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INTRODUCTION

Climate change adaptation is highly context specific, so generic adaptation actions 
cannot be adopted without appropriate site-specific investigation. For this reason, this 
research recommends port authorities undertake a location-specific climate risk 
assessment, building on the AS/NZS ISO 31000 Risk Management standard. There 
is not one 'correct' way to deal with climate change assessments, rather there are 
many approaches that could be taken (Dovers 2009; Fünfgeld and McEvoy 2011). 
However, risk management, as described below, is emerging as the most applicable 
method for assessing climate change and identifying adaptation options.   

As ports are operational hubs for the logistics supply chain, it is appropriate for ports 
to undertake an assessment in partnership with key logistics providers and /or local 
governments. While climate change may impact ports locally, it is often disruptions to 
the supply chain and local infrastructure that compound disruptions at the actual port, 
emphasising the need to work collaboratively on a broader climate risk and 
adaptation strategy.  

However, several barriers to climate adaptation have been recognised (Becker 2011, 
IAPH 2011, UKCIP 2007), including inconsistency between organisational planning 
timeframes (5 – 15 years) compared with climate projections of 30 – 90 years; as 
well as the uncertainty of local climate projections leading to decision-makers 
delaying action until there is perceived to be more certainty. To help address these 
concerns, this report proposes a hybrid “risk / vulnerability” approach to 
understanding and adapting to climate change. That is, consideration of current day 
vulnerabilities to extreme weather events, integrated with an assessment of future 
climate risks.  

This guidance document distils some of the key research findings in support of 
decision-making. These insights can inform and strengthen individual port 
assessments, and be used to test assumptions held by ports. The following sections 
outline how this research can contribute to site-specific port risk assessments. 

Climate adaptation can be generically divided into two categories (UKCIP, 2011):  

1. building capacity for future change through awareness raising, skill 
development, data collecting and monitoring and research, and  

2. the implementation of adaptation initiatives such as technological, 
engineering change, planning, design, legal/regulatory, insurance/financial 
measures and management system change.  

Stage 4 of this report outlines some adaptation opportunities for Australian ports 
within these two overarching categories, which have evolved through this research 
project, and which may provoke thought and provide guidance. 
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WHAT IS ADAPTATION TO CLIMATE CHANGE? 

Adaptation is defined by the Australian Government (Australian Greenhouse Office, 
2006) as “actions in response to actual or projected climate change and impacts that 
lead to a reduction in risks or realisation of benefits”. While adaptation to climate 
hazards and risks can be reactive or anticipatory, it is important to note it is not an 
end point in itself, rather, it is an ongoing process. Several studies (UKCIP 2011b, 
AGIC 2010, HM Government 2011) have elaborated on the core principles that 
underpin effective adaptation, these include: 

 Ensure executive understanding and commitment to adaptation  

 Build or secure appropriate technical capability – to undertake climate risk 
assessments, and to assist with implementing adaptation options, and 
ongoing monitoring 

 Work in partnership – climate impacts do not respect borders, working with 
relevant partners contributes to more effective outcomes 

 Understand risks and thresholds – ideally identified and analysed through 
some form of risk assessment process 

 Manage highest priority risks first, in a balanced way with non-climate risks 

 Employ adaptive management principles to cope with uncertainty – that is, 
iterative decision-making, incorporating feedback, and testing / updating of 
assumptions 

 Look for “no/low regrets” and “win-win” adaptation options - those that as well 
as reducing the risks of climate change impacts, help produce other benefits  

 Avoid “maladaptation” – or actions that limit future adaptation options 

 Ensure adaptation is effective, and is reviewed regularly – reducing risks 
without introducing unintended effects 

 Ensure adaptation is efficient – long-term benefits outweigh the costs 

 Adaptation measures are equitable – the effects of different adaptation 
efforts, and the costs should be considered across different groups/sectors 

These principles look to strengthen both the process side of climate risk 
management, for example, ensuring executive understanding and commitment and 
working in partnership; and also look to the outputs and outcomes of the risk 
management process, such as avoiding maladaptation, and ensuring adaptation 
measures undertaken are effective and efficient. All principles are applicable to 
seaports in Australia. 
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MANAGING CLIMATE RISKS USING A HYBRID 
VULNERABILITY / RISK MANAGEMENT APPROACH 

A climate risk assessment should form part of a port’s broader risk management 
process. It identifies the risks to a port of existing and future climate hazards with the 
aim of providing data that enable decisions to be made about how and when to deal 
with hazards. Identifying risk is not a purely quantitative operation; it also involves 
qualitative decisions about the importance of the identified risks and which risks 
should be taken into account.  

All ports will generally operate a risk management system, which may or may not be 
aligned with the AS/NZS ISO 31000 Risk Management Standard. This standard 
provides a structured approach to enterprise risk management. Modifying this 
approach to incorporate current day vulnerabilities to extreme weather events, as 
well as considering future climate impacts to create a “hybrid risk/ vulnerability” 
approach would appear to be suited to ports, in that it addresses two of the key 
barriers to effective climate change adaptation at ports, that of inconsistency in 
planning horizons and uncertainty of future localised climate projections. It has been 
noted (Becker et al 2011, IAPH 2011, UKCIP 2007) that the short organisational 
planning time-frame of between 5 – 15 years, does not facilitate consideration of 
impacts that may not materialise for 30 – 90 years. However, port infrastructure 
generally lasts beyond these short planning timeframes.  Additionally, the uncertainty 
inherent in future climate projections, particularly at the downscaled local level, can 
lead to decision-makers deferring action on climate change until there is perceived to 
be more certainty in projections. Addressing current vulnerabilities, identified through 
a hybrid assessment framework can be one way to overcome this inertia. 

Our recommended approach is underpinned by the risk management process 
outlined in the international standard, AS/NZS ISO 31000:2009 (Figure 1).  The ISO 
standard includes the key steps of:  

 Establishing the context 

 Identifying risks 

 Analysing risks 

 Evaluating risks 

 Treating the risks 

These steps are buttressed by ongoing communication and consultation throughout 
the process, and monitoring and review. This process is traditionally referred to as a 
“top-down” risk assessment process (Jones and Preston, 2011). 

The seaward-side of operations (ship movement and mooring, loading and 
unloading) and the supply chain hinterland (road and rail movement, intermodal 
hubs) were found to be most affected by current climate variability. Continued 
research is needed into the modelling of seaward variables of concern, future 
extreme events and possible consequences, and the impact on wider supply chains. 
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Figure 1: International standard for risk management: ISO 31000: 2009 
(Standards Australia, 2009) 

The key modification to this standard process is the integration of primary data from 
port personnel to determine current “vulnerability” (Figure 2). Jones and Preston 
(2011) refer to this as a “bottom-up” approach. For this project the following 
understanding of “vulnerability” was used: 

‘The degree to which a system is susceptible to, or unable to cope with, 
adverse effects of climate change, including climate variability and extremes. 
Vulnerability is a function of the character, magnitude, and rate of climate 
variation to which a system is exposed, its sensitivity, and its adaptive 
capacity.’ (McCarthy et al. 2001) 

This definition is usefully elaborated on by the Intergovernmental Panel on Climate 
Change (IPCC, 2007), which noted that vulnerability consists of three main elements:  

Exposure to a hazard (for this project, the extent to which a port may be 
subjected to heatwaves, intense rain events, sea level rise and so forth);  

Sensitivity (the degree of negative impact on the port’s human resources, 
infrastructure, and assets); and 

Adaptive capacity (of the port’s human resources, assets and infrastructure 
to manage that impact). 
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Figure 2: Hybrid Vulnerability / Risk Assessment Process for Ports 

The following sections of this report outline the key steps involved as part of a hybrid 
climate risk / vulnerability assessment. There are numerous tools and guidelines 
available to assist ports with this process. This report does not try to replicate those 
guidelines, rather it aims to outline the overarching process and contextualise each 
step by using examples drawn from the case study ports for this project, and from 
existing climate change assessment studies from the international sea ports sector.  
Examples of adaptation plans have been sourced from the United Kingdom, including 
9 Harbour Authorities in England and Wales, the port of New York and New Jersey in 
the USA and Cartagena in Colombia. These public reports provide a substantial 
repository of applied information. 

STAGE 0: GETTING STARTED – EXECUTIVE SUPPORT  

One of the core principles of effective adaptation is ensuring executive understanding 
and commitment to adaptation. While the process of undertaking a risk assessment 
may help build greater understanding and commitment, ideally executive support 
needs to be there at the outset of the assessment and adaptation process. Project 
proponents may need to do some initial research and project scoping to develop a 
sound business case for action.  The importance of ‘champions’ should not be 
underestimated as the involvement of all three case study ports in this study 
highlighted. 
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STAGE 1: ESTABLISH THE PORT CONTEXT  

The impacts of climate change are both direct (for example, a port operation 
experiencing more damaging storms or a higher mean sea level in future years 
compared to current conditions) and indirect (for example, a port operation 
experiencing water shortages as a result of drought affecting regional catchments, or 
electricity failure due to cascading effects on the power system due to extreme hot 
days and nights).  The climate impacts may affect the economic profitability of 
operations, the environmental sustainability of the port, the types of trade goods 
going through the port and thus the functions of the port. Impacts can be dealt with 
on many levels of the port's business, from forward planning and strategic 
governance, through the maintenance regimes of the physical infrastructure to 
human resources management. The impacts may have either a negative or positive 
bearing on the port's business, and there is also a possibility that there will be little 
significant direct impact. 

Initial scoping of the project will determine the key stakeholders to involve through 
the process, and identify whether the port should work in partnership with its local 
government authority, or other members in its supply chain, such as road and rail 
logistics providers, or commercial operators at the port. Working in partnership with 
others is a core principle of effective adaptation. Involving others in the initial risk 
assessment process helps to engage them as part of identified adaptation options 
later. Figure 3 lists the key stakeholders involved as part of the Port of Dover climate 
change adaptation assessment.  

Whether direct or indirect, climate risks are context specific, and a hybrid assessment 
approach requires an understanding of both the current context, as well as 
understanding of the future context for the assessment. This includes defining the 
internal and external parameters to be taken into account when identifying and 
managing risk (Standards Australia, 2009). Internal parameters take into account 
such things as the objectives and scope of activities of the port currently, and for a 
defined period of time in the future, for example, 2050 or 2100. Port of Dover, for 
example, included the organisational structure and function, main shipping activities, 
statutory functions, missions, aims and objectives within its scope (Figure 3).  

At this stage of the assessment, ports need to define the criteria that will be used to 
evaluate the significance of the risk, reflecting the port’s objectives and resources, 
and their tolerance for risk. Evaluation criteria for Port of Dover included financial, 
reputational, service and safety categories (Figure 3). The risk assessment for 
Terminal Maritimo Muelles el Bosque in Cartagena, Colombia, included legal, 
financial, environmental, local community, operational, health and safety, reputational 
and external stakeholder criteria (Stenek et al, 2011).  

For the case study ports of Gladstone Ports Corporation (at the Gladstone site), 
Sydney Ports Corporation (at the Port Botany site) and Port Kembla Port 
Corporation, the scope of the study focused on infrastructure, functional vulnerability, 
and the adaptive capacity of the people working at ports. Therefore, the internal 
parameters considered by this project were: 

 Core operational assets of ports (as part of logistics vulnerability assessment, 
work package 2 – functional resilience of the port environs) 

 Port workforce (investigating adaptive capacity, work package 2 – 
functional resilience of the port environs, section 7).
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 Built infrastructure (as part of materials deterioration analysis, work package 
3 – structural resilience of core port infrastructure)

The research focused on the immediate port environment, rather than assessing 
upstream impacts to the supply chain.  To that end, the onsite built infrastructure 
assets that were considered as part of the engineering analysis for WP3 included 
transport infrastructure (road and rail) and landside infrastructure (berthing structure, 
protection barriers, buildings) in terms of the vulnerability of component materials – 
concrete, steel and timber.  

The functional vulnerability of the ports was investigated through the core operational 
assets, which varied between the different ports. The first stage of the functional 
vulnerability assessment involved compiling an asset register for each of the ports, 
mapping core operational assets (COAs). These were defined as assets directly 
related to the trans-shipment logistics function.  These were grouped according to 
their physical location in the port; land-side COAs, sea-land COAs, or sea-side 
COAs.   

Finally, the people who work at the ports were brought into the assessment through 
consideration of their adaptive capacity to climate risks. Through interviews and 
workshops, enablers of and barriers to adaptive capacity such as skills, 
organisational culture and management systems, were considered. 

External parameters include both climate and non-climate drivers. Analysis for the 
seaports project considered the following non-climate variables (work package 1 – 
understanding future risks, section 7.5.):

 Demographic change, that is, anticipated population growth and the impacts 
of an aging population;  

 Settlement patterns, reflecting largely continuing urbanisation along the 
Eastern seaboard of Australia;  

 Economic change including expected growth in both container imports, and 
bulk materials exports, but volatility in some of the growth exports such as 
agriculture 

 Technological change including the trend to larger and more efficient ships, 
reduction in noxious emissions and automated logistics handling at ports; and 
finally

 Institutional and policy change. 

Where a climate risk assessment breaks from the traditional ISO Risk management 
approach, is that it specifically considers current weather drivers and impacts, as well 
as building in future climate scenarios. Scenario analysis is one of the tools often 
employed as part of climate adaptation assessment and planning. This is a process 
of identifying possible futures (given a set of parameters), and analysing selected 
events given those possible futures. The IPCC climate scenarios, for example, focus 
on the likely level of global greenhouse gas emissions, given a certain set of 
parameters, such as global population change, economic growth and the 
effectiveness of global policies to mitigate greenhouse emissions. This then leads to 
an assumed level of greenhouse gas emissions, and a range of modelled climate 
impacts.  To undertake a climate risk / vulnerability assessment, considering climate 
risks at a point in the future, ports need to select particular future climate scenarios, 
and associated modelled climate variables.  
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Determining the climate information that will be used in the assessment can be as 
simple as choosing ‘off the shelf’ parameters (such as Port of Dover) given by the 
relevant government authority, or as complex as working directly with climate 
scientists on specific 'downscaled' information. However, because of the potential 
complexity and uncertainty of the information, it is always necessary to declare the 
origin of the climate data and the underlying assumptions. 

Figure 3 summarises the context elements considered by Port of Dover. It is taken 
from the Port of Dover Climate Change Adaptation Report (Port of Dover, 2011), 
which responds to a set of UK government directives, and has a clear scope for its 
assessment. It uses "off the shelf" climate information, for a high emissions scenario, 
for the years 2020, 2050 and 2080. 

Figure 3: Contextualising the scope of the assessment 

The ‘Climate Resilient Seaports’ project sourced observed and past climate 
information and its localised impacts from the Bureau of Meteorology for long term 
trends and detailed weather information; the Disaster Database at Emergency 
Management Australia for examples of historically relevant climate 'disasters', and 
first-hand knowledge from the ports.  To determine the particular climate variables of 
most importance to the case study ports, an initial workshop was held with a cross-
section of stakeholders.  Phenomena of particular interest to ports in this study 
related predominantly to their experiences of extreme weather events; intense rainfall 
events, storms (including cyclones) and related storm surges, strong wind gusts, and 
to some extent, fog and heatwaves (Figure 4). Incorporating this ground-up 
knowledge is fundamental to understanding local impacts of extreme weather events. 

Future climate projections were guided by the IPCC scenarios, CSIRO modelling 
(OzClim), state government climate advice, and existing climate change studies 
undertaken by the ports. The IPCC A1FI and A1B climate scenarios for the years 
2030, 2050 and 2070 were used. The CSIRO “climate futures program” identified a 
range of possible climate futures. They included: 
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 “most likely future” using the MRI 2.3.2 model;  

 “hot/dry future”, using the CSIRO MK 3.5 model 

 “cool/wet future”, using the MIROC MedRes model, and finally,   

 “wetter future”, using the MIROC HiRes model. Note, this last model was 
chosen for its inclusion of the “sea-salinity” parameter, which was required by 
WP2, and not present in other models. (work package 1 – understanding 
future risks)

WP2 used the “hot/dry” future, CSIRO MK 3.5 model outputs for the year 2030. 
Within this "future" WP3 were able to access 'days over 35 C and days over 40 C'.

The ports were particularly interested to know how current extreme weather events 
would change in the future, that is, what was the likelihood of increased intensity of 
rainfall, increased intensity of storm events and related storm surges, velocity and 
directional changes of wind, changes in sea level rise and wave behaviour. There 
was additional interest in changes to sea surface temperature, and the engineering 
research team (WP3) were particularly interested in changes in humidity, and salinity 
of local waters. Figure 4 summarises the most important climate impacts identified by 
port stakeholders at a workshop in Sydney, 2011. 

Figure 4: Outcomes from the Sydney stakeholder meeting 
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STAGE 2: IDENTIFY CURRENT VULNERABILITIES AND 
FUTURE RISKS  

The Risk Management standard asks organisations to identify the sources of risk, the 
areas of impact, and their potential consequences (Standards Australia, 2009). The 
Australian Government's Guide to Climate Change Impacts and Risk Management 
suggest businesses “describe and list how climate changes impact on each of the 
key elements of the organisation” (AGO, 2006: 19). A hybrid approach is essentially 
capturing the “bottom-up” or vulnerability led approach, which directs ports to start 
with the identification of known climate impacts using past and current meteorological 
data and local knowledge, as well as the “top-down” or scenario-led approach which 
takes the information from the Global Climate Models and refines it to create 
information at a regional scale. 

Some indicative risks, compiled from the climate risk assessments of nine UK port 
authorities, accessible on the DEFRA website include: 

Table 1: Indicative climate risks for UK ports (DEFRA, 2012) 
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The approach taken by this project was to identify the current vulnerability of core 
operational assets (COAs); specifically their exposure and sensitivity to identified 
extreme weather impacts using a qualitative assessment approach. For each of the 
three ports, the most pertinent “extreme weather events” were identified 
collaboratively with the ports (a group stakeholder workshop, and individual port 
stakeholder conversations). Representatives were then asked to rate the level of 
impact on the asset, using a score of 1 – 5, where 1 represented not at all vulnerable, 
and 5 represented operations ceased for several weeks (work package 2 – 
functional resilience of the port environs). The following Table 2 summarises 
some of the vulnerabilities of the COAs identified for one of the ports. It presents just 
those assets perceived to be significantly or moderately vulnerable (as defined in the 
table). 

Using an agent-based model developed by WP2 for the project, disruptions to or sub-
optimal performance of workflow caused by extreme weather events can be 
modelled and potential future risks identified under different extreme weather event 
scenarios. (work package 2 – functional resilience of the port environs, Section 
6).

Particular weather variable thresholds were identified at each port. There were both 
quantitative and qualitative variables. Quantifiable variables included specific 
temperature thresholds which triggered extra work breaks for the workforce, or stop-
work, and wind speeds that triggered stop-work and machine lock-down procedures. 
Qualitative variables included fog and intense rainfall, that is, there was no recorded 
volume of rain or density of fog that triggered particular work procedures, a 
qualitative assessment was undertaken by personnel during the event.  

In exploring the adaptive capacity of the workforce, WP2 discussed the exposure to 
extreme events, and the sensitivity of the workforce, addressing what systems and 
controls were in place to reduce vulnerability and improve adaptive capacity. This 
was undertaken very much as a “bottom-up” exercise, involving interviews with port 
staff. (work package 2 – functional resilience of the port environs, section 7).

As WP3 was addressing long-term, gradual change (through materials deterioration 
rates of such things as concrete, timber and steel), rather than catastrophic failure 
potential of infrastructure elements, it did not explore the current vulnerability, but 
focused on future risks. These risks were identified by processing a variety of future 
climate scenario parameters through climate linked deterioration models developed 
by the engineering research team (work package 3 – structural resilience of core 
port infrastructure).



14 Enhancing the resilience of seaports to a changing climate 

Table 2: Operational assets vulnerable to climate variables at a case study port 
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STAGE 3: ANALYSE AND EVALUATE RISKS

This research did not undertake a specific risk analysis and evaluation at the case 
study ports, however, it is an important component of the process, and helps to 
embed climate considerations within the broader risk framework of the port. 
Essentially, risk analysis involves developing a deep understanding of the risk, in 
particular how it is likely to affect achievement of the port’s goals, whereas risk 
evaluation determines whether the risk is tolerable by the organisation; that is, is the 
risk significant enough to require action?  

The analysis of risks needs to be determined against the ports’ stated goals; which 
might include profit, efficiency, safety and environmental goals (amongst others). It is 
a process that determines the negative (and positive) consequences of the risks, and 
the likelihood that those consequences will occur. The AS/NZS ISO 31000 standard 
describes the consequence of a risk, as the “outcome of an event affecting 
objectives”, (Standards Australia, 2009) while the likelihood is the chance of 
something happening. To embed climate risks within the broader port risk 
frameworks, the consequence and likelihood scales should be aligned with the port 
risk framework.  Depending on the data available, this analysis may be undertaken in 
a qualitative or quantitative manner. It is a process that is strengthened by bringing 
different people from across the organisation together, so that different viewpoints 
can be incorporated.  

Once climate risks have been analysed to determine their consequence and 
likelihood, they then need to be considered within the suite of organisational risks. 
Tolerance levels may be lower for some types of risk than others, for example, risks 
to health and safety generally are rated highly, as there is a low tolerance for them. 
This process is risk evaluation, and is defined by the AGO as “the process of 
comparing the level of risk against risk criteria (AGO:72).” Risk criteria should have 
been determined as part of the initial context setting process, (see stage 1).  

At the end of stages 1 – 3, ports should have a good understanding of the 
vulnerabilities and risks posed by current and future climate change, and a 
consideration of the relative importance of the different risks, within their 
organisational risk portfolio. Figure 5 provides a sample of a risk register for the Port 
of Sheerness in the UK. It shows the risk, provides a rating of the likelihood that the 
risk will occur, and the severity rating of the consequence of that risk.  The “priority” 
column indicates how important this risk is within the collection of risks facing the 
port. The priority scales are broadly narrative, defined as low (L), medium (M) and 
high (H), and point towards areas of risk for which more detailed analysis is needed.  
A further refinement might define the threshold at which these vulnerabilities become 
a serious problem. 
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Figure 5: A range of analysed and evaluated risks  
(Peel Ports Group 2011: 43-49) 
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STAGE 4: IDENTIFY AND PRIORITISE ADAPTATION OPTIONS 

This step includes answering the questions: what options do we have to adapt; what 
adaptation options will be the most effective; are they cost effective; what timelines 
are involved; and, what is the capacity of the organisation to undertake the identified 
adaptive processes / works? Adaptation options can include large-scale 
infrastructure projects, such as raising the height of berths to accommodate sea-
change, it may relate to behavioural change options as part of an emergency 
management plan, or it could mean diversifying product lines to focus on less climate 
sensitive products.  

Once a port has identified the current and future context, identified vulnerabilities and 
risks, analysed and evaluated them, it is time to identify and assess adaptation 
options to mitigate the highest rated risks, and capitalise on the opportunities. 
Experience has shown that an effective approach to identifying options is to convene 
a cross-organisational group to creatively identify a broad range of options, and then 
go through a process of evaluating the options. For ports, engaging management 
and administrative staff, as well as front-line workers will be important, due to the 
very different perspectives they will bring to the process. The initial process may 
involve a simple brainstorming session, as well as research into options identified 
and implemented by other ports around the world. Ports may then wish to classify 
their options.  

The AS/NZS ISO 31000 standard lists seven generic risk treatment classifications 
(which do not need to be mutually exclusive). These are (Standards Australia, 2009): 

 Avoiding the risk (by deciding to halt, or not start the activity that is at risk) 

 Accepting the risk (perhaps in order to pursue an opportunity) 

 Removing the source of the risk 

 Changing the likelihood 

 Changing the consequence 

 Sharing the risk (particularly through insurance opportunities) 

 Retaining the risk.  

Adaptation guidelines and tools provide numerous ways to classify adaptation 
options, but one rather compact approach suggested by the UK Climate Impacts 
Program (UKCIP) is to consider two overarching classifications: 

 Opportunities to build adaptive capacity, and  

 Implementation of adaptation actions 

Building adaptive capacity to future climate change involves developing the 
organisational ability to respond effectively to climate change challenges. It covers 
such things as awareness raising, skill development, data collection and monitoring 
and research. Implementation of adaptation actions is concerned with taking practical 
steps to reduce vulnerability to climate risks (or develop opportunities). It includes 
technological, engineering change, design and maintenance, planning, insurance 
measures and management system change. 

Within these overarching categories, the core principles can be applied, so that 
options can be categorised according to whether they are: 
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 No regrets – options that will deliver significant benefits that exceed expected 
cost, irrespective of the extent of climate change 

 Low regrets – similar to no regrets options, these options deliver benefits at 
relatively low cost 

 Win-win – options that contribute to enhancing adaptive capacity, while also 
delivering social, economic or environmental co-benefits 

 One-off adaptation – this involves investing in a single, up-front adaptation 
measure that aims to protect against the impacts of climate change over a 
defined period of time 

 Flexible/adaptive management – concerned with applying adaptation 
measures incrementally, allowing the most appropriate decisions to be made 
based on evidence available at the time. 

Figure 6 outlines a range of “no regrets” and “low regrets” strategies at the Terminal 
Maritimo Muelles el Bosque Cartenga in Colombia. 

Figure 6: A list of adaptation strategies (adapted from Stenek et al 2011:177-
179)

The case study ports have already modified behaviour and processes to adapt to an 
altered climate. The actions often emerged through the incremental change of 
management systems such as OHS, environmental or emergency management 
systems. Table 3 outlines some of these actions, classified according to no regrets, 
low regrets, win-win, one-off adaptation or flexible/adaptive management.   
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Table 3: Sample of actions taken by case study ports 

Opportunities to build adaptive capacity 
Several further opportunities to build adaptive capacity were identified through the 
project, covering training for awareness raising and skill development; data collection 
and monitoring, and research.  

In the area of training, six key training opportunities were identified (work package 2 
– functional resilience of the port environs, section 8).
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These covered: 

 Executive risk and climate awareness training specifically targeting executive 
level management at ports, delivered through a recognised and respected 
industry organisation such as Ports Australia. For climate change adaptation 
to be considered in ports, support is needed from executive level 
management. Therefore, management need to have a good understanding 
not only of climate change per se, but a grounded understanding of climate 
change as it relates to their industry, and particularly their organisations. This 
training would be a first step to garnering commitment to climate adaptation 
action, and thus building capacity for future climate change.   

 Strategic futures training, which includes climate considerations, targeting 
executive, senior and middle managers involved in port planning. Scenario 
analysis is one of the tools often employed as part of climate adaptation 
planning. This program would provide managers with the skills to employ 
scenarios in their future planning – for climate and other competitive 
considerations.  

 Training on how to adapt organisational management systems to incorporate 
climate considerations. As most responses to extreme weather events occur 
within the framework of a management system, such as risk or emergency 
management, then developing the skills and knowledge to update and 
improve these systems to take climate considerations into account is a key 
training opportunity for ports. 

 Climate risk management training would help ports build specific skills and 
knowledge in this area, greatly improving their adaptive capacity to climate 
change. There are emerging processes and techniques for undertaking 
climate risk assessments at ports, requiring specific knowledge and further 
training for existing risk professionals.  

 General climate risk awareness training would provide a more generic climate 
awareness training for management, administrative and frontline staff. This 
training would assist staff ground the concept of climate change in their own 
reality, thus helping ports progress adaptive capacity initiatives.  

 Locating and interpreting relevant climate information was identified as a gap 
through the project. This would involve working with specialist port personnel 
to help them identify and find appropriate climate information, interpret and 
analyse the data.   

Before planning for the future, ports need to understand their current vulnerability to 
climate impacts, such as extreme weather events. While the case study ports 
generally collected data on localised extreme weather events, they acknowledged 
that there was little analysis done of these events. They did not cross check OHS 
incidents with the occurrence of extreme weather events for instance, nor did they 
formally record weather related disruptions to ports. Therefore, to help build their 
adaptive capacity to future climate change, gaining a greater understanding of their 
current vulnerability, through data collection and monitoring is a recommended “no 
regrets” strategy to build adaptive capacity.  

Research, particularly collaborative research with partners in the logistics chain and 
city infrastructure managers, would be a further strategy to help bolster adaptive 
capacity at ports. Gladstone port mentioned that as a result of the recent floods, 
collaborative research was being undertaken with the City of Gladstone to better 
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understand the catchment area, water flows and thresholds. This work is intended to 
feed directly into the stormwater drainage system review and upgrade work at the 
port. Port Kembla also participated in their local council’s flood planning risk 
management process, and completed a flood study for the port and surrounding 
environs. Encouraging this form of activity, with support from senior executives, is a 
tangible way of understanding current vulnerability to climate, and building adaptive 
capacity for future climate change. It also helps the port understand the broader 
adaptive capacity of the region and their supply chain. 

Implementing adaptation actions  
Implementing adaptation actions, as already noted, is highly context specific. 
However, through the project, several innovative adaptation actions were identified, 
with further opportunities to improve logistics flow, manage infrastructure lifecycles 
and reduce potential OHS hazards, as additional co-benefits to building climate 
resilience. 

Opportunities identified during the course of the project covering technological, 
engineering, design and maintenance, planning, insurance and management system 
change as shown in Table 4. 
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Table 4: Adaptation opportunities 
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Prioritising adaptation options 
Resource constraints and conflicts will mean adaptation options need to be assessed 
and prioritised. There are numerous financial and non-financial criteria against which 
adaptation options can be assessed. Stemming from the core principles for effective 
adaptation, some of these criteria include: 

 Effectiveness – will the adaptation option achieve the stated objective? 

 Efficiency – will the benefits of the option be greater than the costs? 

 Equitable – the adaptation option should not adversely affect other areas or 
people

 Priority – how high a risk is the adaptation option addressing? High or 
extreme risks should be addressed urgently 

 Costs – this not only refers to the immediate economic costs of the option, but 
also likely ongoing costs, as well as associated social and environmental 
costs 

 Co-Benefits – adaptation options may be able to take advantage of 
opportunities, which lead to environmental, social or economic benefits. 

 Maladaptation – does the option lock in outcomes, and limit future adaptation 
options, or adversely impact on other areas or people? 

Some of the tools that may assist in helping to prioritise adaptation options are: 

 Cost benefit analysis: This is predominantly an economic decision support 
tool. It helps determine if the total monetary benefits of a selected adaptation 
option exceed the monetary costs. It is best used where actions have focused 
objectives and where monetary costs and benefits can be generated.  

 Multi-criteria analysis: Decision support tools that can assist assess benefits, 
where the monetary values are harder to define. They can generally 
accommodate quantitative and qualitative variables.  

 Cost efficiency analysis: A tool to help compare the relative costs and 
outcomes from two or more alternatives. This is also appropriate to use when 
monetary values are hard to determine. 



24 Enhancing the resilience of seaports to a changing climate 

STAGE 5: MONITORING AND EVALUATION 

Monitoring and evaluation essentially looks at three elements: 

Ensuring the analysis and evaluation material is kept current   

 Updated climate information, risks and vulnerabilities may emerge, or 
assumptions challenged. Throughout the risk assessment process, the 
monitoring and review function needs to be aware of, and address these 
changes.  

 As climate adaptation is an emerging field, this function is even more crucial, 
for example, in 2013 the IPCC will be releasing “Representative 
Concentration Pathways” to replace the 2001 Emission Scenarios. This 
updated information will impact the global climate models on which most 
climate risk assessments depend. As time progresses, new models will be 
developed with parameters of particular interest to ports, such as wave 
climate information. New government reports relating to non-climate drivers 
will also be frequently updated, shifting the context for the assessment.  

 A new online tool that is to be released next year, the Australian National 
Data Service “Climate Smart Seaports: Decision Support Tool” will provide a 
portal to much of the relevant information to assist Australian ports undertake 
a high level climate risk assessment for themselves.  

Evaluating progress on activities to build adaptive capacity and adaptation actions 
implemented.  

 Most ports will have a system in place to monitor and evaluate projects, 
programs, and ongoing operations; however, the evaluation of adaptation 
actions is a complex field. Particular challenges for evaluating adaptation 
actions include: 

o Working with uncertainty: Uncertainty is an inherent element of future 
climate risk assessments. As so many factors outside a port’s control may 
change in the future, it can be difficult to assess the effectiveness and 
appropriateness of individual adaptation actions.  

o Long timescales: As mentioned earlier in this report, one of the challenges 
of climate adaptation for ports is that many of the future climate change 
impacts may fall outside the planning horizon of the port, but need to be 
considered now (particularly in the case of infrastructure investments). 
The same challenge exists for monitoring and evaluation; what framework 
do ports need to establish to sufficiently capture and analyse appropriate 
data for future impacts?  Additionally, some actions may have an 
immediate, obvious outcome, such as new coal stockpiling techniques 
tested at Gladstone when intense rains fell. However, the outcomes of 
some initiatives designed to adapt ports to future climate change, may 
only be able to be evaluated at a point in the future. For example, building 
new berths to higher levels to accommodate projected sea-level rise.  

o Problem of attribution: A direct consequence of long timescales for 
implementing adaptation actions can be the issue of correctly assigning 
costs and benefits to a particular adaptation action over time. For ports, 
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where budgets are driven by a business case, this is particularly 
problematic. 

o Defining appropriate measures of success: This challenge encompasses 
both the selection of appropriate metrics for monitoring performance, as 
well as the definition of “success”. A successful adaptation initiative needs 
to encompass the principles outlined earlier, including being equitable, 
efficient and effective. How will unintended impacts be measured to 
determine if the initiative was a “success” for the port, and other 
stakeholders? More research is needed in the area of appropriate 
adaptation indicators for ports.  

o As part of a good monitoring and evaluation process, ports need to 
determine the purpose of the evaluation at the outset. Ongoing learning is 
an important aspect of adaptation, and should be considered at this 
planning stage.  

 Defining what is being evaluated; either adaptive capacity or adaptation 
outcomes should be clearly defined, and integrated into the monitoring and 
evaluation process at the ports.  

Monitoring the process, ensuring it is kept on-track, and implemented on budget.  

 Applying some of the principles for good adaptation, ports can monitor how 
well their adaptation process is progressing, by identifying key process 
milestones. 

CONCLUSIONS

This report has documented a structured framework for seaports to carry out a hybrid 
climate change risk / vulnerability assessment. This enables port authorities (and 
others) to identify their vulnerability to current extreme weather events, and risks to 
projected future climate change impacts. A number of identified tools are available to 
guide ports through this process.  

The key steps in a hybrid risk / vulnerability assessment have been contextualised, 
based on the research undertaken as part of this project, as well as introducing 
information from other climate risk assessments undertaken by ports in the UK, USA 
and Colombia. Figure 7 highlights the different stages of the risk management 
process, project resources which can be accessed in support of activity, as well as 
providing signposts to other external resources. 

Adaptation options were identified for ports, including opportunities to build adaptive 
capacity through training, data monitoring and research; and a range of adaptation 
actions that would require site-specific investigation.  

While climate risk processes are emerging, along with innovative adaptation 
priorities, there still needs to be further research conducted into appropriate metrics 
and indicators to adequately monitor and evaluate adaptation implementation 
outcomes over the long term. 
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Figure 7: Decision support framework 
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