traffic properly.
High Navigation and Sthiectedto: |y o volrie of goods served by the +Higher thveat o Species g wininior
fogginess and Connectionto |Sea vessels and uatalive terminal due to slower marine traffic or Stolindihe teminal die to improper
11099 OPE Visibility level | judgement by the " y : Al dredging and the run-offs. Author

relative hinterland waterways marine traffic higher terminal downtime. Ty s oottt dus o loweT
humidity connection contoller | Damage or loss of sea vessels and MO IETIG PrmCle Jo ower.,

goods being carried in the vessels in volume of goods served by the terminal.

case of any marine traffic accident. - Higher operational

expenditure/insurance premium for

FIN and
requirements for the affected sea vessels
and goods, more frequent dredging,

the loss of and
species, providing additional support
ystem:

+ Migration of residents or workers whose
soc main incomes are dependent on the

functionality of the terminal and quality of

the surrounding water.

+ Slower or inoperational navigation

goods handling, ground transportation

OPE goods storing and connection to
hinterland connection of the terminal
» Higher requirement for support systems
(e.g. search and rescue supports).

« Water pollution due to run-offs of debris
and goods into waterways.
« Off-site and water pollutions due to
+ Reduction in the berthabilty of the :"WE’.““ vegetation growth and
redging, especially if the dredged
incoming vessels. ENV al t stored and led
+ Lower volume of goods served by the materials are not stored and recycl
. terminal due to slower marine traffic or properly.
§ X Subjected to © r + Higher threat to species living within or
High Berthing and o higher terminal downtime. .
fogginess and Connectionto |Sea vessels and qualtative 1, Damage to berthing assets in case of around the terminal due to improper
12 OPE N - Visibility level | judgment by the y . Al dredging and the run-offs. Author
relative hinterland berthing assets marine traffic |2 berthing accident. Lower terminal orofit due 1o lower
humidity connection ontoller | Damage or loss of sea vessels and ; P P o .
goods being carried in the vessels in [volume of goods served by the terminal
case of any berthing accident. * Higher operational
" Higher vegeiton growhinhe expendiurelnsuance premium or
berthing area. FIN requirements for the affected berthing
assets, sea vessels and goods, more
frequent dredging, compensating the loss
of vegetation and species, providing
additional support systems and removing
the unwanted i
» Migration of residents or workers whose

S0C main incomes are dependent on the
functionality of the terminal and quality of
the surrounding water.

« Slower or inoperational navigation,
OPE berthing, ground transportation, goods
storing and connection to hinterland
Subjected to * Reduction in the operationality of quay connection of the terminal
. . Qualdlive  |creines + Lower terminal profit due to lower
High judgment by the |» Lower volume of goods served by the volume of goods served by the terminal
13[fogginessand | coe | oo handing | Quay cranes | Visibiy level operators. [terminal due to slower or higher i < Higher operational Author; van
relaqvg [downtime of internal operation. FIN expenditure/insurance premium for Pomeren (2014)
humidity In Rotterdam | Damage or loss of quay cranes and " or
World Gateway |goods being handled in case of any requirements for the affected quay
terminal: < 200 m |goods handling accident. cranes and goods
soc | Injury and death of port labors in case of
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- Slower or inoperational navigation
berthing, goods handiing, goods storing

GRE and connection to hinterland connection
of the terminal
Subjectedto |+ Reduction in the operationality of !
qualitative ground vehicles » Lower terminal profit due to lower
High judgment by the | Lower volume of goods served by the volume of goods served by the terminal.
fogginess and Ground operators. terminal due to slower or higher « Higher operational |Author; van
" relative OPE transportation Graund veliicles: | Visbity level downtime of internal operation. A FIN expenditure/insurance premium for Pomeren (2014)
humidity In Rotterdam |+ Damage or loss of ground vehicles it i
World Gateway |and goods being transported in case of requirements for the affected ground
terminal: < 200 m [any ground transportation accident. vehicles and goods.
« Injury and death of port labors in case of
SOC  |any severe ground transportation
accident.
« Slower or inoperational navigation,
OPE berthing, goods handling, ground
transportation and connection to
Subjected to * ()R;dsui::;v:nm ;hi}o;:‘?;:wna\llv of hinterland connection of the terminal
qualitative ?Lower vo[u?neqo’ pcods servedbydhe » Lower terminal profit due to lower
High 5 judgment by the g volume of goods served by the terminal.
o Goods storing terminal due to slower or higher
fogginess and . o operators. v * Higher operational |Author; van
15 OPE Goods storing | equipment and | Visibility level of internal operation. Al =
relative o lorages  Bama e as of R Glarh EIN expenditure/insurance premium for Pomeren (2014)
humichy # ¢ \1Rofteraam equij megnt oods stgra e)S and gonds ‘ i oF
World Gateway qup 9 9 g requirements for the affected goods
being stored in case of any goods . .
terminal: <200 m storing equipment, goods storages and
storing accident. 2
goods being stored.
« Injury and death of port labors in case of
Soc - .
any severe goods storing accident.
* Slower or inoperational navigation,
berthing, goods handling, ground
OPE
transportation and goods storing of the
[ Reduction in the operationality of terminal
Subjectedto  |connection to hinterland transporters
qualitative |+ Lower volume of goods served by the + Lower terminal profit due to lower
High Comnectionto judgment by the |terminal due to slower or higher volume of goods served by the terminal.
1g|fogginessand | (o et Trucksand |\ o level operators.  |downtime of landside operation. . + Higher opergtional Author; van
relative trains ity - Damage or loss of trucks, trains, truck (i1 *Penditure/insurance premium for Pomeren (2014)
o connection 7 or
humidity In Rotterdam  |stations, train stations and goods being
World Gateway [transported in case of any accident in Jaheneotsd i
terminal: < 200 m |goods transfer to hinterland transportation vehicles and stations, as
transporters well as goods being 5
» Injury and death of port labors in case of
SOC |any accident in transferring goods to
+ Slower or inoperational berthing, goods
handling, ground transportation, goods
storing and connection to hinterland
OPE
connection of the terminal
* Higher requirement for support systems
(e.g. search and rescue supports)
+ Water pollution due to run-offs of debris
and goods into waterways.
[+ Reduction in the safety of marine « Off-site and water pollutions due to
traffic unwanted vegetation growth and
[+ Reduction in the ship navigability as a dredging, especially if the dredged
result of higher sedimentation rate and ENV materials are not stored and recycled
High» ) Subjected to lamount of silts and debris run-off to properly.
precipitation, Navigation and qualitative \waterways, leading to lower draft « Higher threat to species living within or Stenek et al
1 sngMall and OPE Copnecllon to [Sea vessels and Visibilty level | judgment by the clearance or water depth. Al ar oun_d the terminal due to improper (2011), USTRB
hail, including hinterland waterways marine traffic |* LOWer volume of goods served by the dredging and the run-offs. el
those induced connection caontemller e terminal due to slower marine traffic or « Lower terminal profit due to lower
by storm higher terminal downtime. volume of goods served by the terminal
- Damage or loss of sea vessels and .+ Higher operational
goods being carried in the vessels in expenditure/insurance premium for
case of any traffic accident or extreme = i i and
rainfall, snowfall and hail requirements for the affected sea vessels
and goods, more frequent dredging,
compensating the loss of vegetation and
species, providing additional support
system:
+ Migration of residents or workers whose
SOC main incomes are dependent on the
functionality of the terminal and quality of
the surrounding water.
» Slower or inoperational navigation,
goods handling, ground transportation,
OPE goods storing and connection to
hinterland connection of the terminal.
* Higher requirement for support systems
(e.g. search and rescue supports)
» Water pollution due to run-offs of debris
and goods into waterways.
o REdiE i i e berthabity of thie + Off-site and water pollutions due to
Iv——— unwanted vege(_atlon‘ growth and
+ Lower volume of goods served by the ERUR|Oredsing, especially f the dredged
. materials are not stored and recycled
terminal due to slower marine traffic or property.
H|gh> o Subjected to [ugher terming downtime. = 5 » Higher threat to species living within or
precipitation, Berthing and . « Damage to berthing assets in case of Al in : = 5
) qualitative 5 ; . around the terminal due to improper Stenek et al
snowfall and Connectionto |Seavesselsand| . . .. " any berthing accident or extreme rainfall, particular 5
U ol OPE ! 5 Visibility level | judgment by the : dredging and the run-offs. (2011), USTRB
hail, including hinterland berthing assets afne i snowfall and hail. Goods 2008)
those induced connection S bolar |t Damage or loss of sea vessels and Handiing tlowertemial praft due o lower, (¢
by storm goods being carried in the vessels in volume of goods served by the terminal.
case of any berthing accident or - Higher operational
extreme rainfall, snowfall and hail. expenditure/insurance premium for
« Higher vegetation growth in the additional maintenance and replacement
berthing area. FIN requirements for the affected berthing
assets, sea vessels and goods, more
frequent dredging, compensating the loss
of vegetation and species, providing
additional support systems and removing
the i
» Migration of residents or workers whose
soc imain incomes are dependent on the

functionality of the terminal and quality of
the water.
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+ Slower or inoperational navigation
berthing, ground transportation, goods

main incomes are dependent on the
functionality of the terminal and quality of
the surrounding water.

CHE storing and connection to hinterland
connection of the terminal.
|+ Water pollution due to run-offs of debris
and goods into waterways.
« Off-site and water pollutions due to
unwanted vegetation growth and
dredging, especially if the dredged
* Reducti the tionality of = ials are not stored and recycled
Subjected to Craie\;c ion in the operationality of quay st Y
High ualtatie | e volime of goods served by e + Higher threat to species living within or
precipitation, judgment by the = h 1 di 2 (Connell et al
H i operators, _|[eMinal due to siower or higher around the terminal due to improper 2015), Stenek
19 hail, including OPE | Goods handling | Quay cranes | Visibility level ) downtime of internal operation. Al dredging and the run-offs et al (éO 11), van
those induced InRotterdam " Damage or loss of quay cranes and + Lower terminal profit due to lower ) Pomeren (2014)
goods being handled in case of any volume of goods served by the terminal.
by storm World Gateway
: goods handling accident or extreme » Higher operational
terminal: <200 m
rainfall, snowfall and hail FIN  |expenditure/insurance premium for
or r
requirements for the affected quay
cranes and goods.
« Injury and death of port labors in case of
any severe goods handling accident.
|+ Migration of residents or workers whose
soc
imain incomes are dependent on the
functionality of the terminal and quality of
the surrounding water.
'+ Slower or inoperational navigation,
berthing, goods handling, goods storing
OPE
and connection to hinterland connection
of the terminal.
+ Water pollution due to run-offs of debris
and goods into waterways.
« Off-site and water pollutions due to
|+ Damage to internal roads due to unwanted vegetation growth and
erosion or increased soil moisture of the ENV dredging, especially if the dredged
road, especially if the road is unpaved. materials are not stored and recycled
Subjectedto |+ Reduction in the operationality of properly.
High qualitative  |ground vehicles, especially if Automated + Higher threat to species living within or
precipitation, Tterrial road judgment by the |Guided Vehicles are employed for around the terminal due to improper Connell et al.
2 snowfall and oPE Ground and around Visibility level operators. ground transportation. Al dredging and the run-offs. (2015), Stenek
hail, including transportation verﬁcles ol '+ Lower volume of goods served by the « Lower terminal profit due to lower et al. (2011), van|
those induced In Rotterdam  [terminal due to slower or higher \volume of goods served by the terminal. Pomeren (2014)
by storm World Gateway [downtime of internal operation.  Higher operational
terminal: < 200 m |+ Damage or loss of ground vehicles B - cnciture/insurance premium foF
and goods being transported in case of i or
any ground transportation accident or requirements for the affected internal
extreme rainfall, snowfall and hail. roads, ground vehicles and goods.
» Injury and death of port labors in case of
any severe ground transportation
accident
SOC |+ Migration of residents or workers whose
main incomes are dependent on the
functionality of the terminal and quality of
the surrounding water.
* Slower or inoperational navigation,
berthing, goods handling, ground
OPE
transportation and connection to
hinterland connection of the terminal.
[+ Water pollution due to run-offs of debris
and goods into waterways.
| Off-site and water pollutions due to
unwanted vegetation growth and
|+ Reduction in the operationality of dredging, especially if the dredged
goods storing equipment. ENV' | naterials are not stored and recycled
Subjected to * Inoperative goods storages, especially properly.
High qualitative those exposed to rainfall, snowfall and « Higher threat to species living within or
precipitation, Bl i judgment by the ?i'; o i s wend e i around the terminal due to improper Connell et al
snowfall and < S 9 ; operators DT Yous " 5 o dredging and the run-offs (2015), Stenek
21 OPE Goods storing | equipment and | Visibility level terminal due to slower or higher All
hail, including + Lower terminal profit due to lower etal. (2011), van
goods storages downtime of internal operation.
those induced In Rotterdam volume of goods served by the terminal Pomeren (2014)
[+ Damage or loss of goods storing
by storm World Gateway » Higher operational
; lequipment, goods storages and goods S .
terminal: < 200 m expenditure/insurance premium for
being stored in case of any goods FIN i
storing accident or extreme rainfall, 2
% requirements for the affected goods
snowfall and hail
storing equipment, goods storages and
goods being stored.
» Injury and death of port labors in case of
any severe goods storing accident.
|+ Migration of residents or workers whose
Slelo]
imain incomes are dependent on the
functionality of the terminal and quality of
the surrounding water.
'+ Slower or inoperational navigation,
OPE berthing, goods handling, ground
transportation and goods storing of the
terminal
|« Water pollution due to run-offs of debris
and goods into waterways.
+ Off-site and water pollutions due to
growth and
- Damage in the soil stabilty of the Ny [dredaing, especiall if the dredged
roads and railways due to increasing mrakecials are ot sltored and recycled
Subjectedto |50 moisture. properly.
e ul ,Ti;:at' 0 |, Reduction in the operationality of * Higher threat to species living within or (Connell et al.
o — dorrent by the |connection to hinterland transporters ot the Sesroinel Huo o improper (2015), DEFRA
e Connection to |35 (% 43S, g oy 1. |+ Lower volume of goods served by the dredaens and the wn offs (2012), Scott et
22 hail. includin OPE hinterland i slatiuns‘ Visibility level pef ) terminal due to slower or higher Al + Lower terminal profit due to lower . al. (2013),
s 9 connection > downtime of landside operation. volume of goods served by the terminal. Stenek et al.
those induced trucks and trains In Rotterdam - « High tional
by st World Gat |+ Damage or loss of trucks, trains, truck igher operationa (2011), van
——— termingl. < 200 i |S20NS, train stations and goods being EN |expenditurelinsurance premium for Pomeren (2014)
SULL M |iransported in case of any accident in dditional or repla
goods transfer to hinterland q for the affected
transporters. vehicles and stations, as
|well as goods being
* Injury and death of port labors in case of
any accident in transferring goods to
SOC |* Migration of residents or workers whose
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+ Inoperationality of radar and radio
if the internal i

* Slower or inoperational navigation,
berthing, goods handling, ground

functionality of the terminal and quality of
[the surrounding water.

network is disrupted OPE [transportation, goods storing and
« Reduction in the safety level of terminall connection to hinterland connection sub-
operations, in particular the navigation operations of the terminal
sub-operation.
High « Inoperationality of terminal operations if » Lower terminal profit due to lower
precipitation, Power supply, Rainfall power supply is disrupted, especially "A:l‘"::rog i",‘;ﬁz;e,wed by the terminal
g [snowfalland Al internal snowall, hail Still unknown | thoSe dependent an the supply. Al ex inmlu?e‘m:urance remium for Author
hail, including communication ra(e‘ |+ Damage to stored goods that require FIN e it por
those induced network cooling and heating z
by storm « Disruption in the whole terminal requirements for the affected power
operations due to the inoperationality of stations, internal communication network,
terminal operators who are in charge of goods and other terminal assets.
[managing the incoming and outgoing « Injury and death of port labors in case of
sea vess_el;, as well as the flow of 500 any severe accident induced by
goods within the terminal discontinuity of power supply and internal
communication network
+ Slower or inoperational berthing, goods
handling, ground transportation, goods
OPE |[storing and connection to hinterland
connection sub-operations of the terminal
in case of ground flooding.
+ Lower terminal profit due to lower
\volume of goods served by the terminal
High during ground flooding event.
precipitation, Dependent on the ° Radiend drainacie capusiy duc fo £ ;ii::ﬁ::gﬁ:\:n‘ce premium for
2 snowfall and Al Drainage Préci clogging in drainage system. = 2
ipitation | drainage capacity All additional maintenance requirements for Author
hail, including system |+ Higher risk of ground flooding
those induced of the terminal the affected drainage system.
by storm « Lower health quality and death of
terminal labors and residents living
nearby the terminal due to increase in the
lamount of disease/virus carrying
SOC |transmittances (e.g. dengue carrying
imosquitos), whose habilitabilities are
enhanced during ground flooding event.
« Migration of residents or workers due to
diseaselvirus breakout
« Slower or inoperational berthing, goods
handling, ground transportation, goods
OPE [storing and connection to hinteriand
connection of the terminal
* Higher requirement for support systems
(e.g. search and rescue supports)
|+ Water pollution due to run-offs of debris
'+ Reduction in the safety of marine and goods into waterways.
traffic |+ Off-site and water pollutions due to
|+ Reduction in the ship navigability as a unwanted vegetation growth and
result of rougher and wilder waves. Eny  |dredging, especially if the dredged Connell etal
+ Lower volume of goods served by the materials are not stored and recycled (2015), de Jong
" ) terminal due to slower marine traffic or properly. (personal
| ligh wave, Navlganqn and | Seavessels, higher terminal dowrtime: |+ Higher threat to species living within or communication,
5[ [ncluding that Connectionto) ( waterwaysand | oo i sy >15m - Damage or loss of sea vessels and Al around the terminal due to improper 2016), Rossal
induced by hinterland other navigation > % dredging and the run-offs and Theron
. goods being carried in the vessels in lging and the run-offs
storm connection assets asé of any affi accident or exverme « Lower terminal profit due to lower (2009), Scott et
e volume of goods served by the terminal. al. (2013),
- Damage or loss of navigation assets - Higher operational Stenek et ol
(e.g. sea locks, navigation lights and expenditure/insurance premium for (2011)
buoys) in case of any traffic accident or FIN and
extreme waves. for the affected sea
vessels, navigation assets and goods,
more frequent dredging, compensating
the loss of vegetation and species,
providing additional support systems.
» Migration of residents or workers whose
soc main incomes are dependent on the
functionality of the terminal and quality of
the surrounding water.
« Slower or inoperational navigation.
goods handling, ground transportation.
OPE |900ds storing and connection to
hinterland connection of the terminal.
| Higher requirement for support systems
(e.g. search and rescue supports)
|+ Water pollution due to run-offs of debris
and goods into waterways.
« Off_site and water poliutions due to
[+ Reduction in the berthability of the unwanted vegetation growth and
incoming vessels. ENV dredging, especially if the dredged
+ Lower volume of goods served by the materials are not stored and recycled
& terminal due to slower marine traffic or roper
Lo uae, Deingand Dependent on the higher terminal downtime. an A ——— Conneletel.
26 9ncludmg hat Coqnecuon fo | Sea vessels and Wave height existence of  |» Damage to berthing assets in case of particular d the te | due to i (2015),
induced by hinterland berthing assets Goods e (nampropen Rossouw and
: breakwater any berthing accident or extreme waves. . dredging and the run-offs.
storm connection Darna I p " d Handling B - Theron (2009)
ge or loss of sea vessels an Lower terminal profit due to lower
goods being carried in the vessels in volume of goods served by the terminal
case of any berthing accident or [+ Higher operational
lextreme waves. expenditure/insurance premium for
FIN { and
requirements for the affected berthing
assets, sea vessels and goods, more
frequent dredging, compensating the loss
of vegetation and species and providing
i support systems.
|+ Migration of residents or workers whose
soc imain incomes are dependent on the
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» Slower or inoperational berthing, goods
handling, ground transportation, goods
OPE |Storing and connection to hinterland
it connection of the terminal
* Higher requirement for support systems
(e.g. search and rescue supports).
|« Water pollution due to run-offs of debris
+ Reduction in the safety of marine and goods into waterways.
traffic + Off-site and water pollutions due to
|+ Reduction in the ship navigability as a unwanted vegetation growth and Connell et al
result of rougher and wilder winds. ENV dredging, especially if the dredged (2015), de Jong
>175mls. |+ Lower volume of goods served by the materials are not stored and recycled (perso}\al
5 5 .~ |terminal due to slower marine traffic or properly. 3
Highwind, Navigatioard | Seavessels, according to higher terminal downtime. [ Higher threat to species living within or comecation,
27 including that OPE Connectionto | waterways and Wave height Gaythwaite (2004), .D I P — Al g 4t b ving 2016), Rossouw
induced by hintertand | other navigation | VVae heid but subjected to amage or loss of sea vessels an around the terminal due to improper and Theron
storm connection assets the specifications S0s Belng cavind ¥ the vestels in dredging and the run-offs (2009), Scott et
of the vessels  |©35¢ of any traffic accident or extreme + Lower terminal profit due to lower al. (2013)
\winds. volume of goods served by the terminal Stenek elyal
» Damage or loss of navigation assets * Higher operational (2011)
(e.g. sea locks, navigation lights and expenditure/insurance premium for
buoys) in case of any traffic accident or FIN i and
extreme winds. requirements for the affected sea
vessels, navigation assets and goods,
more frequent dredging, compensating
the loss of vegetation and species,
providing additional support systems.
[+ Migration of residents or workers whose
S0C main incomes are dependent on the
functionality of the terminal and quality of
the surrounding water.
'+ Slower or inoperational navigation,
goods handling, ground transportation,
OPE goods storing and connection to
hinterland connection of the terminal
» Higher requirement for support systems
(e.g. search and rescue supports).
+ Water pollution due to run-offs of debris
and goods into waterways.
[+ Off-site and water pollutions due to
[+ Reduction in the berthability of the unwanted vegetation growth and
incoming vessels. ENV dredging, especially if the dredged
>11.5m/s, * Lower volume of goods served by the materials are not stored and recycled
i accordingto  |terminal due to slower marine traffic or i properly.
nglh wnd, Berlhlng and Gaythwaite (2004), |higher terminal downtime. o '"I * Higher threat to species living within or Cor:nell etal
28 ::g:cd:;gbﬂ’!at OPE C%’:&Z‘;g{;m Sb:?tx;ss:]sss:: Wind speed | but subjectedto |* Damage to berthing assets in case of paé:ﬁ;:r around the terminal due to improper (ngs:;llw and
Y 9 the specifications |any berthing accident or extreme winds dredging and the run-offs.
storm connection of the vessels and [+ Damage or loss of sea vessels and S + Lower terminal profit due to lower I —
berthing facilities [goods being carried in the vessels in volume of goods served by the terminal
case of any berthing accident or * Higher operational
extreme winds. expenditure/insurance premium for
EIN i and
requirements for the affected berthing
assets, sea vessels and goods, more
frequent dredging, compensating the loss
of vegetation and species and providing
support systems.
|+ Migration of residents or workers whose
SOC imain incomes are dependent on the
functionality of the terminal and quality of
the surrounding water.
« Slowerfinoperational navigation
SHiE berthing, ground transportation, goods
(noperativeness) OPE [storing and connection to hinterland
connection sub-operations of the
terminal
+ Reduction in the operationalty of quay » Lower terminal profit due to lower
i volume of goods served by the terminal. Connell et al
igh wind, >245mis  |»Lower volume of goods served by the e;*‘g:z:“u’f:::;‘:;fn‘ce — (2015),
incluidin t’nat (Damage to quay |port due to slower internal 5 dZmonal irointenance recuirements G Gaythwaite
29 [t edgb OPE | Goods handling | Quay cranes | Wind speed | cranes if they are |operation/higher terminal downtime. Al FIN the affected lua eranes :: 3 anode (2004), Scott et
e notlashed  |» Damagefloss of quay cranes and fhe ) o goods. al. (2013),
properly) goods being handled in case of any b ope‘ra b Stenek et al
goods handling accident or extreme expenditurefinsurance premium for (2011)
s replacements of the damaged quay
cranes and goods.
e « Injury and death of port labors in case of
- "“?V granes SOC [any severe winds or goods handling
even if they are accident
lashed properly)
' Slower or inoperational navigation,
berthing, goods handling, goods storing
> 24‘3 ms Damage to internal roads, especially if RN o conmection to interiand connection
G a;tivf:;ilr?;go 4 the road is unpaved. of the terminal.
+ Reduction in the operationality of |+ Lower terminal profit due to lower
samsmen [T e ke oot syt | oot
30 indiiced b OPE transportati and ground Wind speed | Rotterdam World Sl d0E 1o S high Al gl d A . (2004), van
y portation s Galeway terminal |{Srinal due to slower o higher FIN.  |expenditure/insurance premium for Pomeren (2014)
storm downtime of internal operation. or
. but subjected to » Damage or loss of gjound v_eh\cles requirements for lbe affected internal
the specification of and goods being Uan>por\ed in case of roads, ground vehicles and goods.
the vehicles |2 ground transportation accident. « Injury and death of port labors in case of
SOC |any severe ground transportation
accident.
« Slower or inoperational navigation.
>115ms | Reduction in the operationalty of ope |berthing, goods handing, ground
accordingto |9909S storing equipment transportation and connection to
Gaythwaite (2004) |" Inoperativeness of goods storages, hinterland connection of the terminal
efpec'a"y ‘"“’se ?‘905:“’ to W";":- i « Lower terminal profit due to lower
3 . « Lower volume of goods served by the i
mﬂ:x\gd{ha( Goods storing Ru;ezria"n‘isv:/r:) rig [terminal due to reduction in the terminal Y?::;T:,z’s;gﬁ::;wed ¥ the terminal Gaythwaite
3 o duced by OPE | Goods storing | equipmentand | Wind speed Gateway terminal storing capacity, as well as slower or Al N |[expenditurefinsurance premium for (2004), van
Stoem goods storages higher downtime of internal operation. " or Pomeren (2014)
., but subjected to | Damage or loss of goods storing requirements for the affected goods
the specification of zqmpmen( goods storages and goods <toring equipment Goads Storages and
the goods storing €ing. Sk"e,d i case of 2y Goods oods being stored.
- storing accident (e.g. collapse of stack =
equipment e 7 | Injury and death of port labors in case of
formation). SOC ¢ .
any severe goods storing accident.
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[+ Damage to the supporting structures
for roads and railways, such as highway

+ Slower or inoperational navigation
berthing, goods handling, ground

>115mis bridge decks. @iz transportation and goods storing of the
accordingto  |* Reduction in the operationality of terminal
Gaythwaite (2004) |connection to hinterland transporters as |+ Lower terminal profit due to lower
high sided vehicles become increasingly volume of goods served by the terminal
High wind, Roads, railways, >22m/sin  |unstable during high winds and debris « Higher operational
Connection to g P .
2 including that OPE hinterland truck stations, Wind s, Rotterdam World |can be left on roads during such events. Al expenditure/insurance premium for Author; van
induced by nnection train stations, Gateway terminal |+ Lower volume of goods served by the FIN orr Pomeren (2014)
storm CONNECUON ks and trains terminal due to slower or higher requirements for the affected hinterland
, but subjected to |downtime of landside operation transportation vehicles and stations, as
the specification of [+ Damage or loss of trucks, trains, truck well as goods being transported '
the goods storing [stations, train stations and goods being
equipment transported in case of any accident in + Injury and death of port labors in case of
goods transfer to hinterland SOC |any accident in transferring goods to
transporters. hinterland transporters.
|+ Inoperationality of radar and radio [+ Slower or inoperational navigation,
lequipment if the internal communication berthing, goods handling, ground
network is disrupted OPE [transportation, goods storing and
|+ Reduction in the safety level of terminal connection to hinterland connection sub-
operations, in particular the navigation operations of the terminal
sub-operation. » Lower terminal profit due to lower
Power supply, g moperanonal‘\w 91 terminal ope@hons if volume of gn.ods served by the terminal
High wind, temal power supply is disrupted, especially » Higher operational
including that communication those dependent on the supply. expenditure/insurance premium for
33 induce dgb OPE Al networicand Wind speed Still unknown [+ Damage to stored goods that require Al FIN or r Author
Y 2 cooling and heating. requirements for the affected power
storm marine traffic ,
Senice fower [+ Disruption in the whole terminal stations, internal communication network,
operations due to the inoperationality of imarine traffic service towers, goods and
terminal operators who are in charge of other terminal assets.
managing the incoming and outgoing « Injury and death of port labors in case of
sea vessels, as well as the flow of
P 3 any severe accident induced by
goods within the terminal soc >
discontinuity of power supply and internal
|+ Damage to marine traffic service S
network
towers
[+ Slower/inoperational navigation
berthing, ground transportation, goods
OPE [storing and connection to hinterland
connection sub-operations of the
terminal
|+ Reduction in the operationality of quay
croiies + Lower terminal profit due to lower
. Lower volume of goods served by the I e
" " port due to slower internal - .
34 |Lightning OPE  |Goods handing| Quaycranes | 9™ | i ynknown  |operationhigher terminal downtime. Al pendiure/nsumnce pramium for e e
strength additional maintenance requirements for (2013)
« Damage/loss of quay cranes and FIN the affected i Good
goods being handled in case of any il i e
goods handling accident or extreme ENghes e
winds. expenditure/insurance premium for
replacements of the damaged quay
cranes and goods.
» Injury and death of port labors in case of
SOC  |any severe lightning or goods handling
accident.
[ Slower or inoperational navigation,
berthing, goods handling, goods storing
OPE
and connection to hinterland connection
+ Reduction in the operationality of of the terminal.
ground vehicles. + Lower terminal profit due to lower
+ Lower volume of goods served by the volume of goods served by the terminal
Ground Lightning terminal due to slower or higher |+ Higher operational Chhetri et al
35 |Lightning OPE " Ground vehicles Still unknown " . b All gl P
transportation strength downtime of internal operation. FIN  |expenditure/insurance premium for (2013)
+ Damage or loss of ground vehicles or
and goods being transported in case of requirements for the affected ground
any ground transportation accident. vehicles and goods
+ Injury and death of port labors in case of
SOC |any severe lightning and ground
transportation accident.
+ Reduction in the operationalty of « Slower or inoperational navigation,
goods storing equipment, especially ope |Perthing, goods handiing, ground
those that possess electrical systems. transportation and connection to
|+ Inoperativeness of goods storages, hinterland connection of the terminal
especially those exposed to the direct + Lower terminal profit due fo lower
impacts of lightning. volume of goods served by the terminal.
Goods SIoing | i te%::\vne;\vdonl:r?oes%a«(zisr hner P Chhetri et al
36 |Lightning OPE | Goods storing | equipment and 'ghining Still unknown . g All FIN |expenditurefinsurance premium for :
goods storages strength downtime of internal operation. or (2013)
|« Damage or loss of goods storing requirements for the affected goods
lequipment, goods storages and goods storing equipment, goods storages and
being stored in case of any goods goods being stored.
storing accident. "
« Fire in goods storages could be * Injury and death of port labors in C§se of
induced by burned commodities that are Soc anyvsevere lightning and goods storing
not resistant to electricity. ekl
« Slower or inoperational navigation,
ope |Perthing, goods handiing, ground
[+ Reduction in the operationality of transportation and goods storing of the
hinterland transportation modes that are terminal
dependent on elecinical system (e.g + Lower terminal profit due to lower
electric trains).
volume of goods served by the terminal
5 Roads, railways, + Lower volume of goods served by the
Connecton o | 'y ck stations, | Lightnin {erminal due to slower or higher Highey ppecstignal
37 |Lightning OPE hinterland e o gy Still unknown : ! d! Al expenditure/insurance premium for |Author
connection train stations, strength of landside operation. FIN . =
trucks and trains |« Damage or loss of trucks, trains, truck 5
i, requirements for the affected hinterland
stations, train stations and goods being & & >
3 : x transportation vehicles and stations, as
transported in case of any accident in b b —
goods transfer to hinterland El 9 L =
transporters. '+ Injury and death of port labors in case of
SOC  |any accident in transferring goods to
hinterland transporters.
. Inoperationalty of radar and radio » Slower or inoperational navigation,
! - berthing, goods handling, ground
lequipment if the internal communication
.v OPE |[transportation, goods storing and
Inetwork is disrupted.
connection to hinterland connection sub-
|+ Reduction in the safety level of terminall
. o operations of the terminal.
operations, in particular the navigation
sub-operation. L 1 profit d |
- Inoperationaltty of terminal operations if e
Power supply, ipower supply is disrupted, especially .w:{“"gr::roopg;gn:njw Y the terminal
. internal Lightning ’ those dependent on the supply.
ni - il unkne . [
38 |Lightning OPE All communication strength Still unknown |/ Damage to stored goods that require All EIN expe_ndmure insurance premium for Author
network cooling and heating. for th ”or ed
- Disruption in the whole terminal o e B work
operations due to the inoperationality of o o network,
terminal operators who are in charge of goods and other terminal assets.
managing the incoming and outgoing -
sea vessels, as well as the flow of Injury and dea!: o!(po;t la:g‘;’ in case of
goods within the terminal. soc  [any severe accident induced by

discontinuity of power supply and internal
communication network
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e n for terminals situated in high-
latitude zone.
t ) and
o ue to opening
up of new transportation routes in high-
latitude zone.
ANumber of
High air/sea 5 juction in m: osts of Stenek et al
39 temperature FIN Al Waterways [days of ice-free| > 0 day/year of terminals situated in high- None None None (2011)
Waterways latitude zone, due to the reduction in
volume of ices that should be removed
from the waterways.
+ Threats to terminals situated in mid-
and low-latitude zones as the
among terminals will be
elevated.
+ Reduction in the length of shipping
season for terminals situated in high-
latitude zone.
+ Longer shipping distance and more
fuel consumption for shipping due to
lopening up of new transportation routes
in high-latitude zone.
Low air/sea Ahumberiof . In:?ease in mzmtenance costs of Stenek et al
40 FIN Al Waterways |days of ice-free| < 0 day/year . None None None
temperature waterways waterways of terminals situated in high- (2011)
latitude zone, due to the reduction in
volume of ices that should be removed
from the waterways.
[+ Opportur to terminals situated in
mid- and low-latitude zones as the
competition among terminals will be
elevated.
+ Slower or inoperational berthing, goods
handling, ground transportation, goods
opg [storing and connection to hinterland
connection of the terminal
« Higher requirement for support systems
(e.g. search and rescue supports)
« Water pollution due to run-offs of debris
and goods into waterways.
« Off-site and water pollutions due to
unwanted vegetation growth and
ENV dredging, especially if the dredged
materials are not stored and recycled
properly.
+ Lower volume of goods served by the .« Higher threat to species living within or (‘;‘(’)T;"gv:'na" i
" Navigationand | Seavessels, |Air temperature| > 42°C [< 0°C] terminal dug to slower marine traffic or around the terminal due to improper (1989), Ports
ligh [low] c # higher terminal downtime. dredging and the run-offs. d Shi
41 |air/sea OPE onecion I/ | Walsrvays an » Damage to navigation assets (e.g. sea Al « Lower terminal profit due to lower e,
hinterland other navigation | Sea surface Still unknown = " Maritime News
temperature locks, navigation lights and buoys) and volume of goods served by the terminal.
Lonnechon assels temperafure <7°C] sea vessels due to reduction in their « Higher operational (2007), Stenck
——— s etal (2011),
structural integrities. expenditure/insurance p;:zvmm for USEPA (2008)
sl requirements for the affected sea
vessels, navigation assets, more frequent
dredging, compensating the loss of
vegetation and species, providing
i support systems
+ Migration of residents or workers whose
main incomes are dependent on the
functionality of the terminal and quality of
SOC |the surrounding water.
« Reduction in health or death of terminal
labours due to heat [cold] waves and
dehydration [excessive cold].
« Slower or inoperational navigation
goods handling, ground transportation,
goods storing and connection to
e hinterland connection of the terminal
« Higher requirement for support systems
(e.g. search and rescue supports).
« Water pollution due to run-offs of debris
and goods into waterways.
« Off-site and water pollutions due to
unwanted vegetation growth and
ENV dredging, especially if the dredged
materials are not stored and recycled
properly.
« Lower volume of goods served by the » Higher threat to species living within or
igh low] Benhlng and |Air temperature| > 42°C [< 0°C] [terminal due to slower marine traffic or around the terminal due to improper Connell et al.
42 |airisea OPE Connectionto |Sea vessels and higher terminal downtime. Al dredging and the run-offs. (2015), Overland|
temperature hinterland berthing assets | Sea surface Still unknown [+ Damage to berthing assets and sea + Lower terminal profit due to lower » (1989), Stenek
connection temperature [£7°C] vessels due to reduction in their volume of goods served by the terminal. etal (2011)
structural integrities. '« Higher operational
expenditure/insurance premium for
FIN 4 : -
requirements for the affected berthing
assets, sea vessels, more frequent
dredging, compensating the loss of
vegetation and species and providing
i support systems.
« Migration of residents or workers whose
main incomes are dependent on the
functionality of the terminal and quality of
SOC  [the surrounding water.
« Reduction in health or death of terminal
labours due to heat [cold] waves and
dehydration [excessive cold].
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+ Slower/inoperational navigation
berthing, ground transportation, goods
OPE |storing and connection to hinterland
connection sub-operations of the
terminal
« Lower terminal profit due to lower
volume of goods served by the terminal.
- Damage to quay cranes due to - ihcroperitond
High low] PO o Lcociialil Lo expenditurefinsurance premium for Connell et al
43 |air/sea OPE |Goods handling | Quay cranes |Air temperature > (St ERCIE S AN sk CTOSIOn: v v Al EIN additional maintenance requirements for (2015), Stenek
temperature unknown] ficing o freezing] rate. the affected quay cranes. etal. (2011)
 Lower volume of goods served by the  Highsr opatatiasal
port due to inaperative cranes. expenditure/insurance premium for
replacements of the damaged quay
cranes.
* Reduction in health or death of terminal
SOC |labours due to heat [cold] waves and
dehydration [excessive cold]
« Slower or inoperational navigation
OPE berthing, goods handling, goods storing
land connection to hinterland connection
of the terminal.
« Damage to internal roads and ground » Lower terminal profit due to lower
vehicles due to buckling, reduction in volume of goods served by the terminal.
High [low] & Internal roads o their structural integrities and increasing » Higher operational Connell et al.
: round . > 42°C [still Juean 5
air/sea OPE | naportaion | @19 ground (A temperature| -~ B8R carrosion eing o freezing]rate v v Al FIN |expenditure/insurance premium for (2015), Stenek
vehicles + Lower volume of goods served by the i i or etal (2011)
port due to inoperative internal roads requirements for the affected internal
and ground vehicles. roads and ground vehicles
+ Reduction in health or death of terminal
SOC [labours due to heat [cold] waves and
dehydration [excessive cold].
* Slower or inoperational navigation,
berthing, goods handling, ground
OPE
transportation and connection to
hinterland connection of the terminal
- Damage to goods storing equipment
and goods storages due to buckling, « Lower air quality due to fire and dust
reduction in their structural integrities ENV explosion. _
and increasing corrosion [icing or + Higher carbon emission due to higher
freezing] rate. cooling [heating] energy demand.
+ Lower volume of goods served by the + Lower terminal profit due to lower
High flow] Goods storing aar ‘;fg"sl:s: :;:slo inoperative equipment volume of goods served by the terminal. Connell et al
45 |air/sea OPE | Goods storing | equipment and termperatice | * 0°C[<0°C] | Higher wr‘gv SBimand o Loomg v v Al * Higher operational (2015), Stenek
temperature goods storages 6 FIN e)(p?ndl(ure insurance premium for etal. (2011)
[heating] purpose. or
+ Damage to the stored goods if they are requirements for the affected goods
not adequately cooled [heated]. storing equipment, goods storages and
+ Fire in goods storages and dust goods being stored.
explosion as a result of burned
commodities that are not resistant to « Injury and death of port labors in case of
high temperatures any severe fire and dust explosion.
SOC [+ Reduction in health or death of terminal
labours due to heat [cold] waves and
dehydration [excessive cold]
+ Slower or inoperational navigation,
berthing, goods handling, ground
OPE it
« Damage to hinterland transportation transportation and goods storing of the
modes, railways and roads due to wear, terminal
ltear, buckling, reduction in their + Lower terminal profit due to lower
— structural integrities and increasing volume of goods served by the terminal [ —
High [low] Connection to Iruck'stahuns d > 425 [stil corrosion [icing or freezing] rate. » Higher operational (2015), Dft
air/sea OPE hinterland ) > | Air temperature [« Reduction in the allowable speed of v v All FIN'"|expenditurefinsurance premium for 2004) Stenek
connection "S;l: ?']a;'(::;sir"s unknown] trains and trucks, leading to delay or or repla i' al ()20 173‘8
slower goods transportation for the affected
« Lower volume of goods served by the transportation vehicles and stations.
terminal due to slower hinterland traffic
or higher terminal downtime. ' Reduction in health or death of terminal
SOC  |labours due to heat [cold] waves and
dehydration [excessive cold]
« Slower or inoperational navigation
berthing, goods handling, ground
OPE [transportation, goods storing and
: !noperauuﬂahty ,Qf S rad'? . connection to mgnterland congnecllon sub-
equipment if the internal communication operations of the terminal
network is disrupted.
« Reduction in the safety level of terminal '+ Lower terminal profit due to lower
operations, in particular the navigation volume of goods served by the terminal.
sub-operation. » Higher operational
. Power supply % ’HOPEfa"Oﬂa‘_ﬂv 0_' terminal operations if FIN expendﬂureurysurance premium for
High [low] and internal power supply is disrupted, especially or
47 |air/sea OPE All EomtunEanen Air temperature|  Still unknown  [those dependent on the supply. v v Al requirements for the affected power ‘Author
temperature Vetuork [+ Damage to stored goods that require stations, internal communication network,
cooling and heating. goods and other terminal assets.
« Disruption in the whole terminal
operations due to the inoperationality of « Injury and death of port labors in case of
terminal operators who are in charge of any severe accident induced by
managing the incoming and outgoing discontinuity of power supply and internal
sea vessels, as well as the flow of SOC  |communication network.
goods within the terminal « Reduction in health or death of terminal
labours due to heat [cold] waves and
dehydration [excessive cold].
OPE
arine
Navigation and hip navigability as a ENV  |of the terminal as the amount of
;’-\e\;eerlz;gseesea OPE C:?;z;g:z fo Waterways | AWater level >0cm result of greater water depth or draft v All pollutants from dredging is reduced ‘Sz'g?ff stal
connection clearance. . . orofit due to lower
Higher Vel of good dbyithe port downtime and higher volume of
terminal dge to faste( marine traffic or goods served by the terminal.
lower terminal downtime,. FIN
e efinsuranc e n for
dredging as the dredging requirement is
reduced.
Navigation and « Lower bridge clearance, leading to
|Average sea Connection to smaller size of sea vessels + Lower terminal profit due to lower Stenek et al
49 jevel rise OFE hinterland Witerways: | AWaterlevel <0cm and hence lower v L FINES olume of goods served by the terminal (2011)
connection volume of goods served by the port.
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+ Slower/inoperational navigation
berthing, ground transportation, goods

lamount of disease/virus carrying
transmittances (e.g. dengue carrying
mosquitos), whose habilitabilities are
enhanced in drought season.

|+ Migration of residents or workers due to
disease/virus breakout.

OPE [storing and connection to hinterland
connection sub-operations of the
terminal
« Lower terminal profit due to lower
volume of goods served by the terminal
« Higher operational
« Disruption in the operationality of quay FIN expenditure/insurance premium for
Seawater/ cranes. i i
Ground/River « Lower volume of goods served by the requirements for the affected quay Connell et al
50 floudn?g, OPE | Goods handiing| Quay cranes Water level > Topography level|port due tg inoperational quay cranes. Al cranes and goods. (2015), Stenek
!ncludlng that of quays « Damage/loss of quay cranes and < Injury and death of port labors in case of et al (2011)
induced by go0ds being handled in case of any any severe flooding or goods handiing
storm goods handling accident or extreme accident.
flooding + Lower health quality and death of
terminal labors and residents living
soc |reaby the terminal due to increase in the
amount of disease/virus carrying
transmittances (e.g. dengue carrying
imosquitos), whose habilitabilities are
enhanced in drought season.
« Migration of residents or workers due to
disease/virus breakout
+ Slower or inoperational navigation
berthing, goods handling, goods storing
CEE and connection to hinterland connection
of the terminal
« Water pollution due to run-offs of debris
and goods into waterways.
« Off-site and water poliutions due to
unwanted vegetation growth and
ENV dredging, especially if the dredged
« Damage to internal roads due to mieteriaks are riot stored ard recycled
erosion or increased soil moisture of the properly
road, especially f the road is unpaved - Higher threat to species living within or
'« Reduction in the operationality of aroun_d the terminal due to improper
Seawater/ ground vehicles or disoperation of d["’%?(::‘;::!—m“e e
Ground/River ground transportation if the internal ki ! .
flooding, Ground Inteshal roads > Topography level|roads are ﬂosded volume of goods served by the terminal Sonnelictal
51 OPE . and ground Water level 4 : Al « Higher operational (2015), Stenek
including that transportation vehicles of internal roads |+ Lower volume of goods served by the BN s = et al. (2011)
induced by terminal due to slower or higher xpenditurefinsurance premium for .
storm downtime of internal operation. . or
- Damage or loss of ground vehicles requirements for the affected ground
and goods being transported in case of vehicles and goods.
any ground transportation accident or * Injury and death of port labors in case of
extreme flooding any severe flooding or ground
transportation accident.
« Lower health quality and death of
terminal labors and residents living
soc nearby the terminal due to increase in the
amount of diseaselvirus carrying
i (e.g. dengue carrying
mosquitos), whose habilitabilities are
enhanced in drought season.
- Migration of residents or workers due to
disease/virus breakout
» Slower or inoperational navigation,
oPE |Perthing, goods handiing, ground
transportation and connection to
hinterland connection of the terminal
|+ Water pollution due to run-offs of debris
and goods into waterways.
« Off-site and water pollutions due to
unwanted vegetation growth and
ENV dredging, especially if the dredged
materials are not stored and recycled
properly.
« Reduction in the operationality of » Higher threat to species living within or
goods storing equipment, especially around the terminal due to improper
those that possess electrical systems. dredging and the run-offs.
Seawater/ « Inoperativeness of goods storages, « Lower terminal profit due to lower
Ground/River Goods storing especially those vulnerable to flooding. volume of goods served by the terminal Connell et al.
52 floodnr,g, OPE Goods storing | equipmentand | Water level > Topography level :Luwer volume of goods s_erved by the Al » Higher operational (2015), Stenek
including that oots Sioraties of goods storages |terminal due to slower or higher FIN expenditure/insurance premium for et al. (2011)
induced by 9 g [downtime of internal operation. or
storm « Damage or loss of goods storing requirements for the affected goods
equipment, goods storages and goods storing equipment, goods storages and
being stored in case of any goods |goods being stored.
storing accident or extreme flooding « Injury and death of port labors in case of
any severe flooding or goods storing
accident.
« Lower health quality and death of
terminal labors and residents living
soc nearby the terminal due to increase in the
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+ Slower or inoperational navigation,
opE |Perthing, goods handing, ground
transportation and goods storing of the
terminal
+ Water pollution due to run-offs of debris
and goods into waterways.
+ Off-site and water pollutions due to
unwanted vegetation growth and
ENV dredging, especially if the dredged
materials are not stored and recycled
- Damage to soil stability of the roads properly.
and railways due to increasing soil » Higher threat to species living within or
moisture. around the terminal due to improper
+ Reduction in the operationality of dredging and the run-offs
Seawater/ hinterland transportation modes that are + Lower terminal profit due to lower .
Ground/River Roads, railways, dependem‘nn elecical system(cg. valume of goods served by the terminal. (Connell et al.
flooding, Connection to truckl akions ' > Topography level|electric trains).  Higher cpe’ranonal (2015), Stenek
53 mcludmé that OPE hinterland train stations' Water level | of truck and train |+ Lower \:’uiume T goods }s]ery\‘/ed by the Al - exp_eﬁd"ufe‘"]sufaﬂce P;mlum for etal (ém 1)
" connection ' stations terminal due to slower or higher Y 4
;r;g:s\ed by trucks and trains (doitirre o tandside opsration. s for the affected hir USGCRP (2009)|
| Damage or loss of trucks, trains, truck transportation vehicles and stations, as
stations, train stations and goods being well as goods being transferred to
transported in case of any accident in i
goods transfer to hinterland « Injury and death of port labors in case of
transporters. any severe flooding or accident in
transferring the goods to hinterland
transporters.
« Lower health quality and death of
terminal labors and residents living
SOC |nearby the terminal due to increase in the
lamount of disease/virus carrying
i (e.g. dengue carrying
mosquitos), whose habilitabilities are
enhanced in drought season
- Migration of residents or workers due to
diseasel/virus breakout.
» Slower or inoperational navigation,
berthing, goods handling, ground
OPE |[transportation, goods storing and
connection to hinterland connection sub-
Inoperationality of radar and radio SPeTHoONS OF 01 Sl
equipment if the internal communication peoMSTRCH i dNco lowet: "
network is disrupted. volume of goods served by the terminal.
+ Reduction in the safety level of terminal ¢ Higher operationai
operations, in particular the navigation EIN expgf)dl(ure phaig p::mxum oy
sub-operation. E
Seawater/ Power supply, > Topography levell, |\ e tionality of terminal operations if requicements for the affected power
Ground/River internal of power station, |\, supply is disrupted, especiall Staoes, flema communcation newcrk,
, ly
flooding, commiunicaion |nterqa| ] those dependent on the supply. marine trafﬁc service towers, goods and Connell et al.
54 o OPE Al Water level | communication . Al other terminal assets. (2015), Stenek
including that network and « Damage to stored goods that require
induced by Bl i) network and cooling and heating. « Injury and death of port labors in case of etal. (2011)
storm service tower matipetiaic |2 Disruption in the whole terminal any severe flooding or accident in
seavicetower operations due to the inoperationality of transferring the goods to hinteriand
terminal operators who are in charge of transporters.
managing the incoming and outgoing | Lower health quality and death of
sea vessels, as well as the flow of terminal labors and residents living
goods withi the teriinal SOC  [nearby the terminal due to increase in the
amount of disease/virus carrying
transmittances (e.g. dengue carrying
mosquitos), whose habilitabilities are
enhanced in drought season.
« Migration of residents or workers due to
disease/virus breakout
* Lower terminal profit due to lower
High salinity of |+ Lower volume of goods served by the volume of goods served by the terminal
s;gawj:e‘:my “ ) port due to slower traffic. » Higher operational
high air < Navngatlon, pH of ApH <0, Arelative « Damage to sea vessgls in a long-term FIN expenditure/insurance premium for
humidity, high Berthing and Sea vessels, seawater, humi(iity >0 due to reduction in their structural or ek etal
55 co2 X OPE Connection to | navigation and Relative ACO2 " |integrities and increasing corrosion rate. Al requirements for the affected terminal 2011) :
concentration hlmeﬂapd berthing assets | humidity, 092 conGentaton >0 | Damage to navigation ?ndvbenh‘mg assets.
ivairand connection concentration assets in case 9{ neductlpn in thglr o vagr.a[mn of residents or workers whose
seawater s1mclqral integrities and increasing soc |main incomes are depepdent on the_
corrosion rate. functionality of the terminal and quality of
the surrounding water.

*OPE = Operational; FIN = Financial; ENV = Environmental; SOC = Social

M Medium risk.

air and water qualities
Social: Positive impact on port labors and society

[agnitude Impact
A INo riskiopportunity or the
riskiopportunity type is irelevant
Operational Lower annual terminal downime
Financial: Increase in net annual operational cash flow
opp (Opportunity inthe habitabilty of birds, species, as well as increase in

Operational: < 1% increase in annual terminal downtime

Financial: < 1% reduction in net annual operational cash flow
Environmental: Minor and reversible impacts on vegetations, birds, species, air and water qualities
Social: Minor and tolerable impact on port Iabors and society

Operational: 1% - 10% increase in annual terminal downtime

Financial: 1% - 5% reduction in net annual operational cash flow
Environmental: Medium and imeversible, buttemporary impacts on vegetations, birds, species, air
and water qualities
Social: Medium, temporary and tolerable impact on port labors and society

(Operational: > 10% increase in annual terminal downtime

Financial: > 5% reduction in net annual operational cash flow

Major,

water qualities

d long-term impacts ol

Social: Major, long term and intolerable impact on port labors and society

birds, species, air and
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Appendix D - Additional Information for TMMeB Case
Study

In this appendix, additional information regardithg financial analysis in TMMeB is presented. klides (1) the
approximation of the financial impact of causewknpdling onannual revenue of TMMeB operatiofiem 2016 to
2032, (2) a normal probability plot of the normalizhistorical data of hourly sea levels in TMMeBl &) the
estimation of the range of possible future sealsemveTMMeB from 2016 to 2032.

D.1 Financial Impacts of Causeway Flooding in TMNMB

Stenek et al. (2011, p. 37) have projected @¢heual revenues of TMMeBBom different commodities, which are
container, bulk cargo, grain and coke. The prapecindicates that thennual revenue of TMMefBom its containers-
related operations in 2015 is USD 24,925,780 aiglékpected to grow with an annual growth rat8%f from 2015

to 2037. Based on these two information, #mual revenue of TMMeBom 2016 to 2032 (i.e. the selected
assessment time frame) from handling and storimgagmers can be estimated. Moreover, as describ&thapter 6.1,

by assuming that (1) the terminal is operated fbh@urs every day and (2) the flow of containersugh TMMeB is
uniform throughout a day, the loss afinual revenue of TMMeBer hour in any year within the assessment time
framebecause of causeway flooding can be approximasesh@wn in Table D-1.

Table D-1: Approximation of the cost of causewagding for TMMeB case study

Year Expected annual revenue of TMMeB from Estimated loss of annual revenue of TMMeB from coratiners-

containers-related operations (2010 USD) related operations because of causeway flooding (DUSD)

2015 24,925,780 -

2016 24,925,780 * 1.03 = 25,673,550 25,673,550365/2,931/hour
2017 25,673,550 * 1.03 = 26,443,760 26,443,7608365/3,019/hour
2018 26,443,760 * 1.03 = 27,237,070 27,237,070365/3,109/hour
2019 28,054,185 3,203/hour

2020 28,895,810 3,299/hour

2021 29,762,685 3,398/hour

2022 30,655,565 3,499/hour

2023 31,575,230 3,604/hour

2024 32,522,490 3,713/hour

2025 33,498,165 3,824/hour

2026 34,503,105 3,939/hour

2027 35,538,200 4,057/hour

2028 36,604,345 4,179/hour

2029 37,702,475 4,304/hour

2030 38,833,550 4,433/hour

2031 39,998,560 4,566/hour

2032 41,198,515 4,703/hour

D.2 Normal Probability Plot of Historical Sea Leels in TMMeB

A visual inspection on the normal probability plait the normalized historical sea level data in TMBVior the
periods of 1951 — 2002 and 2006 — 2014 is presentEdjure D-1. It shows that the data fits normligkribution well
as the observed cumulative probability is abouthensame line as the expected cumulative probabilishould be
noted that all non-parametric tests that are confynosed for checking the normality of a distributjosuch as
Kolmogorov-Smirnov test, could lead to misleadingcome as the sample size in the dataset is a emyatge,
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which is 457,047. Therefore, visual inspection best for assessing the normality of the normalized levels in
TMMeB.
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Figure D-1: Normal probability plot of the normadid sea levels in TMMeB from 1951 to 2014

D.3 Projecting Future Sea Level in TMMeB

The sea level projections of the IntergovernmeRtalel on Climate Change (IPCC) presented in Chetreth (2014,
p. 1181) were employed to estimate the potentizgeezof sea levels in TMMeB between 2016 and 203®idDsly,
such exercise was performed based on an assuntpéibthe average sea level trend in TMMeB resenthiedrend
of the global mean sea level well. From Figure Dt2&ppears that the minimum sea level rise scenarihe lower
bound of the presented RCP 2.6 scenarios, in whetaverage sea level in 2100 is expected to be 28gher than
the average level in 2000. The chart also suggfeatshe trend for the minimum-bound scenariorisdirly increasing.
Moreover, based on Figure D-2, the maximum sed lese scenario refers to the upper bound of tlesgmted RCP
8.5 scenarios, in which the average sea level @024 expected to be 100cm higher than the avdesgéd in 2000.
Further, the chart shows that the trend for theimarn-bound scenario is exponentially rising.
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Figure D-2: Projections of global average annuaadevel from 2000 to 2100 by IPCC. Source: Churichl (2014,
p. 1181)
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Based on the identified values and trends, themrmim and maximum average annual sea levels in TMietBe
future could be estimated, as shown in Table D& Baible D-3, respectively. Firstly, the lowest pblesaverage sea
level rise scenario for TMMeB was projected by tirgathe trend as a linearly increasing one. Frbendatabase of
University of Hawaii Sea Level Center (2016), tverage sea level in TMMeB in 2015 was expectedet®2mm.
By projecting the level to 2032 linearly, the lowmyund of average sea level in TMMeB in 2032 caedignated.

Table D-2: Projection of the lowest scenario ofifetsea level rise in TMMeB from 2015 to 2032

Year 2000 2015 2032 2100
e N @ 90
A N : @
_I?lr\;olijggatzm;\;erage annual sea level| in i 912 960 1,150

Secondly, the maximum possible sea level rise stefar TMMeB was extrapolated by treating the ttesis an
exponentially rising one. Similarly, by projectirtige level in 2015 (i.e. 912mm) to 2032 exponentjathe upper
bound of average sea level in TMMeB in 2032 caafy@oximated.

Table D-3: Projection of the highest scenario dfife sea level rise in TMMeB from 2015 to 2032

Year 2000 2015 2032 2100
basoline: 3000 @y 70 70 180 1,000
@223?2; Z)rllng?rlnn?)ea evel (Pee - - 0 110 930
_I?Ir\;:'\t/alzgac(im?n\;erage annual sea level| in ) 912 1022 842

Based on the extrapolations, which are describefiainle D-2 and Table D-3, the average sea lev@MiMeB in
2032 is expected to be within the range of 960mhyD22mm.
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Appendix E - Summary of Interviews

In this appendix, summaries of interviews condudtetthe research are provided. They are classifiedthree groups
of (1) Interview set 1 (i.e. interviews for extriagt additional information required for conductitige case study on
TMMeB), (2) Interview set 2 (i.e. interview for eatting information about climate risks and resjiuitises
allocation agreement in Maasvlakte 1l) and (3) vitev set 3 (i.e. interview for validating the aysib of success
factors of the Port of Rotterdam Authority for &llding climate risks and responsibilities in Maakt 11).

E.1 Interview Set 1

To support the case study on TMMeB, two interviewere executed during the research. Two respondeaits
approached and interviewed by e-mail; they areMt) Vladimir Stenek, the project manager of climaisks
assessment for TMMeB and (2) Mr. Alan Duque Pettez,port manager of TMMeB. In this section, the sfio®s
mailed to them and their responses are presented.

E.1.1 Questions Sent to Mr. Vladimir Stenek

From: Erwanda Nugroho

Sent: Thursday, May 12, 2016 4:03 AM

To: Vladimir Stenek

Subject: Questions about Climate Risk Management in MEB

Dear Mr. Stenek,

Thank you very much for the informative presentatizat you delivered yesterday. | am an MSc studebelft
University of Technology and | am currently condiigtmy thesis at Deltares on a subject of Finan€iligpate Risk
Management in Ports.

So far, | have developed a climate risk assesstaehtor ports, in particular container termindiforeover, | have
developed a framework for (1) assessing the firmvaabilities of the proposed climate adaptatiosasures for ports
and (2) determining the optimum adaptation levepiarts. Further, | have applied my framework onBJAE

| would like to extend my study to analyze how tlosts of climate adaptation in ports can be shiaeggeen port
stakeholders appropriately. Therefore, | have adaastions regarding your presentation yesterdhichnare:

1. Were the adaptation measures implemented in BtE#By financed by the public sector? Or, in theeotwords, did
the terminal operating company (i.e. Compas S.Arjigipate in the financing as well?

2. In the report published by IFC, | recognized thaurances have been undertaken for severakabsetare

essential for the operations of MEB and Compas,Such as quays, goods handling equipment and gdosd in
the terminal. Who was in charge of paying the iasae premiums in this case?

3. Is the reported annual discount rate of 16%@abaenominal discount rate?

4. How does the terminal deal with climate riskat thre not avoidable, such as high wind speed,hwdoald
significantly disrupt the goods handling process mnght destroy some assets?
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Thank you very much for your time and attentiomdvance. | am looking forward to hearing from yod &am
wishing you a very speedy recovery.

Yours sincerely,

Erwanda Nugroho

E.1.2 Responses from Mr. Vladimir Stenek

Dear Erwanda,

On 1, MEB —a private company- financed it with agby private investment. In relation to insuranpelicies for
most of the assets were covered by MEB.

The discount rate is the one used by the compatiyaatime. In general, those are derived from WA@Aich is
specific to each company and their financial strect

Currently wind speed doesn’t present significaobpegms for operations. In general, if lower thagnficant storm or
higher speeds, the effect is mostly on berthingédeing on the berth orientation related to winus effects on wave
physics), and goods handling as related to craseatpns.

The responses usually take a cost/benefit approgtie frequency is relatively low in the firstsmthe ships may
need to temporarily leave berths causing some bssidisruption; if the effects start becoming digant hard
measures such as changes in breakwaters may bedn€&ed cranes, the usual procedure is lashingeabertain wind
speed; in cases of older cranes with lower operakiimit thresholds the response may be upgradngewer
standards with higher threshold tolerance. Operatiprocedures, such as stacking containers torlbeights when
storms are announced, help prevent further danRegponses may start differing for cyclones butilydEB is not
in the zone of their activity.

Hope this helps.

Regards,

Vladimir

E.1.3 Questions Delivered to Mr. Alan Duque Perez

From: Erwanda Nugroho

Sent: Thursday, May 12, 2016 10:59 AM

To: Alan Duque Perez

Subject: RE: Exploring Possibility to Interview COMPAS S.for an MSc Thesis Project on Financing ClimatekRis
Management in Ports

Dear Mr. Perez,

Thank you for your quick reply and willingness ® ibterviewed. My questions are as follows:
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1. Did COMPAS S.A. consider the climate risks fabgdVuelles el Bosque Terminal before investinghia terminal
operations?

2. Has COMPAS S.A. experienced any disruptionimieal operations or damage in terminal assetsusecaf
climate change impacts? What are the strategieseasures performed by COMPAS S.A. to mitigate sungacts in
the future, if any?

3. How does COMPAS S.A. deal with climate riskg @@ not avoidable, such as high wind speed, wtocid
significantly disrupt the goods handling process mmght destroy some assets?

4. Does COMPAS S.A. insure their assets (e.g. gbaddling equipment) and goods stored in the teal?im case of
any damage in the goods stored as a result of tdiofeange impacts, who are responsible for comtiagghe
owners of the goods?

5. According to the report published by the Int¢ioral Finance Corporation, some adaptation meashaee been
implemented in Muelles el Bosque Terminal. Oneneféxamples is raising the causeway connectingptdoed and
mainland areas. Did COMPAS S.A. participate in exieg and/or financing the measures? Or, is itrédsponsibility
of the other stakeholder(s)?

Thank you very much for your time and attentiomd@vance. | am looking forward to hearing from you.

Kind regards,

Erwanda Nugroho
E.1.4 Summary of Responses from Mr. Alan Duque Pez

1. COMPAS S.A. did not consider any climate risgefd by Muelles el Bosque Terminal before investinthe
terminal operations.

2. No damage has been observed since the infragesavere raised by 1.5m.

3. COMPAS S.A. has identified the dates of stromgdvevents and set the maximum stacked formatiaoofainers
in yard to be 5 levels during those events.

4. Warehouses and cargo storages are used totgretenods stored. In case of any accident, theadas are
covered by insurance.

5. COMPAS S.A. was the only stakeholder that fimghihe climate adaptation investment in TMMeB.
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E.2 Interview Set 2
Prof. Tiedo Vellinga, the Director of Environmenbabnitoring for Maasvlakte 1l was approached aneniviewed for

the purpose of extracting information about clim@sks and responsibilities allocation agreemer¥aasvlakte 1. In
this section, the interview protocol and summarhisfresponses are presented.

E.2.1 Interview Protocol

Interview Protocol

Author Erwanda Nugroho

Respondent Prof. Tiedo Vellinga (The Port of Ratéen Authority)
Date of Interview 2 May 2016

Project Title Financing Climate Risk ManagemenPorts

General Instructions

Good morning. Thank you for your time and availi&pilor this interview. Currently, | am conductirgMSc thesis at
Deltares on a topic of financing climate risk magragnt in ports. As of today, | have developed #& dfeclimate risk
assessment tool for ports and an assessment fraknévanalyzing the financial viabilities of theqposed climate
adaptation measures for ports and the financigdtimaum climate adaptation level for ports. Aftekaowledging the
viability and optimum adaptation level, the measuteemselves have to be financed. Otherwise, sieassessment
and analysis would be meaningless. Therefore, tingoge of this interview is to acknowledge the eirsvand current
states of the Port of Rotterdam, in particular M&dde |l development and operations, in adaptmglimate change
and how the adaptation costs are arranged.

Instructions for Recording Permission

Before | start the interview, | would like to astuyr permission for recording this interview. Theypase for recording
our conversation is to ensure that | can get athefdetails of your responses while having am#tte conversation
with you at the same time. | assure you that therdéng will remain confidential and only be used the purpose of
my research.

Questions: The drivers and current states of the Rbof Rotterdam in adapting to climate change

1) The City and Port of Rotterdam have gained thetegjmun as one of the most climate adaptive citied orts
across the globe. From your point of view, whattheekey drivers or success factors for the PoRaiferdam to
adapt to the climate change?

Possible follow-up questions [If the interviewegldahat the question is too broad)]:

a) The safety regulation in the Netherlands could e @f the strictest in the world as all risks tbetur once
every 1,000 or 10,000 years have to be mitigateeshe regulatory driver play an important role?

b) The Port of Rotterdam is of great importance of ¢ékenomies of the Netherlands and the neighbouring
countries. Does the economic driver play an impdntale?

c) As one of the biggest and leading ports in the ayothe Port of Rotterdam has to maintain its
competitiveness. Does the market driver play aroitamt role?

d) Many Dutch citizens are living nearby the Port aftt@rdam. Therefore, mitigating climate risks ie thort
could also be beneficial for social purposes. Dibhessocial driver play an important role?

2) How does the Port of Rotterdam conduct its climeteassessment? How regularly is the assessmedticted?
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3)

4)

The negative impacts of some climate risks, sudhaslisruption in cranes operation or damageénctanes as
a result of high wind speed, could be unmitigablemavoidable. How does the Port of Rotterdam marlgse
unavoidable risks?

Insuring port assets and revenues is perhaps offeeahost important climate risk management strasem
ports. In the Port of Rotterdam, what factors aleh into account when making decision between tadgp
insuring and a combination of both?

Questions: The benefits and responsibilities of skaholders of the Port of Rotterdam

5)

6)

7

8)

9)

Which stakeholders of the Port of Rotterdam gaimelfies from the adaptation to climate change?

Which stakeholders of the Port of Rotterdam argaoesible for implementing the relevant climate den
adaptation measures? Are they responsible fordingrthe measures as well?

Possible follow-up question:

In one article, | found out that in the Port of Rotlam, the Port Authority is responsible of dep&lg seawalls
while private operators are in charge of develogjngys and some other port sites. Therefore,tigétthat the
measure of developing seawall should be executedebfort Authority, while any measure to be imptated in
quays and port sites (e.g. raising the height afygushould be done by private operators?

Do the responsible stakeholders execute the mesabyrthemselves? Or, are the executions tenderexté¢onal
parties through public-private partnership, fotamee?

How are the costs of climate adaptation shared grttenstakeholders of the Port of Rotterdam?

Possible follow-up question:
If actor X (e.g. the Port Authority) is in chargkfimancing the measures, will the actor incredmefees imposed
to the other stakeholders (e.g. port operators)ients (e.g. frequently incoming sea vessels)?

From your perspective, what criteria or factorsutidoe considered when making decisions on thetatiap
cost sharing?

Possible follow-up questions:

a) [If the variations in costs of capital and discotates among port stakeholders are not stateder®rit port
stakeholders may have different weighted averageafacapital, or discount rate. Should this factisio be
taken into account? For instance, stakeholders th#éhHowest cost of capital could be asked to fueatine
measures.

b) [If fairness is mentioned as one of the criterlpm my perspective, fairness in cost sharing eaddiined
into two different mechanisms: (1) All stakeholdevdl experience similar benefit-to-cost ratio, (Zhe
stakeholder(s) with the lowest cost of capitalayipg for the adaptation costs. Which of the meidmanif
any, is relevant in Port of Rotterdam?

Closing Remarks

This is the end of my interview. Thank you very mdor your time and responses. | find them veryfulser my

research project. | assure you that your persoe#dild will not be published without seeking yoyspeoval
beforehand. | hope to keep in touch with you throegiail and | will get back to you at the end of regearch in

order to validate my findings. At last, | would éiko ask you to please introduce me to other rateparsons that

might be interesting to be interviewed for my pobje
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[If time permits]: Do you have any question aboytmasearch project?
E.2.2 Summary of Responses

* The key driver is the aim of the City of Rotterdsorbe the front-runner in innovative thinking witkgard to
climate adaptation strategies. The aim is indeedabnthe goals of the business development of thye C

* The other drivers are also important, such as atguyl drivers, in which risks that occur once evégy000
years have to be mitigated in the Netherlands. blee the Port of Rotterdam has to maintain its
competitiveness for attracting clients. Otherwibe, port can lose its competitiveness and theiegisiients
can shift its business to other ports. Furthenmgtligea current perception that implementing cleradaptation
measures in the Port of Rotterdam (e.g. buildirayvealls and storm surge barriers) helps in pratgdilutch
residents from flooding. However, it turns out thare is not a lot of residents living nearby plogt.

e The climate risk assessment is conducted by thedP&totterdam Authority and the City of Rotterdahine
cost, which is not so much compared to the executibthe measures, is borne mainly by the Port of
Rotterdam Authority.

« The Rotterdam Climate Proof is a report that sunmearthe climate risk assessment. It shows the
vulnerabilities of the port and its hinterland ceantion to climate change.

* Moreover, some measures are described in the RatteClimate Proof. For instance, the Port of Rd#ar
Authority has implemented climate adaptive strategiuch as:

o Development of an office tower in Wallhaven, whadn be regarded as a climate proof building. The
main office tower is situated above the ground,|evepaces below the tower are utilized for car park
In case of any flooding, the car parks will be eldsand the tower will be safe from flooding duét$o
elevation level.

0 Situate vulnerable assets far away from the aregswulnerable to climate change.

o0 There is also a discussion to develop dikes ingyslinh order to protect industrial activities ireth
port.

« The Port of Rotterdam Authority keeps monitoringgt unavoidable risks, such as monitoring wind gjpree
the port operational area. By knowing the wind speistribution, the port will improve its adaptieapacity
towards those unavoidable risks (i.e. how to reéactse of the materialization of those risks).

* To the knowledge of the respondent, the Port ofdRdam Authority does not insure its own asse¢s fiort
infrastructures) against climate risks. This iscuse the price or premium of such insurance is bak.
Perhaps, port clients or operators are protectieg issets and revenues through insurance. Thisohbe
later checked with them.

« All port stakeholders gain benefits from the adapteto climate change in the Port of Rotterdant, Bie key
actor that gains benefit from the adaptation isRbet of Rotterdam Authority itself. By adapting ¢bmate
change sufficiently, the port has gained reputatiod sustainability in its operation, which enhands
competitiveness.

* Who is responsible on implementing and financing itieasures is very dependent on the agreemerite In t

Port of Rotterdam, the Authority is in charge o$ibgoort infrastructures, while the operators areliarge of
providing the port superstructures and services.
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In its contract with the operators (e.g. APM), fRert of Rotterdam Authority is very transparentthe

operators as the Authority informs the identifididhate risks to the operators appropriately. Fatance, the
Authority informed the operators that the expecedrage sea level rise in the lease period is Sarafrithe
Authority will be in charge of executing the meassuto deal with the risk of rising average seallbyaup to

50 cm.

However, in case of unforeseen events, averagkegelacould rise at a higher rate (e.g. by 100 cmingd) the
lease period). In this case, the private operdtave to pay for the additional required measures.

It is interesting to note that public-private parship is implemented in executing the adaptatieasuares of
managing the coastline of Maasvlakte 2. The measanemainly performed by filling the coastlinetw#and
such that port operations nearby the coastlingatected from flooding. As the measures are rélsieport

infrastructure, the Port of Rotterdam Authorityiischarge of financing it. The Port of Rotterdamtiiarity

has hired a private contractor to perform the mesmsat certain design parameters. However, if timate

change evolves faster than expected, the desigmmgders have to be changed or strengthened. lcdbes
the Port of Rotterdam Authority has to pay for éxéra adaptation costs.

For measures that are associated with superstescfarg. road pavements or crane operations),haes to
be performed and financed by the operators or tslidioreover, if APM Terminal (i.e. the port opengt
wants to raise the quay of its terminal durindétsse contract, the measure has to be executdihanded by
itself. However, before the execution, the portatity has to be consulted.

The Port of Rotterdam Authority is in charge of eleping sufficient port infrastructures to make et

climate adaptive. The cost of such infrastructusesigh. Nevertheless, the Port of Rotterdam Authaan

charge higher fees to the clients due to its rejmuteas a climate adaptive port. Otherwise, thes fard

revenue of the Port of Rotterdam Authority will lmever. For adaptation measures that are relevatteo
superstructures, the operators are in charge afing them.

Who is responsible for financing climate adaptatio@asures in ports is dependent on the terms atgalin
the contract between the Port of Rotterdam Autha@nid its clients.
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E.3 Interview Set 3

During the research project, the author had a éémeneet and discuss climate risks allocation mament in the
Port of Rotterdam. From the conversation, the autfatained a plenty of important details regarding allocation.
However, the respondent refused to be formallyritegved. Therefore, it was found important to coctdilne third
interview set, which was aimed to validate the sgsdactors of the Port of Rotterdam Authority liocating climate
risks and responsibilities among port stakeholderst. Tiedo Vellinga, the Director of Environmehtdonitoring for
Maasvlakte Il was approached and interviewed fisrglarpose. In this section, the interview protcodl summary of
his responses are presented.

E.3.1 Interview Protocol

Interview Protocol

Author Erwanda Nugroho

Respondent Prof. Tiedo Vellinga (The Port of Rat#éen Authority)
Date of Interview 6 June 2016

Project Title Financing Climate Risk ManagemenPorts

General Instructions

Good morning. Thank you for your time and availiépilor this validation interview. | have writteme chapter about
the success of the Port of Rotterdam Authority marghg climate risks among port stakeholders in reent
construction and concession of Maasvlakte Il. Tinppse of this interview is to validate my reseasatcomes on the
success.

Instructions of Recording Permission

Before | start the interview, | would like to as&uw permission for recording this interview. Thegmse for recording
our conversation is to ensure that | can get athefdetails of your responses while having amttte conversation
with you at the same time. | assure you that therdéng will remain confidential and only be used the purpose of
my research.

Validation of Successful Case of Climate Risks anidesponsibilities Allocation in Maasvlakte I

| would like to this validation interview by predemg my research outcomes relevant to contracty@eanents made
for Maasvlakte Il construction and operation. Whameyou feel any information is not correct or ragpropriate,
please stop me and let me know directly.

Presentation of the barriers to allocate climagksriexplicitly, the slide is shown below:

94



Appendix E — Summary of Interviews

Barriers for allocating climate risks explicitly

* Reduced attractiveness

+ Procurement bias — lowest bidder won!

+ Mismatch between asset lifetime and concession period

» Principal-agent problem: Info. asymmetry -> Moral hazard
» Rigid contracts — ineffective to deal with CC

‘Sourve: Sundarajan and Suriyagoda (2016)

Deltares

'?U Delft Enabing oot e ;

Successful PoR 2June 2016 1"

Presentation of the development and operationsazdvlakte Il, the slide is shown below:

Maasvlakte Il - Development & Operation

K

N .,
Maeslant Barrier ;

#rimary dikes

Adapfed from Port of Rotterdam Authority (2013)

Infrastructure development Container terminal operation

Contractor: PUMA (Boskalis & Van Oord) | 1st terminal: APM
2nd terminal: RWG

Deltares

UDelft =" &

Successful PoR 2.June 2016 12

Presentation of the partnership made for the reatiam of Maasvlakte Il, the slide is shown below:

Project z INFRA (INFRA
Planning H Design 4{Fmance Build

PoRA

0 & MVFRA

25 years

PUMA

« Climate resilience requirement (e.g. sand-filling requirement)

« ‘Partnering’ clause: PUMA & PoRA explore cost-saving strategies
(e.g. gradual sand-filling)

« Port infrastructure: Not insured
« National government: Insurer of the last resort

Deltares

-FU Delft = ;

Successful POR 2 June 2016 13
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Presentation of the tendering process for a costd@rminal operation in Maasvlakte Il, the slideshown below:

Maasvlakte Il — Container Terminal Concession

o

1ajsuel]

r{ Finance®"

j‘ Build®/*=*

APM | RWG &
» Tendering: started before the reclamation
- 2stages:
« Pre-qualification: > 2 million TEUs
+ Bidding: More info from PoRA -> Climate risks + measures
undertaken
Responsible of the relevant infrastructures + relevant adaptation
» Selection criteria — Sustainability (20%): Environmental
Management System, Modal-shift measures, security of terminal
operation t

'i';U Delft -

Successful PoR 2 June 2016 14

Presentation of the summary of the success faofditse Port of Rotterdam Authority in allocatingneate risks and
responsibilities in the development and operatafridaasvlakte I, the slide is shown below:

Leaping over the barriers

Maintain the

attractiveness of PoRA: sole financier PoRA: high reputation
partnership

Mitigate Clearly stating the climate

- T A Sustainability criterion
procurement bias | resilience requirement

Deal with mismatch

between ‘Partnering’ clause: PORA PoRA always leases the terminal
concession period | monitoring operation — No issue

and assets lifetime

Reduce the

principal-agent Engage the private sector in the earliest stage of the project

problem

Rigid -> flexible ‘Partnering’ clause: explore solution | _

contract + enhance resilience level

[Market] Driver Climate-proof city by 2025 World’s most sustainable port

+ Who?

& [
TUDelft ~

Successful PoR 2 June 2016 15

Explicit questions, if needed:

1) What is the concession period for APM and RWG?

2) What is the existing sand-filling requirement foad&vlakte 11?

3) Is the gradual sand-filling strategy applied to B\dakte Il or other terminal?

4)  From = and Martijn de Jong, | learned thstiring assets against flooding in the Nethedaisd/ery
difficult and must be very expensive. Is this taason of why the PORA does not insure its infrattines?

5) Is it clearly stated in the contract that the nailogovernment will do something if any adversenelic event
occurs?

6) In the sustainability criterion, | saw one of th@mponents is security of terminal operation. Dbés include the
sustainability of the operation in case of bad Wweaevents?
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E.3.2 Summary of Responses

e The terminal that is currently being operated bywAPerminal is referred to as the second contaieaninal
of Maasvlakte Il, while Rotterdam World Gatewaythis first container terminal of Maasvlakte II.

« Interested port operators were not explicitly reggito state their proposed operational plans duaiiverse
climatic events in the tendering of the first caméa terminal of Maasvlakte II.

« Insuring assets against climate risks in Maasvldkare way too expensive, as stated |||l ism
Martijn de Jong.

* The concession periods for the APM Terminal andRbt#erdam World Gateway are both 25-year.
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