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Abstract 
Climate change poses a significant threat to Ireland, with far-reaching implications for its 
environment, people, and economy. Consequently, proactive measures are important to 
mitigate and adapt to these impacts. This paper analyses potential adaptation options and 
their associated costs and benefits, building upon previous research on the economic 
implications of climate change in Ireland. We examine the current state of climate change in 
Ireland, highlighting the various impacts on different sectors. Subsequently, we present an 
overview of various adaptation measures and their current implementation status. We 
describe the methodologies used to estimate the costs and benefits of adaptation options, 
including cost-benefit analysis, cost-effectiveness analysis and multi-criteria analysis. We then 
estimate the costs and benefits of various adaptation measures in Ireland. Finally, we discuss 
the barriers to implementing adaptation measures, including financial constraints, policy gaps, 
and institutional limitations. 

  



1 Introduction 
Despite international efforts to limit global warming to below two degrees Celsius compared 
to pre-industrial1 temperatures, greenhouse gas (GHG) emissions are still increasing 
worldwide. This increase has resulted in several adverse consequences, including rising 
temperatures and sea levels and more frequent and intense extreme weather events like 
storms, floods, and heat waves (Calvin et al., 2023; United Nations Environment Programme, 
2023). These extreme weather events can cause significant damage to infrastructure, disrupt 
agricultural activities, and destroy ecosystems, leading to economic losses and displacement 
of communities. 

Ireland is already experiencing the impacts of climate change, affecting various sectors such 
as infrastructure and human health (Climate Change Advisory Council, 2022; Desmond et al., 
2017). Climate change is causing altered precipitation patterns, leading to riverine flooding, 
and threatening low-lying areas along rivers (Lincke et al., 2019; IPCC, 2022). This has 
significant implications for urban and rural communities and infrastructure. Also, the 
increased frequency and intensity of storms and storm surges are contributing to the 
heightened risk of coastal flooding, which can impact coastal ecosystems (such as salt 
marshes, mangroves, and dunes) and human settlements (Devoy, 2008; Flood et al., 2020). 
This is particularly concerning given Ireland’s extensive coastline and the fact that many major 
cities and towns are located close to the coast (Flood & Sweeney, 2012). Over the last seven 
years, Ireland has experienced five large-scale storms that disrupted the economy and social 
life and destroyed properties. These storms include Storm Ophelia in 2017, Storm Eleanor in 
2018, and in 2021 storms Darcy, Arwen, and Barra. 

Climate change directly impacts Ireland’s agricultural sector, which is a crucial part of the 
country’s economy and culture (Emmet-Booth et al., 2019). The changing temperature, 
precipitation patterns, and extreme weather events affect crop yields and livestock 
management, increasing farmers’ costs. This, in turn, has implications for food security and 
rural livelihoods. However, some crops like barley and wheat may benefit from climatic 
changes due to the positive effects of CO2 fertilisation (Boere et al., 2019). Furthermore, 
outdoor workers may face occupational heat stress challenges as temperatures continue to 
rise. This could lead to reduced productivity, increased health risks for workers, and 
implications for overall economic output  (Kjellstrom et al., 2014; Dasgupta et al., 2021).  

Moreover, climate change impacts human health in Ireland, including the spread of infectious 
diseases and heat-related illnesses. Vulnerable populations, such as the elderly and those with 
pre-existing health conditions, are at higher risk (Pascal et al., 2013). The changing climate also 
affects air and water quality, leading to respiratory and other health problems (Mirsaeidi et 
al., 2016; Rocklöv & Dubrow, 2020). Besides these, climate change affects the quality and 
availability of ecosystem services, impacts tourism, and influences mental health. Therefore, 

 
1 The term “pre-industrial” refers to the period prior to significant industrialisation. It typically refers to the era 
before the late 18th century, when industrial activities significantly impacted the Earth's climate. 



it is imperative to implement adaptive measures to mitigate these impacts and safeguard the 
health, security, and prosperity of Ireland’s people and ecosystems.  

Climate change adaptation refers to the adjustments made to cope with the actual and 
expected climate changes and their effects. The goal is to minimise harm or take advantage of 
beneficial opportunities (IPCC, 2007, 2014). These adjustments can take various forms, 
ranging from policies, infrastructure, and behaviour modifications to address the effects of 
climate change on economies, ecosystems, and societies (Agrawala et al., 2008). Several 
adaptation options are available, from simple solutions like early warning systems for floods 
and storms to more complex solutions such as sustainable agricultural practices, improving 
infrastructure, and enhancing coastal protection. These options can be broadly grouped into 
soft, grey, and green measures (European Environment Agency (EEA), 2013; Bachner et al., 
2019; Flood et al., 2020). Soft measures comprise information measures such as early warning 
systems. Grey measures are comprised of structural protection, such as flood protection dams. 
Green measures are ecosystem-based measures such as natural flood retention areas or forest 
management. 

Adapting to climate change can bring multiple co-benefits, such as increased food security, 
improved public health, and enhanced ecosystem services (IPCC, 2014; Zusman et al., 2021). 
It can also create new economic opportunities by developing green technologies and new jobs 
that can help build a more resilient and equitable society. In addition, adaptation contributes 
to social justice and equity by ensuring that the consequences of climate change do not 
disproportionately burden the most vulnerable populations.  

Furthermore, adaptation is a critical component of climate change mitigation. While 
mitigation efforts aim to reduce greenhouse gas emissions to minimise the extent of climate 
change, some level of warming is already locked in due to past emissions  (Watkiss, 2007; 
Matthews & Caldeira, 2008; Agrawala et al., 2011). Therefore, adapting to the changing 
climate is necessary to cope with unavoidable impacts. At the same time, efforts must 
continue to mitigate emissions to prevent further warming and reduce the severity of the 
future effects.  

This paper provides an overview of Ireland’s climate change adaptation options and their 
associated costs and benefits. The aim is to provide cost estimates that can support economic 
analysis of adaptation research and decision-making in Ireland. The paper builds on previous 
research by de Bruin et al. (2024) on the economic costs and benefits of the impacts of climate 
change in Ireland. Section 3 reviews the available adaptation options and discusses how they 
are being implemented. Section 4 presents the methods for estimating the costs and benefits 
of the adaptation measures, along with some estimates of costs and benefits. Section 5 
discusses the barriers to implementing adaptation measures, policy, and institutional 
challenges. Finally, section 6 concludes with a summary of key findings and their implications 
for future policy and decision-making regarding climate change adaptation in Ireland.  



2 Climate change adaptation options 
Ireland has been taking proactive steps to address the potential impacts of climate change by 
formulating and implementing various adaptation measures to build resilience against 
changing climatic conditions. These measures are outlined in national policies, such as the 
National Adaptation Framework (NAF) and sectoral adaptation plans. The NAF is a roadmap 
to create a climate-resilient economy and society by prioritising and integrating climate 
adaptation actions into all national policies and plans. On the other hand, sectoral adaptation 
plans are sector-specific strategies that manage climate risks and climate-related hazards 
(Department of the Environment, Climate and Communications, 2018, 2020; Flood et al., 
2020). This section examines these policies and provides an overview of various adaptation 
measures concerning flood risk management, agriculture, health, and biodiversity. The goal is 
to assess the level of adaptation planned and/or being implemented. 

2.1 Flood risk management 
Flood risk management in Ireland is a comprehensive approach that combines engineering 
solutions, natural resource management, policy development, and community involvement. 
The goal is to minimise the impacts of flooding and improve society’s resilience to this 
significant hazard. Critical components of flood risk management in Ireland include: 

Flood risk assessment  

Flood risk assessment involves identifying flood-prone areas, analysing potential flood 
scenarios, and evaluating the consequences of inundation. This includes mapping floodplains, 
assessing river flows, and evaluating coastal vulnerability. 

Flood forecasting and early warning systems  

Here, advanced hydrological models and real-time monitoring are used to predict flood events 
and promptly notify at-risk communities. Such systems are critical in reducing the impact of 
floods by giving residents and authorities sufficient time to implement evacuation plans and 
take protective measures. 

Flood defence infrastructure  

This includes the physical structures built and maintained to reduce the likelihood and severity 
of flooding. These structures include dams, flood walls, and flood barriers. They are designed 
to contain floodwaters, divert flow away from populated areas, and protect critical 
infrastructure such as roads, bridges, and utilities. 

Natural flood management  

Natural flood management involves using nature-based solutions to mitigate flood risk. These 
methods include restoring wetlands, creating floodplains, and reforesting upland areas. Doing 
so slows water runoff, absorbs excess water, and minimises the possibility of downstream 
flooding. In addition, natural flood management techniques contribute to the creation of 
habitats for wildlife and enhance ecosystem resilience. 



Land use planning and floodplain management  

This involves implementing zoning regulations, floodplain development controls, and flood 
risk assessments for planning applications. The primary objective is to incorporate flood risk 
considerations into land use planning decisions. This is done to prevent development in flood-
prone areas and ensure that new developments are robust enough to withstand flooding. 

Community engagement and resilience-building  

This involves educating and training on flood safety, facilitating community flood action 
groups, and promoting measures to enhance community resilience. 

2.2 Agriculture, forestry and seafood 
Various adaptation options are being employed in the agriculture, forestry, and seafood 
sectors to address the challenges posed by climate change. Some of the current adaptation 
measures include: 

Diversification of crops and livestock  

Farmers are reducing their vulnerability to climate variability and extreme weather events by 
diversifying their crop and livestock portfolios. This involves experimenting with new crop 
varieties, adopting drought-resistant crops, and introducing alternative livestock breeds better 
suited to the changing climatic conditions. 

Improved water management 

Farmers are adopting water management techniques to address changing precipitation 
patterns and water availability challenges. These techniques include the implementation of 
rainwater harvesting, improving irrigation efficiency, and managing drainage. By optimising 
water use, mitigating drought risks, and reducing soil erosion and nutrient runoff, these 
measures help to ensure sustainable agricultural practices. 

Adoption of sustainable agricultural practices  

Farmers are increasingly adopting sustainable agricultural practices to enhance soil health, 
biodiversity, and resilience to climate change impacts. These practices include conservation 
tillage, crop rotation, agroforestry, and integrated pest management, which can help improve 
soil fertility, increase crop resilience, and reduce greenhouse gas emissions. 

Climate-smart forestry  

Foresters are implementing climate-smart forestry practices to adapt to changing 
environmental conditions and ensure the resilience and productivity of forest ecosystems. This 
involves promoting mixed-species forests, selecting tree species resilient to climate change, 
and enhancing forest management techniques to improve forest health and resilience. 

Marine spatial planning and ecosystem-based management  

To ensure the sustainable use of marine resources and protect aquatic ecosystems from the 
impacts of climate change, authorities are implementing marine spatial planning and 



ecosystem-based management approaches. This includes designating marine protected areas, 
regulating fishing activities, and promoting habitat restoration and conservation measures. 

Research and innovation  

There is ongoing research and innovation in agriculture, forestry, and marine sectors to 
develop new technologies, tools, and practices that enhance resilience to climate change. 
Researchers focus on climate-resilient crop varieties, forest management strategies, marine 
ecosystem monitoring technologies, and sustainable fisheries management approaches. 

2.3 Health 
The healthcare sector is taking various measures to combat the challenges posed by climate 
change. Some of the adaptation options include: 

Heatwave response plans  

Authorities have developed and are executing heatwave response plans to safeguard 
vulnerable individuals such as the elderly, children, and those with pre-existing health 
conditions from the adverse impacts of extreme heat events. These plans involve issuing 
public health advisories and heatwave warnings and providing cooling centres and access to 
drinking water.  

Air quality management 

This involves implementing measures to improve air quality and reduce the health impacts of 
air pollution, which can exacerbate respiratory and cardiovascular conditions. Additional 
measures include promoting cleaner energy sources, reducing emissions from transportation 
and industry, and implementing air quality monitoring and public health advisories during 
periods of poor air quality. 

Climate-resilient healthcare infrastructure  

The goal is to guarantee that healthcare facilities and services are resilient to climate-related 
hazards like severe weather conditions and power failures. This involves evaluating and 
upgrading healthcare infrastructure, creating emergency response strategies, and ensuring 
the continuity of care during extreme weather events. 

Public health education and outreach 

Conducting public health education and outreach campaigns to raise awareness about the 
health risks of climate change and promote adaptive behaviours. This includes providing 
information on heatwave preparedness, vector-borne disease prevention, and air quality 
management strategies to help individuals and communities protect their health. 

Research and surveillance  

Research and surveillance are conducted to monitor the health impacts of climate change, 
identify vulnerable populations, and assess the effectiveness of adaptation measures. This 
includes epidemiological studies, health impact assessments, and data collection on climate-
sensitive health indicators to inform decision-making and policy development. 



 

 

2.4 Biodiversity 
Various measures are being taken to address the challenges posed by climate change in the 
context of biodiversity management. The options available for adaptation include: 

Habitat restoration and conservation 

This involves restoring degraded habitats, creating wildlife corridors, and protecting critical 
habitats such as wetlands, woodlands, and coastal areas to support biodiversity and 
ecosystem services. These projects are implemented to enhance ecosystem resilience to 
climate change impacts. 

Species conservation and management 

This includes monitoring populations, establishing protected areas, and implementing 
recovery plans for threatened species to protect vulnerable and endangered species from the 
impacts of climate change. The objective is to ensure their long-term survival and resilience. 

Climate-smart land management practices  

This involves promoting climate-smart land management practices such as agroforestry, 
reforestation, and sustainable land use planning to enhance ecosystem resilience and carbon 
sequestration. These practices help improve soil health, water retention, and biodiversity 
while mitigating greenhouse gas emissions and improving ecosystem services. 

Integrated water resource management  

This approach involves restoring rivers and lakes, managing water quality, and regulating water 
abstraction to protect freshwater ecosystems and aquatic biodiversity from the impacts of 
climate change. The objective is to ensure the sustainability of marine ecosystems and 
freshwater resources. 

Research and monitoring  

This includes ecological surveys, biodiversity monitoring programs, and modelling studies to 
assess the impacts of climate change on ecosystems and biodiversity. The aim is to identify 
vulnerable species and habitats and evaluate the effectiveness of adaptation measures. This 
information is used to inform decision-making and adaptive management strategies. 

2.5 Ecosystem-based adaptation 
Ecosystems are crucial in adapting to climate change as they provide services that promote 
human well-being and increase resilience to the impacts of climate change. Ecosystem-based 
adaptation (EbA) is a nature-based technique that involves using ecosystem services to reduce 
vulnerability and increase the resilience of communities and ecosystems to climate change 
(Doswald et al., 2014). Ecosystems support climate change adaptation, including water 
regulation and quality control, coastal erosion and flood protection, carbon sequestration, and 



biodiversity and ecosystem services (Pramova et al., 2012). For instance, forests can regulate 
water flow and quality, reducing the chances of flooding and droughts. Wetlands can absorb 
excess water during heavy rainfall, reducing the risk of flooding and erosion. Coastal 
ecosystems like mangroves and salt marshes can protect against coastal erosion and flooding 
by absorbing wave energy and reducing the impact of storm surges. 

Besides these significant services, ecosystems provide numerous co-benefits supporting 
human well-being and contributing to sustainable development (IPCC, 2014; Zusman et al., 
2021). EbA can promote sustainable land use practices and ecotourism development, 
improving food security and increasing local incomes. It can also help conserve biodiversity 
and cultural heritage, which can have social and economic benefits. 

Although ecosystems are crucial in adapting to climate change, they are often undervalued 
and lack sufficient funding in adaptation planning and decision-making processes (Clark et al., 
2018). This oversight can result in the degradation and depletion of ecosystems, diminishing 
their capacity to provide vital services and exacerbating the impacts of climate change. To 
maximise the benefits of EbA, it is critical to integrate ecosystem considerations into climate 
change adaptation planning and decision-making processes. This involves identifying priority 
ecosystems and services, developing policies and regulations to support EbA, and including 
local communities and stakeholders in implementing EbA initiatives.  In this respect, the 
recently published 4th National Biodiversity Action Plan (NBAP) underscores Ireland’s 
commitment to protecting and restoring its ecosystems, species, and genetic diversity. It 
provides a framework for coordinated action, resource allocation, monitoring, and reporting 
on biodiversity conservation efforts, with the overarching goal of preserving Ireland’s rich 
natural heritage and promoting sustainable development for present and future generations. 

2.6 Adaptation measures in response to climate change impacts 
This section highlights the adaptation measures being implemented or considered in Ireland 
in response to the impacts of climate change.  

Flood Risk Management Plans 

The Office of Public Works (OPW) has developed flood risk management plans for over 300 
communities across the country. These plans include flood defences, emergency response 
plans, and flood forecasting, which serve as a framework for managing the risk of flooding. 
Additionally, the OPW has implemented various measures to adapt to impacts of coastal 
erosion and flooding. These measures include beach nourishment, dune restoration, and the 
construction of sea walls and other protective structures.  

Sustainable Farming Practices 

The Department of Agriculture, Food, and the Marine has introduced several initiatives to 
promote sustainable farming practices in Ireland, including the Sustainable Agricultural 
Production Scheme and the Green Low-Carbon Agri-Environment Scheme. These initiatives 
encourage farmers to adopt sustainable practices such as crop rotation, reduced tillage, and 
agroforestry, which help mitigate the impacts of climate change. 



 

Renewable Energy  

Ireland aims to produce 70% of its electricity from renewable sources by 2030. The country 
has made significant progress towards this target, with renewable energy sources accounting 
for over 40% of electricity generation in 2020. Developing wind and solar energy infrastructure 
has been key to achieving this target. 

Urban Heat Island Mitigation  

Dublin City Council has implemented measures to mitigate the impacts of urban heat islands, 
where the temperature is significantly higher than in surrounding rural areas due to the urban 
heat island effect. These measures include the installation of green roofs, the planting of trees 
and other vegetation, and the development of cool pavements and other reflective surfaces.  

Biodiversity Action Plan 

This plan recognises the intrinsic value of biodiversity and its interconnectedness with various 
aspects of society, including agriculture, forestry, fisheries, tourism, and human health. It 
provides a framework for coordinated action, resource allocation, monitoring, and reporting 
on biodiversity conservation efforts, with the overarching goal of preserving Ireland’s rich 
natural heritage and promoting sustainable development for present and future generations. 

3 Estimating the costs and benefits of adaptation 
options 
When investing in adaptation, it is important to consider the costs, benefits, and trade-offs 
associated with different options. This requires using various evaluation methods and criteria, 
such as efficiency and effectiveness, to assess different adaptation measures based on  the 
agreed objectives. By quantifying the economic implications of adaptation, policymakers, 
stakeholders, and communities can make informed decisions on allocating resources and 
prioritising actions to achieve the most effective and efficient outcomes. This section discusses 
different methodologies, highlighting key steps and considerations used to estimate the costs 
and benefits of various agriculture, flood protection, and health adaptation measures. In 
addition, it draws on several data sources to estimate the costs and benefits of these measures 
in Ireland.  

3.1 Assessment methods 
Different approaches are used to evaluate the potential costs and benefits of adaptation 
options. These include cost-benefit analysis, cost-effectiveness analysis, multi-criteria analysis, 
economic modelling, and expert elicitation (Watkiss, 2009). Each approach has strengths and 
limitations, and it is important to understand their differences to conduct thorough and 
informative evaluations. With this knowledge, decision-makers can choose the most efficient 
and effective adaptation options that align with their objectives. 



3.1.1. Cost-Benefit Analysis 
Cost-benefit analysis is a commonly used approach for evaluating the economic effectiveness 
of measures aimed at adapting to climate change. This method involves assessing the 
monetary costs and benefits of different adaptation options to provide decision-makers with 
valuable insights into potential returns on investment, trade-offs, and the impacts of different 
strategies in enhancing resilience against climate-related risks (Hanley & Barbier, 2009; Chiabai 
et al., 2015; Kuik et al., 2016; Atkinson et al., 2018; Cahill & O’Connell, 2018; O’Mahony, 2021). 
The process includes several key steps: 

1. Identification of Adaptation Options: The first step in conducting a CBA is to identify a range 
of potential adaptation measures that address the impacts of climate change in a specific 
context. This may include investments in infrastructure, policy interventions, behavioural 
changes, and technological innovations to reduce vulnerability and enhance resilience. 

2. Definition of Objectives and Criteria: Clear objectives and evaluation criteria are 
established to guide the analysis. Objectives may include reducing damage from climate-
related hazards, protecting public health, preserving ecosystems, or enhancing social 
resilience. Criteria such as economic efficiency, effectiveness, equity, feasibility, and 
sustainability are used to evaluate the performance of adaptation options. 

3. Estimation of Costs: The costs associated with each adaptation option are quantified, 
including initial investment, operation and maintenance costs, and any additional costs 
incurred over the project’s lifecycle. Costs are categorised into capital, recurrent, and other 
relevant expenditures, with detailed cost estimates obtained from relevant sources such as 
project proposals, financial reports, and expert consultations. 

4. Valuation of Benefits: The benefits of adaptation measures are assessed in terms of the 
avoided or reduced damages, losses, or negative impacts of climate change. These benefits 
are monetised using market prices, replacement costs, or other valuation techniques and 
include avoided infrastructure damages, increased agricultural yields, reduced healthcare 
costs, preserved biodiversity, enhanced ecosystem services, and improved societal well-being. 

5. Discounting: Future costs and benefits are discounted to their present value using an 
appropriate discount rate, typically based on the opportunity cost of capital or social discount 
rate. Discounting ensures that future costs and benefits are appropriately weighted relative to 
present values and facilitates comparison across time periods. 

6. Decision-making: The decision-maker can determine the most economically efficient 
adaptation options with the most significant net benefits after discounting. An adaptation 
option is considered efficient if its net present value (NPV), which is the difference between 
the present value of the benefits and the present value of the costs, is greater than zero 
(United Nations Framework Convention on Climate Change (UNFCCC), 2011). Alternatively, an 
adaptation option is also efficient if it has a benefit-cost ratio (BCR) greater than one or a 
higher internal rate of return (IRR), which is the discount rate that makes the NPV equal to 
zero. BCR is the ratio of the present value of benefits to the present value of costs.  



Cost-benefit analysis (CBA) is attractive as it assesses tangible and intangible benefits, such as 
avoided damages, improved health outcomes, and enhanced ecosystem services. It provides 
a comprehensive understanding of the potential returns on investment. However, CBA has 
limitations in that it may not consider non-market values associated with environmental goods 
and services, social or cultural values, and distributional impacts. This often leads to 
inequitable outcomes, overlooking the needs of vulnerable populations. Furthermore, 
potential important secondary impacts are generally ignored. 

3.1.2. Cost-Effectiveness Analysis 
Cost-Effectiveness Analysis (CEA) is a decision-making tool that helps assess the viability of 
climate change adaptation measures by comparing their costs to selected physical targets. 
Unlike traditional cost-benefit analysis (CBA), which measures benefits in monetary terms, CEA 
focuses on the cost per unit of target achieved, allowing decision-makers to identify the most 
efficient use of resources in achieving adaptation objectives. CEA evaluates adaptation options 
where benefits, including biodiversity and ecosystem services, are challenging to express in 
monetary terms (Balana et al., 2011; UNFCCC, 2011; Atkinson et al., 2018). The process 
involves several key steps: 

1. Definition of Outcome Measures: The initial step in CEA involves defining outcome 
measures or targets that reflect the effectiveness of adaptation measures in achieving their 
intended objectives. Outcome measures may include reductions in vulnerability, increases in 
resilience, improvements in ecosystem services, avoided damages or losses, or other relevant 
indicators of climate resilience. Outcome measures are selected based on the goals and 
priorities of the adaptation process and may vary across different contexts and sectors. 

2. Estimation of Costs: The costs associated with each adaptation measure are quantified, 
including initial investment, operation and maintenance costs, and any additional costs 
incurred over the life cycle of each option. Costs are categorised into capital expenditures, 
recurrent costs, and other relevant expenditures, with detailed cost estimates obtained from 
project proposals, financial reports, and expert consultations. Costs are typically expressed in 
monetary terms to facilitate comparison across different options. Like CBA, all costs are 
discounted to their present value using an agreed discount rate. 

3. Measurement of Effectiveness: Adaptation measures are evaluated based on their 
effectiveness in achieving the defined outcome measures. Effectiveness may be assessed using 
quantitative or qualitative indicators, such as changes in vulnerability indices, ecosystem 
health improvements, disaster risk reductions, or other relevant metrics. Data on effectiveness 
are collected through monitoring, evaluation, and performance assessments conducted 
during or after the implementation of adaptation measures. 

4. Calculation of Cost-Effectiveness Ratios: Cost-effectiveness ratios are calculated for each 
adaptation measure by dividing the total costs by the achieved outcomes. Cost-effectiveness 
ratios represent the cost per unit of outcome achieved and provide decision-makers with a 
standardised measure of efficiency. Measures with lower cost-effectiveness ratios are 
considered more efficient, as they achieve greater outcomes relative to their costs. 



CEA is a useful method to compare different adaptation options when it is not possible to 
quantify benefits in monetary terms. It helps identify the most cost-effective option to achieve 
a specific objective. However, CEA alone may not provide a complete decision-making tool as 
it only considers benefits in one dimension, such as cost-effectiveness. Other important 
factors such as equity, feasibility, and co-benefits should also be considered when selecting 
the best option (UNFCCC, 2011). 

3.1.3. Multi-Criteria Analysis 
Multi-criteria analysis (MCA) is a technique used for decision-making that simultaneously 
considers several criteria or goals to evaluate climate change adaptation strategies. Each 
criterion is given a weight, and an overall score is calculated for each adaptation option using 
these weights. The adaptation option with the highest score is selected. MCA provides an 
alternative way to evaluate adaptation options when only partial data is available, cultural, 
and ecological factors are difficult to quantify, and monetary benefit or effectiveness is not the 
only consideration (de Bruin et al., 2009; Balana et al., 2011; UNFCCC, 2011; Atkinson et al., 
2018; Flood et al., 2020). 

MCA involves several key steps, beginning with the identification of criteria and objectives. 
This involves identifying a set of criteria and objectives that stakeholders consider important 
for evaluating adaptation measures. These criteria may include economic efficiency, 
effectiveness, equity, social justice, environmental sustainability, feasibility, and stakeholder 
preferences. Objectives are defined based on the goals of the adaptation process and may 
vary depending on the context and priorities of decision-makers. 

The second step involves the weighting of criteria. Stakeholders assign weights to each 
criterion to reflect their relative importance in decision-making. Weighting is typically done 
through consultation and deliberation among stakeholders, considering their values, 
preferences, and expertise. Techniques such as surveys, workshops, and interviews may be 
employed to ensure that diverse perspectives are adequately represented in the weighting 
process. 

The third step is evaluating adaptation options. Adaptation measures are evaluated against 
the defined criteria using qualitative or quantitative assessments. Adaptation options are 
scored or ranked for each criterion based on their performance, with higher scores indicating 
better alignment with the objectives. Decision support tools, such as scoring matrices, 
decision trees, or analytical hierarchy processes, may be used to facilitate the evaluation 
process and ensure transparency and consistency. 

The fourth step is the trade-off analysis. MCA allows for exploring trade-offs between different 
criteria and objectives, recognising that achieving one objective may entail compromising 
another. Decision-makers examine how adaptation options perform across multiple criteria 
and identify potential trade-offs or synergies between them. Sensitivity analysis and scenario 
testing can help assess the robustness of the results and explore alternative decision pathways 
under different conditions. 



The final step is integrating stakeholder preferences. MCA facilitates this by ensuring that 
adaptation measures reflect the needs and priorities of diverse stakeholders. Stakeholder 
engagement activities, such as focus groups, stakeholder workshops, and participatory 
decision-making processes, are essential for eliciting preferences, building consensus, and 
fostering ownership of the outcomes. 

The MCA approach is a structured framework that promotes stakeholder engagement and 
consensus-building in decision-making. This participatory method enhances the legitimacy 
and acceptability of the selected adaptation strategies, resulting in greater support and buy-
in from stakeholders. However, the method has challenges, such as assigning weights, 
especially when the number of criteria is large and diverse. In addition, the subjectivity in 
weighting criteria and scoring alternatives may introduce biases and uncertainties into the 
decision-making process, leading to inconsistent or subjective outcomes. 

3.1.4. Expert elicitation 
Expert elicitation is a method that is used to gather and combine expert judgment and 
knowledge to estimate the costs and benefits of climate change adaptation measures. This 
method involves seeking input from people or groups with relevant expertise in climate 
science, economics, engineering, and other fields. Expert elicitation provides valuable insights 
and informed estimates when empirical data is limited or uncertain (Morgan & Henrion, 1990; 
Morgan & Keith, 1995; Zickfeld et al., 2007; Hagerman et al., 2010). The approach involves the 
following key steps: 

1. Selection of Experts: Experts are selected based on expertise, experience, and knowledge 
relevant to the specific adaptation measures under consideration. Experts may include 
scientists, policymakers, practitioners, and other stakeholders with domain-specific 
knowledge of climate change impacts, adaptation strategies, economic valuation, and risk 
assessment. Interdisciplinary panels of experts are often convened to ensure diverse 
perspectives and comprehensive coverage of relevant topics. 

2. Elicitation of Expert Judgment: Experts are engaged through structured elicitation 
processes, such as workshops, surveys, interviews, or Delphi techniques, to elicit their 
judgment, opinions, and estimates regarding the costs and benefits of adaptation measures. 
Elicitation methods may vary depending on the complexity of the adaptation measures and 
the availability of data. Experts are asked to provide quantitative estimates, qualitative 
assessments, or probability distributions based on their knowledge and expertise. 

3. Integration of Expert Responses: Expert responses are aggregated and synthesised to 
derive consensus estimates or distributions of costs and benefits for each adaptation measure. 
Statistical techniques, such as Bayesian updating, weighted averaging, or meta-analysis, may 
be used to combine individual expert judgments and account for uncertainties and variability 
in the estimates. Consensus-building techniques are employed to resolve disagreements and 
reconcile divergent viewpoints among experts. 

4. Validation and Sensitivity Analysis: The validity and robustness of expert estimates are 
assessed through validation against empirical data, comparison with alternative sources of 



information, and a sensitivity analysis to test the impact of different assumptions, expert 
opinions, and uncertainties on the results. Sensitivity analysis helps identify influential factors 
and sources of uncertainty that may affect the reliability and credibility of the estimates. 

Expert elicitation is useful for gathering insights from various sources, such as scientists, 
practitioners, and policymakers. This allows for a comprehensive understanding of complex 
issues and can help overcome data limitations and uncertainties (Usher & Strachan, 2013). 
Decision-making processes can be more robust by combining expert judgments with 
qualitative insights to create quantitative analyses. However, expert elicitation is not without 
its limitations. It is prone to bias and subjectivity due to personal experiences, cognitive biases, 
or group dynamics that may influence expert judgments. Furthermore, eliciting and 
synthesising expert judgments is often not well-documented or standardised, leading to a lack 
of transparency and reproducibility. 

3.2. Estimates of costs and benefits 
This section draws on several data sources to estimate the costs and benefits of various 
adaptation measures in Ireland. These sources comprise economic and (bio)physical models, 
peer-reviewed, grey, and technical literature. The cost and benefit estimates provided in this 
section are mainly indicative since the precise numbers may vary significantly, depending on 
various factors like the size and scale of the adaptation project. However, these estimates offer 
helpful information for adaptation planning and policy discussions. 

3.2.1. Coastal and river flooding 
Strategies for adapting to coastal and river flooding can be classified into three categories: 
protection, retreat, and accommodation (IPCC, 2007; Agrawala et al., 2008; Dottori et al., 
2020; Vousdoukas et al., 2020). Protection aims to shield these areas from flooding by 
constructing physical structures like floodwalls and nature-based measures like mangrove 
planting and floodplain restoration. Retreat strategies involve moving or abandoning 
development in high-risk or flood-prone areas that are no longer safe to inhabit. This may 
involve voluntary buyouts of at-risk properties, managed relocation of infrastructure and 
communities to safer locations, or restoring natural habitats to create buffer zones between 
the sea and development. Accommodation involves accepting and adapting to rising flood 
risks by adjusting land use and development practices to reduce vulnerability to erosion and 
flooding. This may include designing buildings and infrastructure to be more resilient to 
flooding, implementing setback policies to limit development in high-risk areas, and creating 
green spaces that absorb floodwater. 

Most studies that analyse the costs and benefits of coastal and river adaptation measures use 
impact assessment models such as DIVA, FUND, and LISFLOOD (Tol & Anthoff, n.d.; Hinkel and 
Klein, 2009; Alfieri et al., 2016a, 2016b). These models aim to minimise the total costs of 
climate change by considering the costs of adaptation and the residual damages caused by 
floods or wetland loss. In simpler terms, the benefits of proposed adaptation measures are 
expressed as a reduction in the risk of floods or “expected annual damage” (EAD). Table 1 
presents benefit-cost ratios (BCR) and percentage EAD reduction for four river flooding 
adaptation measures under two climate scenarios in Ireland. The results indicate that 



investing in flood adaptation measures may be economically desirable, with BCR exceeding 
one for all adaptation measures. Among the measures, damage reduction measures for 
buildings and the building of retention areas to store flood waters have the highest BCR, 
indicating that implementing these measures can effectively lower impacts in Ireland. For 
coastal flood adaptation measures, a study conducted by Vousdoukas et al. (2020) estimates 
that protecting Irish coastlines will bring benefits that far outweigh the costs, with benefit-to-
cost ratios of 6.1 and 7.9 under moderate and high emission scenarios, respectively. 

Table 1. Benefit-cost ratio (BCR) values and % Expected Annual Damage (EAD) reduction 
for river flood adaptation measures. 

Adaptation measure SSP1-RCP2.6 SSP2-RCP4.5 
 BCR EAD 

reduction 
BCR EAD 

reduction 
Protection 1.7 36% 2.6 38% 
Building of retention areas to store flood 
waters 

2.2 64% 2.7 67% 

Retreat 1.3  29% 1.3  30% 
Damage reduction measures for buildings 5.6  50% 5.7  50% 

Source: Based on Ward et al. (2017), Lincke et al. (2019), and Dottori et al. (2020), the BCR values represent the total 
discounted costs and benefits from 2020 to 2100. 

The Coastal Impact and Adaptation Model (CIAM) is a global modelling tool aimed at 
estimating costs and adaptation strategies for coastal segments.  It subdivides the coastlines 
of the world (excluding Antarctica) into over 12,000 linear segments of varying lengths. These 
segments are associated with physical, ecological, and socioeconomic parameters, allowing 
for a comprehensive analysis of their impacts. The model includes 29 unique coastal segments 
within Ireland. 

Table 2 displays the CIAM model estimates for Ireland of gross damages (i.e. total damage 
costs in the no adaptation scenario), residual damages (total damage costs in the optimal fixed 
adaptation scenario) and adaptation costs (relocation and protection costs) in the optimal 
fixed adaptation scenario (Diaz, 2016). These estimates reflect the high damage reduction 
potential of coastal protection where the adaptation levels reflect the fraction of gross 
damages that can be reduced through adaptation which varies between 0.81 and 0.90. The 
benefits of adaptation far outweigh the cost with an approximate BCR of between 23 and 75.   

Table 2. Adaptation estimates from the CIAM model in billions (US$ 2010) 

 2050 2100 
RCP2.6 RCP4.5 RCP8.5 RCP2.6 RCP4.5 RCP8.5 

Relocation costs 0.04 0.05 0.07 0.06 0.05 0.08 
Protection costs 0.02 0.02 0.03 0.03 0.03 0.04 
Residual 
damages 0.33 0.42 0.55 0.58 0.71 0.97 
Gross damages 2.00 2.31 2.85 4.58 7.03 7.11 
Adaptation level 0.83 0.82 0.81 0.87 0.90 0.86 
BCR 28 25 23 47 75 47 



Source: CIAM model based on Diaz (2016).  

3.2.2. Agriculture 
Agricultural adaptation measures can be broadly categorised into farm and public (Agrawala 
et al., 2008; Fankhauser, 2010). Farm-level adaptation includes actions by individual farmers 
or farm operators, such as diversification of production, adjusting the timing of operations, 
irrigation, and regulating input use like fertilisers. These measures are relatively low or no-
cost. On the other hand, public-level adaptation refers to broader policy interventions, 
support programs, and infrastructure investments implemented by national and regional 
governments. These measures are aimed at supporting farmers in adapting to changing 
climatic conditions. Public-level adaptations complement farm-level adaptations and include 
public goods like research on drought-resistant crop varieties and climate forecasts. However, 
these measures often require substantial financial resources. 

Estimating the cost of agricultural adaptation measures is challenging because most studies 
focus on farm-level adjustments, which are assumed to entail low or no cost. Studies that 
provide cost estimates of public-level adaptation measures focus on investments in physical 
capital like irrigation infrastructure, research in drought-resistant seed varieties, and 
agricultural extension (McCarl, 2007). However, these estimates vary widely as they depend 
on factors such as location and scale.  

Using simplified assumptions and several data sources, including available data from 
government reports and expert opinions, unit cost estimates are provided for some 
adaptation options in Ireland’s agriculture. To indicate the level of uncertainty in our 
estimates, both lower and upper bounds are provided.  

1. The cost of crop diversification may range from €100 to €500 per hectare for purchasing 
seeds of resilient crop varieties or implementing crop rotation practices. 

2. The cost of soil conservation measures, such as cover cropping or reduced tillage, may range 
from €50 to €500 per hectare. 

3. The investment cost in irrigation infrastructure can range from €2,000 to €10,000 per 
hectare for drip irrigation systems, depending on the complexity of the system and the size of 
the area to be irrigated. 

4. The cost of insurance premiums may range from €50 to €500 per hectare per year 
depending on factors such as the level of coverage, the perceived risk, and the insurance 
provider. 

5. The cost of investing in climate-resilient infrastructure (such as greenhouses or windbreaks) 
may range from €5,000 to €100,000 per hectare, depending on the scale and complexity of 
the project. 

6. The cost of investment in research and development may range from tens of thousands to 
millions of euros, depending on the scope and duration of the project. 

Studies have shown that implementing agriculture adaptation measures can result in 
increased productivity, reduced risk of crop failure, and improved resilience to climate change. 



The available literature suggests that implementing adaptation measures at the farm level can 
result in significant benefits. However, the magnitude of these benefits varies based on factors 
such as the region, crop, and the level of climate change. Most studies employ crop impact 
models to demonstrate that changes in farm management practices can significantly offset 
projected declines in yield. Estimates of these benefits range from 23% to as high as 200% (Tan 
& Shibasaki, 2003; Agrawala et al., 2008). 

3.2.3. Health 
Estimating the costs and benefits of health adaptation measures is a complex task. One of the 
reasons for this complexity is the challenge of distinguishing between the components of 
investing in public health infrastructure needed to address climate change and those required 
due to social and demographic trends (Chiabai et al., 2015). However, unit cost estimates are 
provided for some health adaptation measures in Ireland based on simplified assumptions, 
available data from government reports, and expert opinions. To indicate the uncertainty 
margins of the estimates, lower and upper bounds are provided.  

1. The cost of implementing heatwave response plans, including public health advisories, 
cooling centres, and outreach campaigns, can range from €1 million to €5 million per year, 
depending on the scale and scope of the program. 

2. The initial investment required to retrofit healthcare facilities to withstand extreme weather 
events and power outages and develop emergency response plans can range from €20 million 
to €100 million, with ongoing maintenance costs of €1 million to €5 million per year. 

3. Strengthening surveillance systems for vector-borne diseases and implementing control 
measures, such as mosquito control programs and public education campaigns, could require 
an investment of €500,000 to €2 million annually. 

4 Barriers to implementation 
Ireland has taken significant steps in developing adaptation strategies to tackle the challenges 
posed by climate change. However, putting them into action is not a simple task. This section 
investigates the obstacles that prevent the effective implementation of adaptation measures 
across different sectors in Ireland. The aim is to identify the significant challenges, gaps, and 
obstacles that must be overcome to promote greater resilience and sustainability in a 
changing climate. 

4.1 Identification of barriers 
Adaptation measures are essential for addressing the impacts of climate change. However, 
several barriers can hinder their implementation. Identifying these barriers is crucial for 
developing effective policies and practices for adaptation. This section will discuss the main 
obstacles that can hinder the implementation of adaptation measures in Ireland. 

1. Lack of awareness is one of the primary barriers to implementing adaptation measures. 
Many stakeholders, including policymakers, businesses, and the public, may not fully 



understand the risks of climate change and the benefits of adaptation. This leads to a lack of 
political will and insufficient funding for adaptation initiatives. 

2. Limited resources can be a significant challenge to implementing adaptation measures. It 
can require significant financial and technical resources, which are often unavailable or 
insufficient. This can be particularly challenging for small and medium-sized enterprises, local 
communities, and vulnerable groups, which may lack the financial and technical capacity to 
implement effective adaptation measures. 

3. Institutional and legal barriers can also hinder the implementation of adaptation measures. 
Complex regulatory frameworks, conflicting mandates, and institutional fragmentation can 
impede stakeholder coordination and collaboration, making it challenging to develop and 
implement effective adaptation policies and practices. 

4. Lack of data and information is another significant challenge to effective adaptation 
planning and decision-making. In many cases, the data and information necessary to develop 
and implement adaptation measures may be incomplete, outdated, or unavailable, making it 
difficult to assess the risks and identify the most effective measures. 

5. Resistance to change can also be a significant barrier to implementing adaptation measures. 
Stakeholders may resist changes in business practices or land use patterns or may be reluctant 
to adopt new technologies or approaches, particularly if they perceive these changes as costly 
or disruptive. 

4.2 Policy and institutional challenges 
To implement effective climate change adaptation measures in Ireland, several policy and 
institutional challenges need to be addressed. One of the most significant challenges is the 
need for constant coordination and integration of climate change adaptation policies across 
different sectors and levels of government. This requires a whole-of-government approach 
that engages multiple stakeholders, including national and local governments, private sector 
actors, civil society organisations, and communities. 

Another challenge is ensuring adequate funding and resources for developing and 
implementing climate change adaptation measures. This includes funding for research, 
monitoring, and evaluation of adaptation strategies and funding for implementing adaptation 
measures. 

Furthermore, addressing climate change adaptation also requires addressing social and 
economic inequalities and promoting social justice. Vulnerable populations, such as low-
income communities, and marginalised groups, are likely to be disproportionately affected by 
climate change impacts. Therefore, it is crucial to ensure that adaptation policies and 
measures are inclusive and equitable and that the voices and perspectives of these groups are 
heard and considered in decision-making processes. 

Institutional capacity building is also important to support effective climate change adaptation 
in Ireland. This includes building the capacity of government agencies, civil society 
organisations, and communities to understand and respond to the complex challenges of 



climate change adaptation. Capacity building can also involve developing new skills and 
knowledge, strengthening networks and partnerships, and promoting collaboration and 
knowledge-sharing across different sectors and levels of government. 

Finally, effective climate change adaptation requires continuous learning and adaptation. This 
means regularly monitoring and evaluating the effectiveness of adaptation measures and 
adjusting them as needed to ensure they remain relevant and effective over time. It also 
involves learning from best practices and experiences from other countries and sectors and 
incorporating this knowledge into Ireland’s climate change adaptation policies and practices. 

5 Conclusion 
This paper analyses climate change adaptation options and their economic costs and benefits, 
aiming to provide cost estimates that can support economic analysis of adaptation research 
and decision-making in Ireland. It also highlights the challenges and opportunities of adapting 
to a changing climate. 

The paper suggests that investing in flood adaptation measures is crucial. Damage reduction 
measures for buildings and construction of retention areas are highly cost-efficient and have 
significant potential to mitigate future damages and losses. The paper also offers cost 
estimates for different agricultural and health adaptation measures, emphasising the 
importance of proactive investment in safeguarding key sectors from the impacts of climate 
change.  

It is essential to understand that the cost estimates provided in the paper are relatively 
conservative, as not all cost categories are included in the estimation. Therefore, they should 
be used with caution and with some room for error. Moreover, the paper identifies barriers to 
implementing adaptation measures, including financial constraints, policy gaps, and 
institutional limitations. This underscores the need for sustained collaboration, innovation, 
and knowledge sharing to overcome these obstacles and facilitate effective adaptation 
planning and implementation. 

Overall, the paper contributes to building a more resilient and sustainable future for the 
country in the face of climate change uncertainties. By highlighting the economic implications 
of adaptation options and identifying pathways for overcoming implementation barriers, it 
provides a good foundation for continued research, monitoring, and action. This will be 
essential to enhancing Ireland’s adaptive capacity and ensuring the well-being and prosperity 
of its citizens in a changing climate. 
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