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Seaports as critical shore-based infrastructure are particularly vulnerable to impacts such as sea level rise
and increasing incidents of severe weather events. In excess of ninety percent of global trade by volume
is transported by sea. In Ireland, seaports are of strategic importance to the national economy. As an
island nation, ninety eight percent of trade by volume comes through its seaports. Climate issues facing
Irish ports include increasing storminess, such as the Atlantic storms experienced in the winter of 2014.
Ireland provides a particularly valuable case study as the scale of Irish port sizes, analysed in this re-
search, range from 500,000 to 30 million throughput tonnage. This tonnage range, is more typical of port
sizes globally, and adds relevance to the study. The specific objectives of this paper are to establish the
readiness of the seaport sector in Ireland to build adaptive capacity to respond to climate change and to
assess lessons from and for Ireland in the context of international best practice. The research identified a
lack of awareness and understanding of climate change amongst the sample population of seventy senior
managers (comprising of national regulators and local authorities; commercial port harbour companies;
and indigenous and multinational industries located in the port hinterland), as representatives of the
maritime sector in Ireland. Evidence of a knowledge gap was identified from in-depth semi-structured
interviews conducted over a twelve month period. Many industry stakeholders were actually im-
plementing adaptation measures within their organisational strategies, unaware of the explicit links with
climate adaptation.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

parameters (mean sea level, storm water levels, wind, waves and
swell, tidal regime, sedimentation rates, invasive species, water

The challenge of addressing climate change impacts when
viewed through the lens of the port sector is enormous. Sixty
percent of the most populated cities throughout the world are
categorised as ‘port cities’ which further emphasises their im-
portance as contributors to both national and global economies
[60]. Becker et al [2] suggest that ports, and port based commu-
nities will be disproportionally affected by climate change. Ac-
cording to the International Association of Ports and Harbours
(IAPH) seaports are vulnerable to changes of all water related

* Corresponding author at: National Maritime College of Ireland (NMCI), Ring-
askiddy, Co. Cork, Ireland.
E-mail addresses: Jane.okeeffe@nmci.ie (J. O'Keeffe),
v.cummins@imerc.ie (V. Cummins), r.devoy@ucc.ie (RJ. Devoy),
d.lyons@ucc.ie (D. Lyons), J.Gault@ucc.ie (J. Gault).

http://dx.doi.org/10.1016/j.marpol.2016.04.044
0308-597X/© 2016 Elsevier Ltd. All rights reserved.

salinity and acidity) [26]. Rapid advances in climate science are
seen as the catalyst for sound decision making, and for the de-
velopment of climate-resilient pathways. As a result of progress in
the period between 2005 and 2010, it is now possible for policy
makers to make more informed decisions, due to a proliferation of
published data, and a continuous development of assessment
methods [30,33,35]. Adaptation as a planning and implementation
strategy is now central to research on climate change and on cli-
mate risk management [47,51].

Evidence from the IPCC [32,35] shows that on a global scale, the
ocean is warming (the upper 75 m warmed by 0.11 °C per decade
from 1971-2010); and the Greenland and Antarctic ice sheets are
losing mass (approximately 275 Gt/year from 1993-2009). To-
gether ocean thermal expansion and glacier mass loss explain
about seventy five percent of observed global mean sea level rise.
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In the last century, sea level rose by approximately 0.19 m [34].
This gradual and barely perceptible increase has implications for
coastal communities and infrastructure in low lying regions of the
world such as deltas and alluvial flood plains; whilst also having
implications in the context of sudden and catastrophic coastal
flooding events [21,5,58]. The acceleration of sea level rise (SLR)
will inevitably have greater implications in the future, especially in
coastal regions [35].

The question is, whether port managers, planners and other
decision takers are doing enough to consider the vulnerability of
port assets in light of the potential impacts of climate change.

Planning for adaptation takes the form of multi-disciplinary
teams developing and delivering innovative solutions through
adaptive strategies and technologies [41,8,18]. The implementa-
tion of adaptive actions involves practical steps to reduce vulner-
ability including engineering solutions, technical changes to port
operations, and planning measures. When referring to the resi-
lience of the port sector or the maritime industry, the authors are
referring to a sector’s ability to absorb disturbance whilst main-
taining its function and structure.

In this context adaptation measures include increasing the re-
silience of port infrastructure and port operations by evaluating
risks of occurrences such as: extreme flooding leading to loss of
radar and radio equipment; flooding and erosion of road, railway
foundations and storage buildings; toppling of containers in
stacking yards; flooding of berth facilities; delays and stoppages in
loading and unloading of vessels; and rising insurance premiums
due to global losses from weather related events [10,23]. Capital
intensive complex projects are predominately engineering options
on a large scale basis [40]. They address multiple scenarios from a
ports and coastal perspective, and involve the modification and re-
installation of sea walls, storm and waste water management
systems, flood levees, and the protection of key infrastructure
against the effects of storm force winds and flood damage [52].

Ports vary considerably in their operational profiles, the type
and extent of cargo handling activities, and in their geographical
positions. However synergies may exist and lessons can be
transferred between ports where similar challenges are en-
countered, such as in the case of building climate adaptation ca-
pacity. This paper focuses on building adaptive capacity by ex-
amining levels of awareness of adaptation to climate change from
selected stakeholders across mid-sized ports which make up the
port landscape on the Island of Ireland.

The specific purpose of this paper are to establish the readiness
of the seaport sector in Ireland to build adaptive capacity to re-
spond to climate change and to assess lessons from and for Ireland
in the context of international best practice.

2. Methodology

These objectives are addressed by providing insights into cur-
rent port practice from ports in Europe, Australia and the United
States. The research adopts an inductive approach and follows a
specific pattern, by analysing secondary data from a broad range of
sources (port documentation; journals; publications; academic
literature and web based research), and combining it with primary
data from semi-structured interviews conducted over a twelve
month period, concluding in mid-2014 with seventy stakeholders,
representative of port and port hinterland related organisations
(see Table 1,); and verification workshop discussions with stake-
holders, facilitated by the Department of Transport Tourism and
Sport (DTTAS) at their headquarters in July 2015.

A review of ports endorsed by the World Ports Climate In-
itiative (WPCI) [64] was conducted to establish best practice
within this specific industry sector. The relevance of the WPCI to

Table 1
Profile of interview respondents

Analysis Profile of Interview Respondents

Industry Category Regulatory Bodies

Port Industry

-Indigenous 12
-Multi-national/International 5
Port Hinterland Industry (PHI)

Port Authority - Tier 1 10
Port Authority - Tier 2 3
Port Authority - Tier 3 1
Local Authority 6
8

-Indigenous 10 National Planning & Policy
-Multi-national/International 9

Semi-State Industry 6

Sub Total 42 Sub Total 28
Total Number of Respondents 70

this study is significant, as it provides a platform for the maritime
port sector to highlight the effects of climate change, and to
exchange information. The WCPI evolved in 2008 as a result of
the IAPH requesting their port environmental committee to
consult with regional port organisations, to provide a mechanism
to assist ports in dealing with climate change [25]. Through a
screening process based on geographic location (with a sample to
include a distribution of ports from across the globe); size and
tonnage throughput (with a focus on medium to large ports as
comparators to the later work on Ireland and because large ports
tend to have more sophisticated approaches to innovation); and
environmental credentials (ranging from climate policies to port
environmental management systems in place), five ports were
chosen: - Port of London Authority, Port of Gothenburg, Port of
Rotterdam, Port of New York and New Jersey and Gladstone Port,
Sydney Port and Port Kembala. These were deemed to be ex-
emplary in providing prime examples of port-based climate
adaptation strategies.

Effective adaptation is the ultimate goal of all involved in the
commercial seaport sector; however this requires a knowledge
base, correct dissemination of information, and a willingness to
integrate climate change adaptation into everyday business policy
[17]. This study focusses on an assessment of the adaptive capacity
of those involved directly and indirectly in the ports and port
hinterlands (port companies, local authorities, and those in-
dustries that choose to locate in the port environs for strategic or
other reasons), with a view to create awareness, contribute to the
existing body of knowledge, and enhance the adaptive capacity of
the participant stakeholder groupings. Core areas under discussion
in this research were ‘environmental issues’, ‘climate change’ and
‘climate adaptation’, as they relate to the maritime industry. For
the purpose of this research, ‘maritime industry’ is categorised as
all industries, local authorities, transport and shipping operators,
operating within the ports and port hinterlands.

Irish ports were selected following a process that identified and
classified ports according to their scale and type. A study of sta-
keholder awareness of climate adaptation in the Irish commercial
port sector was conducted based on in-depth interviews with
seventy stakeholders, representative of port and port hinterland
related organisations (See Table 1.). The interviews focused pri-
marily on the commercial seaport sector, to ascertain levels of
awareness of climate change and climate adaptation.

A stratified sampling methodology was employed in the se-
lection of organisations to provide a balanced representation from
both the ‘Regulatory’ and ‘Industry’ actors. Regulatory stakeholders
comprised of port and local authorities; national planning and
policy agencies; and government departments. Industry stake-
holders comprised of representatives from port and port hinter-
land industries (both indigenous and multi-national), and from
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semi-state industry. The interviewees selected, were senior man-
agers, policy makers, strategists and business planners with a
collective wealth of experience, capable of reflecting the views of
both indigenous and multi-national industry, and regulatory au-
thorities. The ports surveyed were chosen as being the primary
commercial ports on the island of Ireland (Port of Dublin; Port of
Cork; Shannon-Foynes Port; Port of Waterford; Rosslare-Europort;
and Port of Galway).

A questionnaire was developed incorporating three core areas
of focus: environmental issues; climate change (awareness, im-
pacts and response); and adaptation to climate change (in-
corporating capacity building). This questionnaire was designed to
support the semi-structured interview process. The purpose of the
questionnaire was to amass the maximum amount of relevant data
over the duration of the interview (90 minutes on average), and
the questions were structured to incorporate both a quantitative
and qualitative approach to data gathering.

Interview data was analysed using thematic coding, and results
presented here represent preliminary findings from an in-depth
investigation into the attitudes and behaviours of senior port de-
cision makers towards climate adaptation. The focus is on selected
questions around awareness and capacity building. These ques-
tions were nested in a larger study dealing with the maritime
industry in the context of its resource capabilities, adaptive capa-
city and responsiveness to climate change. The analysis and pre-
sentation of additional results will form part of future work.

3. Building adaptive capacity in selected seaports: current in-
ternational practice

Port management is both strategic and critical in terms of its
importance to economies worldwide, and the inclusion of port
adaptation practices introduces new challenges to authorities re-
sponsible for port management operations [29]. The network of
experienced professionals that exist within the port sector is re-
cognised by Smythe [57] who suggests that this (in tandem with
effective port governance and a wealth of social capital) needs to
be leveraged if the concept of a ‘resilient port’ is to be identified,
and to enable effective long-term planning of climate change
adaptation to occur. Building adaptive capacity in the port or any
sector is dependent on the resources and capabilities available to
undertake actions to manage the impacts and simultaneously ex-
ploit potential opportunities of climate change [31].

A selection of international ports engaged in climate adaptation
measures are helping to build climate resilience. These include a
number of case studies worth considering for comparative pur-
poses against the Irish scenario:-

3.1. Port of London Authority

Under the [59] it is mandatory for major seaports and other
infrastructure owners to file reports on their activities relating to
climate risk assessment and measures identified to manage such
risk [38]. The Port of London Authority (PLA) as the statutory na-
vigation and pilotage authority had its powers and duties ex-
tended to cope with the effects of climate change, in so far as it
may impact on some of its operational activities and functions.
Indicative on the variations in scale and nature of port types and
functions, the PLA does not handle cargo, nor does it own land for
cargo handling activities. Prior to the implementation of statutory
requirements for reporting, the PLA had no baseline data or in-
formation concerning the risks of climate change on its operations.
The statutory reporting mechanism ensured that the PLA focused
on the issue of climate adaptation, resulting in improved under-
standing of risk and vulnerability to port functions and

departments. The tacit knowledge of port workers was combined
with scientific data in an inclusive analytical process. The London
Climate Change Adaptation Strategy Gap Analysis (2011) purports
that the most important body in London is the Greater London
Authority (GLA), with functional executive bodies that include
transportation, emergency planning, policing, and development
[7]. They (ibid) further illustrate how the GLA has also been in-
strumental in establishing a number of climate related partner-
ships [London Climate Change Partnerships (LCCP); London Resi-
lience Partnership (LRP)], in an attempt to gain a greater under-
standing of climate change impacts, and in particular the chal-
lenges of adaptation. The stakeholders (including the Port of
London Authority) contributing to these functional executive
bodies or forums embrace a central theme in the London context
of stakeholder involvement, together with collaboration and
partnership agreements. Synergies resulting from this partnership
and collaborative approach to climate adaptation continues to
benefit the PLA, as it is both a contributor and beneficiary of the
knowledge transfer process.

3.2. Port of Gothenburg

The Port of Gothenburg is a signatory to the climate strategy of
West Sweden (2009) whose overall goal is to be independent from
fossil free energy by 2030 [20]. The Port of Gothenburg purports to
be recognised as a world leader in on-shore power supply for
shipping and for cleaner air as a result of its programmes on fuel
quality, including its prominent role in related projects in the
World Port Climate Initiative [65]. Published sustainability reports
by Gothenburg Port Authority [48,49] describe the implementa-
tion of mitigation measures across the port such as on-shore
power supply connections (cold ironing); vapour recovery system,
ECO-driving (rail shuttle within port hinterland); and financial
support for environmental shipping companies selecting cleaner
fuels in the fairways. Of note is the absence of any mention of
climate change adaptation in the sustainability reports. Stringent
environmental demands; geographic location and distance from
major growth regions have been the drivers for Gothenburg in
having to provide effective and efficient port and land logistics
systems. Consequently, in attempting to maintain its status as a
leading freight hub, the Port of Gothenburg views collaboration
with stakeholders [owners; customers; employees; society and
general community; suppliers; public agencies; terminal opera-
tors; and port community] as the key to lasting success [50].

3.3. Port of Rotterdam

The geographic, deltaic context of the Port of Rotterdam places it
in a location that is highly vulnerable to flood and sea level rise. This
vulnerability is exacerbated by the presence and activities of a dense,
exposed, growing population. The importance of knowledge devel-
opment is acknowledged by key stakeholder groupings [City of
Rotterdam; Port of Rotterdam; Rotterdam employers’ organisation
(Deltalings); Environmental Protection Agency Rijnmond (DCMR)] as
being instrumental in developing Rotterdam’s adaptation strategy
[36,63]. Rotterdam Climate Initiative [53] reveals how the Port of
Rotterdam Authority has fostered collaborative agreements with
wider stakeholder groupings [municipal services; government de-
partments such as the water boards and Rijkswaterstaat; the general
public; private commercial organisations including housing cor-
porations; project developers; and utility providers] to develop the
Rotterdam Climate Proof Programme.

According to the Rotterdam Climate Proof Adaptation Pro-
gramme [54], the focus is on deriving and implementing stra-
tegies for climate proofing, rather than prediction, with the aim
of making Rotterdam 100% climate proof by 2025. With a
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globally recognised track record in flood risk management in the
Netherlands, the adaptation strategy is premised on a flood risk
ratio at 1:1,000 years [62]. Climate change adaptation strategies,
including integrated port design and refurbishment works, are
being incorporated into port spatial planning in the Netherlands
[63]. Rotterdam’s commitment to partnership, collaboration, and
knowledge transfer is further evident from their strategic ap-
proach to Memoranda of Understanding, whereby knowledge is
exchanged with foreign partners (government bodies; govern-
mental agencies and port authorities) with the objective of en-
hancing and optimising performance, and future development of
ports [19].

3.4. Port of New York and New Jersey

The poor ranking of US ports in an Organisation for Economic
Co-operation and Development (OECD) study [43], analysing the
vulnerability of the world’s largest ports to extreme weather
events (storm surges, flooding) prompted the publication of a
white paper on ‘planning for climate change impacts at US ports’
[61]. The Port Authority of New York and New Jersey adopted a
sustainability policy with specific emphasis on minimising risk to
its facilities as a consequence of climate change, as well as high-
lighting their intentions to work with regional stakeholders in an
attempt to alleviate such risk.

The Climate Change Adaptation Task Force was set up with two
specific goals: to determine which facets of their infrastructure
were at risk due to climate change, and to develop a co-ordinated
adaptation strategy to protect the respective infrastructure [39].
The Port Authority assigned responsibility of various facets (en-
ergy; policy; transportation; communication; water and waste) to
various working groups with a central premise of a coordinated
and collaborative approach to produce a strategy that would ad-
dress potential vulnerabilities.

This collaborative approach was also recognised by The
Transportation Research Board (TRB) as being core to developing
20 to 30 year outlooks with stakeholder bodies (environmental
protection; national resource management; and agencies re-
sponsible for land usage). The Port Authority conducted an ana-
lysis of potential vulnerabilities and challenges by 2020, 2050 and
2080 respectively, and set about structuring their design and
maintenance programmes accordingly. The unprecedented impact
of Hurricane Sandy has shown that despite having processes in
place for adaptation planning, the outcomes in terms of levels of
preparedness for extreme events can still be inadequate.

In addressing the impacts of Hurricane Sandy on the ports of
New York and New Jersey, Smythe [57] examines how such oc-
currences might inform future planning in relation to threats from
climate related events. The vulnerability of the port of New York
and New Jersey to extreme storm surges has become an issue, as
the odds of such occurrences as a consequence of climate change
are on the increase [22]. The network of experienced professionals
from various stakeholder groupings, that exist within the port
sector is recognised by Smythe [57] who suggests that this (in
tandem with effective port governance and a wealth of social ca-
pital), need to be leveraged if the concept of a ‘resilient port’ is to
be identified, and to enable effective long-term planning of climate
change adaptation to occur.

3.5. Gladstone Port, Sydney Port and Port Kembla, Australia

Concern that climate change will adversely affect the otherwise
successful operations of the Australian port sector, led the National
Climate Change Adaptation Research Facility (NCCARF) to com-
mission a project ‘Enhancing the resilience of seaports to a chan-
ging climate’ [37]. This collaborative approach to assess the effects

of climate change on seaports and their environs, and to identify
adaptation options, was structured on the basis of risk manage-
ment [55]. The multi-disciplinary climate resilience project in
collaboration with key stakeholders [such as: Ports Australia;
Transport & Logistics Industry Skills Council; Shipping Australia
Limited; and the Maritime Union of Australia], identified im-
portant vulnerabilities: seaward-side operations and supply chain
disruptions as being most affected by climate change [37]. Annual
reporting by ‘Infrastructure Australia’ to the Council of Australian
Governments explicitly includes climate change adaptation, where
in this context contingencies are provided for the assessment of
risk to infrastructure from climate change; the management of
such risk; and the need to alter the design or location of infra-
structure to reduce future risk [27,28].

The importance of Australian ports as links in global supply
chains is emphasised by Ng et al.,, [42] who raised the issue of
dependency of related sectors such as manufacturing and
transportation on port operations. The significance of ports is
further enhanced by the level of dependency of stakeholders in
the logistics and transport sector, where it is necessary for col-
laboration and coherence to exist to enable implementation of
effective adaptation strategies.

4. Review of Irish ports
4.1. Irish seaport characteristics

Typically, the ports in Ireland are seaports in natural, deep-water
sheltered harbours, co-located with centres of population. Through-
flow traffic at Irish seaports in 2011 consisted of over 12,000 vessels
which carried approximately 45M tonnes of cargo through 19 different
ports [15]. As an island nation, ninety eight percent of trade by volume
comes through its seaports [9]. The largest port is the Port of Dublin on
the Eastern Seaboard. Governance of the port sector is broadly similar
to that existing elsewhere in Europe, with a mix of private sector in-
volvement, in tandem with ports controlled by local authorities. The
size, location and strategic importance of various ports differs widely
depending on a range of factors; proximity to commercial and in-
dustrial centres; links to internal infrastructure; and the concentration
of centres of population throughout the island of Ireland. In 2013, the
National Ports Policy was introduced to address the diversity as it exists
throughout the port sector, with the long-term aim of consolidating
resources to allow for an effective and competitive maritime transport
sector [15]. This policy categorised the ports into three groups:-

e Ports of National Significance - Tier 1, responsible for 15-20%
of the overall Irish throughput tonnage of which there are
three: Port of Dublin, Port of Cork and Shannon-Foynes Port.

e Ports of National Significance - Tier 2, responsible for at least
2.5% of tonnage of which there are two: Port of Waterford and
Rosslare-Europort.

e Ports of Regional Significance, encompassing the remainder of
the Irish commercial ports namely, Galway Port, Drogheda, Dun
Laoghaire, New Ross and Wicklow.

This study focused on Tier 1 and Tier 2 ports, including the
largest of the regional ports, which was Galway Port. Belfast Port is
another significant port on the island, but it was not included for
the purpose of this research, as it falls within a separate jurisdic-
tion (Fig. 1).

Climate conditions differ between the east and the west coasts of
Ireland. Ports on the east and south coast are sheltered relative to the
exposed and extreme Atlantic waves and conditions that influence
maritime traffic and port operations on the western seaboard. The
increased occurrence of severe weather events poses significant

Please cite this article as: ].M O’Keeffe, et al., Stakeholder awareness of climate adaptation in the commercial seaport sector: A case
study from Ireland, Mar. Policy (2016), http://dx.doi.org/10.1016/j.marpol.2016.04.044



http://dx.doi.org/10.1016/j.marpol.2016.04.044
http://dx.doi.org/10.1016/j.marpol.2016.04.044
http://dx.doi.org/10.1016/j.marpol.2016.04.044

J.M O’Keeffe et al. /| Marine Policy m (ANER) RRE-EER 5

Beitast
A A
°
A
Dubllr..
AGalway®
L]
Shannon Foynes@
Ros!lare Europort
WaterfordD
A e
Cork@
@ Tier 1 Ports (> 15-20% total tonnage)
N Focus of the stu
O Tier 2 Ports (> 2.5% total tonnage)
®  Port of Regional Significance
. Other Ports
Rep. of ireland
Northern Ireland

Fig. 1. Ireland’s Main Ports & Harbours. Source: (Author).

challenges to Irish port operations. Wind in particular has a sub-
stantial effect on the berthing of shipping, and the subsequent
loading and unloading of cargo. Specific types of cargo are suscep-
tible to damage by precipitation resulting in ships having to remain
for longer periods in port to facilitate the safe unloading of cargo. A
sizable percentage of the physical expansion of ports has taken place
on reclaimed land within the port environs. This requires adaptation
measures to be put in place to safeguard infrastructure, to prevent
flooding and coastal erosion, as a consequence of more frequent
storminess with respect to adaptation [16].

The National Climate Change Adaptation Framework was de-
veloped to address the issue of climate change, by advancing the
knowledge base and providing future structures and processes to
enable capacity building across all sectors of the economy [11]. It is
envisaged in the National Climate Change Adaptation Framework
that analysis of the response to climate change on a sectorial and
local basis, will be at an advanced stage by 2016. The Environ-
mental Protection Agency (EPA) has been given the lead role in
assembling evidence in developing tools to enable organisations
across all sectors to understand, address and adapt to climate
change impacts. This is likely to provide a catalyst to action in the
Irish seaport sector, which is currently not being catered for in
terms of assessment of vulnerabilities and adaptive capacity with
respect to climate change. Seaports are of strategic importance to
the national economy, and it must be assumed that they form part
of critical infrastructure. However, adaptation to climate change is
a relatively new policy area, and it remains unclear as to what will
be categorised as critical infrastructure into the future [56]. Shine
and Desmond (ibid) further contend that there is no best practice

to reference, as climate change adaptation is an emerging area of
work, where all actors are pursuing a learning by doing process.
The National Ports Policy does not include any mention of con-
tingencies against possible future vulnerabilities of the ports in
Ireland as a consequence of climate change [15].

5. Preliminary findings: Stakeholder awareness and adaptive
capacity in the commercial seaport sector in Ireland

5.1. Pathways towards capacity building for environmental
management

The past four decades of environmental management have
seen great changes, from the nascent days of early environmental
movements, to contemporary, policy tools that span the spectrum
from promotion of compliance to enforcement of regulation. In
general many ports around the world have responded to the
changes that have come about as a result of increasing environ-
mental legislation. In many cases ports have embraced embedded
tools such as environmental management systems to improve
operations, public perception, and their financial bottom line. In
this study, the interviewees were asked about the importance of
environmental management to port operations to identify the
motivating factors for the delivery of good environmental practice
within Irish ports. The aim of the questioning was to establish if
there are lessons to be learned from the way that ports have re-
sponded to the challenge of better environmental management.

General discussion topics covered included Environmental
Management Systems (EMS), both port specific (Port Environ-
mental Review System PERS), and generic management systems
(International Standards Organisation 1SO14001). Vulnerability of
the port sector, vulnerability of industry and risk management was
also discussed, as was resource capabilities, and resilience of the
maritime industry. Specific focus was given to the interviewees
understanding of climate adaptation, and discussion took place to
determine individual organisation’s adaptive capacity and their
commitment to adaptation strategies.

Almost all the interviewees considered environmental man-
agement of the port sector to be ‘very important’, with the re-
maining interviewees identifying with ‘somewhat important’. The
majority of participants referenced their corporate strategies as
key enablers for a proactive approach to environmental manage-
ment. Regulatory stakeholders tended to identify with corporate
social responsibility (CSR), and the desire for a clean, green image,
as important for the environmental management in ports. One
port authority participant emphasised the “key objective of our
thirty year port master plan is environmental management”.

Under one-third of interviewees identified with the need for
‘protection of the environment’ as the main driver of environ-
mental management in ports, with equal representation from
regulatory and industry stakeholders. Participants cited stake-
holder responsibility, environmental awareness, a sustainable ap-
proach to business, and the protection of ‘our common future’ as
important drivers for environmental protection. One industry
participant reflected on organisational culture and attitude to-
wards environmental protection, stating “our industry is non-in-
digenous and has a very visible footprint along the shoreline (in-
dustrial buildings, chimney stacks and steam plumes), resulting in a
critical need for environmental awareness throughout the organisa-
tion”. The regulatory stakeholders strongly supported protecting
the environment. This was expressed by a port authority partici-
pant as “ports impose themselves on the environment and need to be
sustained”. Another local authority participant highlighted the
“critical inter-relationship to the city, residential and recreational uses
of the bay and working operation of the port itself".

Please cite this article as: ].M O’Keeffe, et al., Stakeholder awareness of climate adaptation in the commercial seaport sector: A case
study from Ireland, Mar. Policy (2016), http://dx.doi.org/10.1016/j.marpol.2016.04.044



http://dx.doi.org/10.1016/j.marpol.2016.04.044
http://dx.doi.org/10.1016/j.marpol.2016.04.044
http://dx.doi.org/10.1016/j.marpol.2016.04.044

6 J.M O’Keeffe et al. / Marine Policy m (AEER) RRE-RER

A further one-third of the interviewees (equal representation
from regulatory and industry stakeholders), identified with ‘ad-
herence to policy and regulation’ as a key driver of environmental
management in ports, with reference to government policy, en-
vironmental regulation, international maritime regulation (MAR-
POL- The International Convention for the Prevention of Pollution
from Ships), and compliance with landlord port environmental
management systems. The increasing pressures and constraints on
businesses with regard to compliance in the port sector emerged
as a key issue.

5.2. Awareness and acceptance of climate change in the Irish com-
mercial seaport sector

A good appreciation of the value of environmental manage-
ment among the interviewees was matched by a strong response
on a line of questioning to gauge levels of acceptance of climate
change. Overall, eighty three percent of respondents felt that cli-
mate is changing. Many supported this viewpoint by citing per-
sonal experiences of extreme weather events such as increased
storm activity and flooding due to intensity of rainfall. Levels of
awareness of climate change among port industrialists and reg-
ulators tended to be varied depending on the sources of influence
and information open to the interviewee. As well as personal ex-
periences, interviewees tended to have developed their knowledge
of climate change issues from their educational backgrounds (e.g.
as geographers or environmental scientists) or from media sources
such as television documentaries or newspaper articles.

Perceptions of the impacts of climate change from the per-
spective of those port managers in agreement with the science of
the IPCC tended to focus on issues around the increased risk of
flooding and stormy weather on the viability of year-round port
operations. These issues were identified equally by both regulatory
bodies and industry representatives surveyed. Vulnerability of
transport and vulnerability of supply chains were two other issues
that emerged strongly in the interviews. In contrast temperature
extremes were considered a low priority for most of this cohort
apart from utility and some heavy industry participants, who were
considering measures such as investing in double skin silos to
maintain moderate temperature levels and advance planning to
future proof critical plant and machinery.

Ironically one in three of those respondents who agreed that
climate is changing, went on to suggest that there are no obvious
impacts of climate change, scientific evidence is poor, and what we
are witnessing is part of a cyclical, gradual change phenomenon.
The remaining respondents seventeen percent were of the view
that climate is not changing. A typical viewpoint was that “weather
patterns are changing, not sure if the climate is changing”.

5.3. Awareness and understanding of adaptation to climate change

There was a general lack of understanding of adaptation as an
explicit term or process for dealing with climate change in the port
sector in Ireland. Despite this, the interviewees were intuitive
about the impact of weather related issues on business planning.
Given the severe weather events in Ireland in recent years, all
stakeholders were aware from first-hand experience of the im-
pacts of weather related issues on the functioning of their orga-
nisations, and the resultant effect on the economy.

Discussion with interviewees who expressed having some un-
derstanding of climate adaptation revealed a flawed interpretation
of the term, necessitating an adjustment to the original findings in
relation to the ‘no’ category, to a true adjusted value of seventy one
percent. Levels of understanding within the representatives of the
regulatory bodies were at fifty percent compared with a mere
seven percent in the representatives from industry. This illustrated

a large knowledge-gap across between industrialists and reg-
ulators. Those classified as having an understanding of climate
change adaptation provided insights into their thinking on the
subject, such as:- “learning from our past and adapting for the future
with the help of scenario planning tools”; “responding to the in-
evitable consequences of climate change by building resilience into
our business models, modifying our supply chains, and adapting our
resources”.

Fifty eight percent of individuals surveyed indicated they had
been involved in managing the impacts of extreme weather
events. Of these ten percent were actively pursuing the im-
plementation of adaptation measures, such as new power plants
built to cater for extra winds and rainfall; raised platforms; and
modifications to structural fittings, interceptors and drainage
systems.

5.4. Building adaptive capacity in the Irish commercial seaport
sector

There was generally a positive response and openness towards
capacity building within the maritime port sector. Sixty four of the
interviewees displayed a willingness to participate and contribute
to developing an understanding of how to build adaptive capacity
within their own organisations, in both industry and regulatory
bodies. Only six percent of the sixty four would await national
policy and regulations in advance of any developing proactive
actions on their part. The authors observed a reluctance of a minor
percentage of those interviewees (tenants of landlord ports), to
undertake a proactive approach to capacity building as they be-
lieved the burden of responsibility for such actions rests with the
port landlords.

Key issues to be addressed through capacity building with port
managers were noted as:-

® The need for training and skills to assess risk and vulnerability
within port management organisations

® The need to broaden engagement with the issue of climate
change by harnessing opportunities for continuous personal
development

® The need to introduce scenario planning and modelling cap-
abilities to deal with climate risk and uncertainties

® The need to learn from best practice and to facilitate knowledge
transfer from other ports or other economic sectors

® The need for access to better scientific data and information on
long-term trends in weather and climate

® The need to engage with other stakeholders including the
general public

® The need to include climate change adaptation in strategic
business planning

Bearing in mind a limited understanding and awareness of
climate adaptation, eighty percent of the interviewees considered
that their organisations had sufficient or surplus human capital
and financial resources to deal with capacity building for climate
change adaptation into the future. It was broadly acknowledged
that internal capacity building should be matched with a national
framework policy with mandatory participation, in tandem with
grants to encourage organisational involvement in climate change
adaptation.

6. Discussion
In seeking case studies to review to provide context for the

research into seaports in Ireland, it became apparent that there is
limited information on adaptation to climate change in small to
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medium sized ports in general. A small number of global mega-
ports are leading the way. However progress in general is slow as
the need to build adaptive capacity as well as implementing mi-
tigation is a relatively recent area of focus.

Nevertheless, as seaports are particularly vulnerable to the
impacts of climate change, it is important that progress continues
to be made. Lessons can be learned from the WPCI's [64,65] in-
itiatives relating to raising awareness, and providing a platform for
the maritime sector to enable information sharing; and from port
specific individual case studies where a proactive approach to
climate adaptation was evident. This approach supports the find-
ings of the analysis of the European and global ports identified as
meeting the research criteria of this study. Lessons learned from
these ports, included the importance of stakeholder engagement;
and a need for collaboration between individual ports irrespective
of their competitive position. The proactive approach of ports to
developing adaptation strategies, and individual climate goals was
encouraging; and the long-term benefit of mandatory reporting
was revealed to being potentially significant from a legislative and
regulatory standpoint. The mission of the WPCI remains steadfast,
and the number of member ports, and associate member ports
continues to grow globally.

It is clear from the review of international practice that there is
also variability in the drivers that trigger a response towards
building adaptive capacity. Drivers in the case studies ranged from
legislative drivers (Port of London Authority), drivers concerned
with atmospheric quality (Port of Gothenburg), the need to deal
with extreme vulnerability (as in the case of low-lying Rotterdam),
responding to negative rankings (Port of New York and New Jer-
sey), or impact on operations (Australian ports). There were no
examples of a proactive approach to climate adaptation as a result
of commercial potential arising from more effective or efficient
port operations. It seems as if the link between building capacity
to adapt to climate change is seldom, if ever, grounded on an
opportunity to make long term savings. This could reflect the short
term nature of business planning in ports, which seeks to adapt to
global trends in the distribution of trade on a quarterly or annual
basis.

Disruptions to supply-chain for an island nation such as Ireland
need to be highlighted, to enable ports and businesses to compete
globally. Critical links between safety, health and the environment,
are increasingly visible to the stakeholders following more fre-
quent and extreme storm events and resultant flooding. This helps
to reinforce the climate change message. As a consequence of the
severe weather events in Ireland over the past five years, including
most recently winter of 2015, flood defence management mea-
sures are currently being introduced across the country. The ports
within the study group are particularly vulnerable to the volatility
of powerful Atlantic storms, however, flooding is experienced in all
of the Tier 1 ports, from the catchment or the coast, depending on
environmental scenarios. Flooding is likely to be the primary dri-
ver for port orientated action in response to climate change in
Ireland. The absence of the use of the term ‘climate adaptation
measures’ by those responsible for various hard engineering in-
itiatives such as proposed in the Catchment Flood Risk Assessment
and Management (C-FRAM) programme, highlights the need for
an overarching policy and understanding of the wider con-
sequences of climate change [46].

Not only is every seaport different, with their range of functions
and variability in cargo, but each port faces localised climate risks
from a combination of climate related hazards and vulnerability of
different infrastructures. While there is no single driver that can be
identified as a trigger for action, there is equally no generic solu-
tion for ports.

Emerging from current practice in the case study ports is the
importance of overarching policy frameworks; and the need for

stakeholder engagement in the formulation and implementation
of strategy and policy. Action for adaptation in the international
seaports was consistently undertaken as a result of nested policy
environments. In each case, port authorities had engaged with the
development of adaptation strategies as a result of policy or leg-
islative drivers. This suggests that port managers have yet to be
convinced of the imperative of developing bottom-up approaches
to climate adaptation, possibly because of a gap in understanding
or knowledge of the cost of action versus inaction, or because of
the mismatch in timelines between port, and adaptation planning
and management.

Rather than a commercial and financial focus, the actions of the
Port of London Authority are driven by a need for compliance with
the [59]. The adaptive actions of other ports are linked to national
or regional targets in programmes such as the Climate Strategy of
West Sweden 2009 [3] or the Rotterdam Climate Change Strategy
2013 [53]. Not only is the policy environment a catalyst for action,
it can also be seen from the case studies that the policy frame-
works ensure that adaptation strategies for ports are not delivered
in an isolated or singular fashion. Rather they can become part of a
nested architecture that embeds port strategy into greater urban,
regional or nationally driven initiatives. In the Irish case, the slow
rate of progress in relation to the Climate Action and Low Carbon
Development Bill (2014; 2015) [12,13] means that the knock on
effect of overarching policy and legislation is yet to be felt, in-
cluding in the Port sector.

The steps involved in building adaptive capacity in ports are
linked to access to scientific data and information, coupled with
engagement across multiple stakeholders to assess risk and vul-
nerability. Stakeholder involvement stands out as being central to
the adoption of climate change adaptation measures in ports, as
ports provide a unique opportunity to tap into the tacit knowledge
of port workers, as seen in the Port of London Authority, which is
important when dealing with local environmental specificity. The
success of the Australian seaport resilience project was supported
by a multi-disciplinary engagement with a range of different sta-
keholders’ representative of the scientific community, regulatory
and port authorities, and hinterland industry practitioners. En-
gagement with stakeholders is increasingly part of the modis op-
erandi of well-developed ports. Planning for new port infra-
structure often provides for consultation with relevant stakeholder
groups, but significant capacity has been built, as demonstrated
through the Irish case, through capacity built by ports in com-
plying with Port Environmental Management Systems. The
‘greening’ of ports has helped to transform the way ports engage
with communities, and as such, this inherent capability provides a
stepping stone for building adaptive capacity as the challenge of
climate change becomes an increasingly pervasive issue.

Of particular note in both the UK and Australian context was
the mandatory reporting by owners of major seaports and other
critical infrastructure on their activities relating to climate risk
assessment, and measures identified to manage such risk. Such
reporting measures, done well, with good transparency can be-
come tools for communicating and for building confidence with
regulators and citizens alike.

The approach to the development and implementation of an
overarching policy framework for climate change in Ireland can be
described as piecemeal and slow. This is not dissimilar to the na-
tional approach to coastal zone management [4]. The last National
Climate Change Strategy 2007-2012 [14] action plan expired in
2012; there is no whole of government policy direction on how to
meet Ireland’s fast approaching 2020 targets; and sectorial plans
are being progressed in the absence of progress on the Climate
Action and Low Carbon Development Bill (2014;2015) [12,13]. The
need to integrate adaptation planning and strategies into pro-
grammes and policies of government, as well as stakeholders of
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organisations and institutions across all sectors was highlighted by
the international case studies. This is an issue for Ireland that will
have an impact on progress across the board, including in the Irish
seaport sector.

The research shows that the Irish seaport sector is well-tuned
to the importance of environmental management, and that port
managers are motivated by the importance of good environmental
husbandry to business. Over many years the ports sector has come
to recognise that environmental management is a fundamental
component of good business. Over the last four decades the en-
vironmental movement has been influenced by a blend of public
awareness, regulation, stakeholder engagement, corporate social
responsibility and compliance via new environmental manage-
ment systems. These influences transcend modern port practice.
The question is whether the pathway towards building capacity
for environmental management in ports can provide a stepping
stone for understanding how ports might respond to the issue of
climate change. Discussions with those responsible for providing
major infrastructural projects in recent years, reveal that many
industry stakeholders were actually implementing adaptation
measures (new power plants are built to cater for extra winds and
rainfall; raised platforms as part of new infrastructure; inter-
ceptors incorporated in drainage systems; fixtures and fittings to
an increased structural rating), within their organisational strate-
gies but were not aware of the explicit links with climate
adaptation

Central to this discussion is awareness and understanding of
climate change and the need for appropriate action in the form of
both mitigation and adaptation. It is clear from the research that
there is cause for concern about the level of awareness among
senior port stakeholders of the importance of adaptation to cli-
mate change in particular. There has been little or no proactivity
among Irish ports to date. One exception is the Port of Cork, who
participated as partners in the Coastal Research and Policy In-
tegration (COREPOINT) programme [1,44,45] which laid the
foundations for identifying coastal specific vulnerabilities to cli-
mate change and related issues, and contributed to Climate
Adaptation Strategy for Cork harbour [6,24].

There appears to be a strong appetite to engage in capacity
building to address this issue, and numerous resources can be
brought to bear on such an effort. Of note are the increasing levels
of sophistication in the monitoring of environmental parameters
around ports, and the opportunity to incorporate existing data into
future climate models. Ports are complex systems, including en-
vironmental, economic and social parameters. As such, processes
need to be developed that can deal with all of these interactions to
deliver coordinated risk assessment in tandem with a programme
of communication and awareness to educate stakeholders on
adaptation processes in the seaport sector.

7. Conclusion

Seaports represent critical coastal infrastructure and they are
the frontline for global trade and development. Despite this, little
work has been done on assessing vulnerability, resilience and
building adaptive capacity to climate change. Some ports stand-
out internationally, such as those engaged on the World Ports
Climate Initiative, and lessons can be learned on how such ports
are going about the business of building adaptive capacity. There is
no silver bullet, and some ports remain vulnerable, despite de-
monstrating good practice in policy and practice, as demonstrated
by the impact of Hurricane Sandy on the Port of New York and
New Jersey.

Drivers for climate action among ports vary from dealing with
risk to reputation, port operations and litigation. The need for

overarching policy frameworks emerges as an important pre-
requisite for port managers to initiate stakeholder engagement to
build adaptive capacity. Ports can leverage their increasingly so-
phisticated approach to involving stakeholders in port planning
and management decisions, especially with regards to large scale
port infrastructure projects.

It is apparent from this research that a considerable amount of
work needs to be done with the seaports sector alone, in order to
facilitate a combination of top-down and bottom-up approaches to
building adaptive capacity for dealing with climate change. Ireland
is not atypical. At the national level Irish policy makers are slowly
implementing a range of instruments to comply with European
directives and international protocols. There is need to move to-
wards sector specific guidance and regulation to deal with the
impacts from diverse sectors important to the Irish economy such
as agri-food, ICT and seaports.

A starting point has to be, to address the gap in knowledge and
awareness of climate adaptation across senior port mangers that is
evident in the case analysis from this research. While acknowl-
edging there is substantial work done by port professionals asso-
ciated with WPCI, where topics related to Climate Change are
presented at conferences, directly to its members, this is only the
tip of the iceberg. The institutional culture needs to be taken into
consideration. Ports are motivated by profit as the bottom line.
This leads to conflict between short-term planning and long-term
horizons, however this is no different to many other economic
sectors. Importantly, the study revealed an appetite for increasing
understanding in capacity building from port managers, in-
dustrialists and regulators. This willingness can be leveraged,
alongside the case history of implementing environmental man-
agement systems in the port sector. Capacity building needs to
encompass the full spectrum from technological solutions to be-
havioural and policy approaches to climate adaptation.
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