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Global warming is causing dramatic changes to climate and weather systems around the world. Human
activity has increased greenhouse gas emissions, leading to more frequent and intense extreme
weather events and rising sea levels, as well as more gradual, but devastating, long term, irreversible
shifts in seasons, more variable weather and warmer seas.

While the island of Ireland has already experienced extreme temperatures and floods in recent years,
it is also exposed to cross-border and cascading risks triggered by climate change impacts beyond its
borders. Until recently, these so-called fransboundary climate risks have largely been neglected in
the scientific and political discourse on climate change adaptation.

Adaptation to climate impacts has usually been framed as a local concern. In policy circles, it is
regarded as matter for vulnerable countries in the global south. Yet in recent years there has been
a rude awakening among governments and businesses as global supply chains have been increas-
ingly being disrupted by heatwaves, droughts, storms and floods, as well as geopolitical events. The
fact that transboundary climate risks are going to increase over time has serious repercussions for
social cohesion, the economy and environment on the island of Ireland. Cross-border thinking is well-
established in Ireland; the challenge is to embed climate resilience in existing processes and to act
strategically in the face of new risk horizons.

Several countries have begun fo consider the systemic and cascading dimensions of climate risks in
their adaptation planning. Ireland has now started that process. The Environment Protection Agency’s
recently published report on transboundary climate risks described how climate risks propagate
through different pathways to adversely affect ecosystems, economies and wider society on the island
of Ireland. The report’s authors called for further research to better understand the most prominent
transboundary climate risks. They also highlighted the need to understand how governance struc-
tures and public policies could be most effectively leveraged to manage these risks and enhance
systemic resilience.

The current study was commissioned by the Irish Climate Change Advisory Council to further explore
transboundary climate risks in three specific areas: agriculture and food security, infrastructure and
trade, and biophysical systems and ecosystem services. It considers risks that cascade from beyond
the island’s shores, as well as those that cross internal jurisdictional borders. It draws on a literature
review, as well as consultation with government officials and experts from national authorities (see
Section 2).

The study identifies and assesses 17 tfransboundary climate risks with potentially serious ecological,
economical and societal repercussions for the island of Ireland (see table of risks below). It is not a
comprehensive risk assessment but uses an assessment methodology based on likelihood and mag-
nitude o rank severity (see Section 2). The policy landscape relevant to each risk is described in the full
report. Here we summarise the top risks and key policy recommendations.

Transboundary climate risks to agriculture and food security

The study identified three transboundary climate risks relating to agriculture and food security. The
risk of cost-of-living crises and reduced food affordability, due to the impacts of climate change on
agriculture supply chains globally, is rated most severe among the three. However, the study also
found there to be a moderate risk to nutrition security caused by volatile supply chains for fresh fruit
and vegetables, which would disproportionately affect low-income and vulnerable households. These
transboundary climate risks stem from the increasing frequency and severity of floods and droughts
(amplified by existing water stress) on crop yields in climate-vulnerable agriculture regions around
the world, including southern Europe, as well as the impacts of extreme weather on global logistics
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operations. Climate-related disruptions to supply chains for animal feed were found to present a
moderate risk to Ireland’s dairy and beef sectors, with implications for farming and food sector jobs
and export revenues.

Transboundary climate risks to infrastructure and trade

The study highlighted the cross-border and cascading effects of supply chain disruptions in key man-
ufacturing countries. These risks result from — or are exacerbated by - extreme weather impacts on
critical transport and other built infrastructure, with economy-wide consequences. Due to Ireland’s
high dependence on international frade, and the prominent role of global finance in the Irish economy,
the island faces moderate risk particularly to critical raw materials supply chains and foreign direct
investments, which could result in diminished tax revenues from affected multinational corporates
in the long term. The lack of economic diversification renders Ireland particularly vulnerable to these
transboundary climate risks; public policies that support greater industrial specialization are likely fo
make things worse.

Disruptions caused by climate change to supplies of medicines and other pharmaceutical inputs
present a particularly high risk to business operations, jobs and export revenues in the pharmaceu-
tical industry in the Republic of Ireland - considering the sector’s sizable role in the economy. This
risk was also found to be moderate for Northern Ireland. The island of Ireland also faces moderate
risk from shortages of essential medicines and other drugs, which could be particularly dangerous if
coinciding with pandemic outbreaks or significant rises in infectious diseases and other ailments that
are expected to increase as the climate changes. Risk to businesses, jobs and export revenues due to
intra-island trade disruptions from climate change were considered relatively low.

Another sector that is highly vulnerable to climate-related supply chain disruption is the energy sector.
Critical minerals price shocks, or shortages, could undercut efforts by authorities in both jurisdictions
to meet their emission reductions targets, with long-term consequences for energy security on the
island of Ireland. Climate-related damages to existing energy production facilities, storage and
transmission networks abroad could potentially compromise energy supplies to the island of Ireland,
although this risk was assessed as relatively low. However, industrial policy ambitions to boost foreign
direct investment into data centres could potentially exacerbate transboundary climate risks to energy
security, due to the resulting increase in energy demand.

Transboundary climate risks fo human mobility could also affect the tourism sectors on the island, but
the consequences are likely to be short-lived, with negligible effects on the overall economy.

Transboundary climate risks to biophysical systems and ecosystem services

Climate change is causing dramatic geographical shifts in the distribution of plant and animal species.
It is also driving the proliferation of invasive species and infectious diseases all over the world. The study
identified five risks relating to these developments. Among them, the risk to the island’s ecosystem
and biodiversity was found to be of greatest severity.

The impacts of invasive species and infectious diseases on productivity in the agriculture, aquaculture
and fishery sectors were assessed as posing moderate risks due to high potential costs, given the
importance of these sectors to the islands’ economies. Such dynamics are also likely to pose a threat
to the forestry sector. The transboundary consequences of increased infectious disease proliferation
were also found to present a moderate risk to public healthcare systems on the island of Ireland,
particularly as a result of increased cardiovascular and respiratory disorders; a risk that the authors
deemed insufficiently understood and appreciated.

Two risks were also identified relating to the environmental and socioeconomic consequences of climate
change impacts on transboundary river basins and the ecosystems services they provide. These were
considered relatively minor at present, based on the evidence reviewed.
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Existing policy landscape and actions needed

Transboundary climate risks have only recently emerged on policymakers’ radars. Among risk profes-
sionals, they present a serious and growing concern.

The material impact of transboundary climate risks will be determined by the governance structures,
policies and interventions that are in place to enhance resilience in Ireland. Both jurisdictions acknowl-
edge transboundary climate risks in their national risk assessments and adaptation frameworks.
However, current policies and practices are inadequate.

There is a major gap in understanding what is at stake. The role of existing policies in exacerbating the
island’s exposure to these risks is not fully appreciated. Even more worryingly, the ownership of risks
resulting from transboundary climate impacts is unclear: it tends to fall beyond the remit of most tradi-
tional “adaptation” actors, and yet it is not sufficiently claimed by anyone else. This has so far resulted
in a lack of action.

A number of challenges need to be overcome. The imbalance between the policy attention allocated
to mitigate climate change, versus adaptation, results in serious capacity and resource constraints
among relevant authorities who should be leading the charge on building resilience. Additionally,
the current bottom-up sectoral approach to climate adaptation means that there is a lack of under-
standing of the interdependencies between climatic and non-climatic factors in driving risk. Climate
risks are insufficiently integrated into broader policy agendas.

Many decision makers in the public sector seem over-confident about the extent to which private
corporations are aware or capable of strategically embedding transboundary climate risks into their
plans, investments and assessments.

There is too much complacency around adaptation. Some transboundary climate risks are assumed
to be a matter for the private sector exclusively, for example many risks related to supply chains. In
other cases, higher fiers of governance are assumed to be responsible, for example in Brussels or
London. Policymakers on the island of Ireland should take responsibility for designing and implement-
ing decisive actions that protect against transboundary climate risks. To address some specific risks,
an “All-of-lreland” approach will be necessary. International collaboration could enhance shared
resilience. Our key recommendations are presented below.

Strategic risk governance

Systemic and cascading climate and non-climate risks should be more clearly accounted forin
cross-cutting government risk registers, while future climate risk assessments should explicitly
assess transboundary climate risks and identify response options. These assessments should
clearly assign owners for each transboundary climate risk identified, with actions incorporated
into national adaptation plans and other relevant strategies.

A comprehensive economy-wide assessment should be commissioned to quantify the economic
costs of transboundary climate risk to the Irish economy, including supply chain risks. It should
highlight vulnerable sectors and risk management needs in the public and private sector.

Mainstreaming

Relevant government departments should adopt responsibility to lead a broad resilience agenda
that includes strategic preparedness, resilience-building and adaptation functions across gov-
ernment for all types of climate and non-climate risks.

To complement sectoral adaptation plans, these departments should also adopt an integrated
top-down approach to assess the interdependence of risks, ensure policy coherence (e.g. with
industrial strategies) and enhance institutional capacity to engage with foresight and horizon
scanning exercises.
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Resourcing

Government departments should allocate greater resources for adaptation functions across
government to help monitor and manage domestic and transboundary climate risks and their
interplay with other risks.

Government departments, on both sides of the border, should explore the feasibility of estab-
lishing an Investment Fund for Resilience and Industrial Transition and explore options o create
market incentives for private sector investments in strategic redundancies that benefit society,
for example in food and critical supply chains.

Collaborating

Relevant government departments should initiate a dialogue with industry actors to exchange
views and clarify responsibilities on the risk management of overseas supply chains. They should
also establish public-private partnerships to exchange non-commercially sensitive data on risk
exposure in key sectors and explore opportunities for strategic investment coalitions between
private actors with shared interests in critical supply chains.

Relevant government departments should actively engage in adaptation processes under the
UNFCCC and other international forums and political dialogues on trade, infrastructure, bio-
diversity and development to support resilience building in other countries and throughout the
intfernational networks upon which Irish prosperity depends.
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Transboundary climate risks to the island of Ireland’

Agriculture and food security Risk severity

Risk to food affordability as a result of the cost-of-living crisis and climate-
driven price inflation across a basket of food products.

Risk to nutrition security for low-income households and vulnerable groups - Medium
due tfo volatility in fresh fruit and vegetable supply chains.

Risk to farming, jobs and export-revenues in the dairy sector on the island of Medium
Ireland, due to climate-related disruption to feeds and other imports.

Risk to farming, jobs and export-revenues in the beef sector on the island of Medium (IE)
Ireland, due fo climate-related disruption to feeds and other imports.

Infrastructure and trade

Risk to energy security from damage to energy-critical infrastructure abroad
from extreme weather and slow-onset climate change.

Risk to energy security from climate impacts on transport and production infra- = Medium
structure abroad, disrupting overseas supply of critical minerals.

Risk to businesses, financial sector and overall economy due to climate-related = Moderate (IE)
supply chain disruptions globally.

Risk to business operations, jobs and export-revenues in the pharmaceutical
industry from climate-related disruption to global supply chains.

DY ! BT 9 st I Moderate (NI)
Risk to public health from disrupted supplies of essential medicines and other Medium
drugs as a result of climate-related disruption to global supply chains.

Risk to business operations, jobs and export-revenues on the island of Ireland,
due to climate-related disruptions to intra-island trade and with the UK.

Risk to human mobility from reduced air travel due to the effects of extreme
weather on UK and global airports affecting business operations, revenues
and jobs in the tourism sector.

Biophysical systems and ecosystem services

Ecological risk to ecosystems and biodiversity from climate-induced changes in
invasive species, movements of plants and animals, and infectious diseases.

Socio-economic risk to the blue economy from climate-induced changes to Medium
invasive species, movements of plants and animals, and infectious diseases.

Socio-economic risk to the forestry sector from climate-induced changes to
invasive species, movements of plants and animals, and infectious diseases.

Socio-economic risk to the agricultural sector from climate-induced changes Medium
fo invasive species, movements of plants and animals, and infectious diseases.

Social risk to people and public health systems from a climate-induced rise in Medium
infectious diseases and cardiovascular and respiratory conditions.

Ecological risk to transboundary river basins and the ecosystems and bio-
diversity they support from climate-induced water stress.

Socio-economic risk to water services from climate-induced stress on trans-
boundary river basins.

1 The evaluation of risk severity and policy readiness draws on the review of scientific and grey literature, insights from
the stakeholder consultation, and the knowledge and expertise of the authors. The evaluations are therefore based
on qualitative evidence and subjective judgements, which unavoidably require assumptions on the relative impor-
tance of different climatic and non-climatic risk drivers and the different systems and aspects of the society affected.
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Reducing transboundary climate risks is a novel challenge, so it is no surprise that public and private
actors are not yet prepared to tackle it. Drawing on interviews with government officials and other
national authorities, and review of key policy documents, below we list the main aspects of the chal-
lenge and offer suggestions for how to address them.

Context

The topic of transboundary climate risks has only recently emerged as a policy concern. As a result,
many stakeholders are on a steep learning curve to understand both what constitutes a transbound-
ary climate risk and what the implications may be for policy and practice. Nevertheless, most of our
interviewees have an intuitive understanding of the subject and awareness of its importance.

Both jurisdictions on the island of Ireland acknowledge transboundary climate risks in official docu-
ments. In the Repubilic of Ireland, explicit references to such risks are included in the 2022 Review of the
National Adaptation Framework, Ireland’s Climate Change Assessment 2023, and the Climate Action
Plan 2024. In Northern Ireland, the national summary of the UK’s Third Climate Change Risk Assessment
(CCRA) identifies several tfransboundary risks. National risk registers in both countries (last updated
in 2023) identify climate change as a key strategic risk and note the role of climate change in driving
other risks. Both countries are also in the process of developing new phases of adaptation planning,
with new Sectoral Adaptation Plans in preparation in the Republic of Ireland, and the Third National
Adaptation Programme underway in Northern Ireland. Nevertheless, there is a lack of specificity in exist-
ing documents on what is at stake on the island of Ireland from transboundary climate risks, and owner-
ship of risks and responses remains unclear. Awareness of the topic has not yet resulted in much action.

Both jurisdictions are to some extent participating in adaptation processes that are being led at higher
tiers of governance. For the Republic of Ireland this is the EU process, specifically the follow-up to the
recently published first EU Climate Risk Assessment, which put a significant emphasis on transbound-
ary risks. In Northern Ireland this is the five-yearly UK CCRAs and the National Adaptation Programme
of the UK government. Both processes are likely fo continue to emphasise transboundary climate risk.
Both countries may find opportunities to examine the topic further as part of these multinational efforts.

Goals and priorities for Ireland

To ensure the resilience of the Irish way of life, despite the inevitable impacts of climate change at
home and abroad, decision-makers will have to adopt and apply a transboundary lens to their oper-
ations. Policy and practice in Ireland will need to consider, and deal with, the transboundary climate
change impacts that occur in other countries. Policy and practice in Ireland will also need to consid-
er the potential transboundary effects on people elsewhere to avoid redistributing or exacerbating
risks to others. By adapting effectively to both domestic and transboundary climate risks, Ireland will
also contribute to the resilience of the global economy, because it would be acting as a reliable and
predictable trade partner through ensuring safe and resilient ecosystems and as a responsible and
thoughtful contributor to European and global governance.

This report highlights three main pillars that future resilience can be built upon. Each requires sus-
tained public investment and prioritization in national policy. These pillars are:

Social cohesion. A more unequal society will be more severely affected by mounting fransbound-
ary climate risks via cost-of-living crises, job losses and health impacts, among other factors.
Investments in social protection, welfare, health, communities, education and wellbeing will
increase Ireland’s capacity to absorb and thrive despite transboundary climate risks.
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Natural resilience. The health and integrity of Ireland’s natural capital will support adaptation
to transboundary climate risks that arrive via changes to ecosystems on land and sea beyond
its borders.

Resilient supply chains. Ireland’s import-dependent and export-reliant economy can continue to
grow and deliver prosperity if there is a sufficient flow of risk data, effective risk management,
and resilient infrastructure in tfrade, energy, information technologies and transport.

Challenges

A focus on “climate risks” is too narrow. Overall, the challenge of building resilience cannot be
met by focusing exclusively on “climate risks”. Societal, economic and environmental resilience
depend on a much broader problem framing and a broader policy agenda based on an under-
standing of transboundary climate risk.

Mitigation efforts currently overshadow adaptation. Adaptation remains in the shadows of
climate change mitigation as a policy objective and research field in Ireland, as elsewhere. Many
initiatives and policies that explicitly acknowledge climate change still focus mainly if not exclu-
sively on cutting emissions. Mitigation tends to be prioritized before adaptation in decisions about
how to spend limited resources.

Complacency impedes progress. There remains a sense of complacency around adaptation.
Complacency also pervades thinking about supply chain resilience, which is either assumed fo be
a matter for private decision-makers, or a strategic concern handled at an EU level or in London,
in the case of Northern Ireland. This leads to a lack of creativity and a lack of focus on the unique
risk profile of Ireland in a rapidly changing risk landscape.

Many actors question the need for government intervention. There is a pervasive but question-
able assumption that markets will adequately price these climate risks, and that autonomous
adaptation will deliver resilience without the need for state intervention. This assumption is slowly
changing in the wake of the pandemic and, perhaps, driven in part by growing concerns with the
dawn of artificial general intelligence and other novel risks, such as anti-microbial resistance.

Climate risks have yet to be embedded into strategies. As an island, Ireland is accustomed to
transboundary-oriented thinking and addressing matters of interdependence. These are con-
cepts are prominent in the minds of policymakers and planners on both sides of the border. This
was especially evident in our interviews. The main gap is the consideration of how future climate
change impacts will drive and radically alter transboundary dynamics. There remains a lot fo
do to embed climate risk in existing north-south cooperation forums (as well as their east-west
equivalents) and in broader international strategies on both sides of the border.

Climate risks are not yet adequately considered in “non-climate” fields. When it comes fo foreign
affairs and Irish links to other countries, energy and trade interests dominate. Strategic risks result-
ing from climate change impacts in partner countries are - at best - an afterthought. While
“non-climate” policies can deliver climate resilience on some matters (energy security, for exam-
ple), the lack of explicit consideration of transboundary climate risk in these fields may produce
ancillary costs, as well as benefits.

Risks are exacerbated by the reliance of Irish economies on a limited number of sectors.
Specialisation in pharmaceuticals, information technology, and food and drink concentrate
exposure to transboundary climate risk. It is tempting for industrial and economic policy to rein-
force this reliance to protect tax revenues, but this can result in policies that exacerbate risk
exposure in ways that are not strategic.

Political uncertainties have slowed progress. Recent political uncertainty in Northern Ireland linked
to the UK’s departure from the EU has slowed progress and distracted efforts to advance ambi-
tious and strategic policy agendas on issues including adaptation and transboundary cooperation.
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The uncertainties and complexities of transboundary climate risks make it difficult to convince
sceptics about the need for policy action. It is inherently complex fo assess exposure to trans-
boundary climate risk. High levels of uncertainty are inevitable. Interviews showed that this creates
a hurdle for moving beyond a general awareness of the topic. Such complexities and uncer-
tainties cloud decision-making about next steps and priorities — and the actions that flow from
these. Uncertainty around transboundary climate risks is greater than for those resulting from
direct impacts. Risks depend, potentially, on impacts in multiple locations outside Ireland, and
to an even greater extent than normal on the responses of actors overseas on matters such as
trade measures, or the success or failure of adaptation efforts at sources where impacts originate.
It is difficult fo make a robust case to convince sceptical stakeholders that specific risks will mate-
rialize in Ireland.

The networks of stakeholders who should be engaged in addressing such risks will need to
expand. In many cases, the ownership of transboundary climate risks might lie beyond the tradi-
tional network of stakeholders involved with climate change adaptation, for example in depart-
ments of trade or foreign affairs, or at the heart of government, or among supply chain managers
in businesses. This stretching of the understanding of “adaptation” and “climate risk management”
takes time, and it is currently in an early phase.

Governments’ adaptation efforts tend to be led by departments with less influence and fewer
resources. Adaptation tends to be led and coordinated by environment departments that often
lack the leverage and political and financial clout to drive changes in more powerful government
departments. Transboundary climate risk suffers from a lack of champions and policy entrepre-
neurs inside government in Ireland, as in other countries.

Policies can be incoherent and poorly coordinated. Transboundary climate risks invite a new
strategic approach to policy integration. For example, multiple policy fields will be required to
respond fo risks emanating from a single pathway, such as the increase in invasive species: across
farming, forestry, biodiversity, health, and more. The many risks identified in this report add to
the complex field of systemic risks and global challenges facing small, open, globalised countries.
Currently there is no centralised coordination of “the resilience agenda” in the heart of government.

One island; two distinct political systems. Resilience to transboundary climate risks on the island
of Ireland depends on making progress in two different political systems. Whilst the UK engage-
ment with this topic is perhaps a few years ahead of that in the Republic of Ireland, both face
similar challenges and limits to their spheres of influence. Risks cannot be managed “at source”
across such a broad array of partner countries, nor can international systems, such as commod-
ity markets, or long risk pathways, such as those related to vector-borne diseases, be controlled
from Dublin, Stormont, London or Brussels. Coordinating across ministries to achieve coherent
action on resilience remains a significant challenge.

Balancing social and economic vulnerabilities. The severity and nature of transboundary cli-
mate risks — as well as their relative priority - depend to a large extent on the perspective taken;
some framings suggest strategic economic risks o profitability in key sectors, whilst alternatives
imply social cohesion and equity are more at stake. It is important to avoid the dominance of
powerful perspectives, particularly in a field where evidence and data are thin, when setting
early direction and priorities on government policy that might determine the course of adaptation
strategy for years to come.
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These recommendations have emerged from interviews with key stakeholders on the island of Ireland
and from the analysis conducted by the authors.

Steps for leaders

Organize a high-level event - on a theme such as “Reimagining Resilience in Ireland” - to gather
stakeholders from government, business and research, catching the wave of heightened aware-
ness among senior decision-makers in the wake of the pandemic and in response to growing
geopolitical uncertainty about the fragility of global supply chains and mounting systemic risks.

Prepare a briefing for the Department of the Taoiseach setting out the case for greater coordina-
tion of the “resilience agenda” across government departments.

Commission an ambitious and innovative assessment of the economic costs of transboundary
climate risk for the Irish economy.

Steps for governments, departments and offices

Responsibility for leading the Republic of Ireland’s broader resilience agenda should be clearly
assigned to the Department of the Taoiseach. This agenda goes beyond existing emergency
management provisions to include strategic preparedness, resilience-building and adaptation
functions across government for all types of climate and non-climate risks.

The division of labour between the Northern Ireland Executive and UK Cabinet Office on resil-
ience planning in the wake of the UK’s departure from the EU should be clarified and commu-
nicated clearly to stakeholders in Northern Ireland and beyond.

National assessments (National Risk Assessment in Ireland, UK National Risk Registers in North-
ern Ireland) should more clearly account for the interaction between emerging, cascading and
systemic risks, and clarify risk ownership for each identified risk within government.

Governments on both sides of the border should launch a “strategic coherence for resilience”
initiative across all government departments and policy domains. This should identify and assess
key policy incoherencies. That is, the initiative should point out and evaluate any existing poli-
cies that are driving risk exposure in Ireland. This initiative should also clarify the objectives and
primacy of specific policies and strategies for ensuring the resilience of the Irish and Northern
Irish economies in the face of mounting critical supply chain risks, and other risks related to or
exacerbated by cross-border climate change impacts. Moreover, this initiative should identify
where shared policy objectives across different domains and departments could lead to greater
inter-departmental cooperation on resilience and adaptation.

Government capacity in foresight and horizon scanning exercises should be built, through a mix
of staff development, training, recruitment and collaboration with external experts (such as the
UK National Preparedness Commission). Such foresight exercises should integrate the assessment
of fransboundary climate risks with other “external” dynamics, such as artificial intelligence, cyber
security, poorly managed migration and geopolitical rivalry.

The Department of the Taoiseach should conduct or commission an economy-wide assessment
of critical supply chain risks, highlighting the specific risks to sectors and segments of society in
Ireland, and the options for risk management among relevant actors in government and the
private sector.?

2 Lessons from the UK Department for Business and Trade’s new Supply Chains Resilience Framework should inform the pro-
cess. See: https://www.gov.uk/government/publications/supply-chain-resilience/dit-supply-chains-resilience-framework
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Relevant government departments should initiate a dialogue with Irish businesses to exchange
views and clarify responsibilities on key supply chain risks affected by climate change impacts
overseas. The dialogue should address matters that involve key sectors, including food and agri-
culture, pharmaceuticals, information technology, and cross-border critical infrastructure.

A private-sector taskforce should be established to convene public sector actors, corporations
and financial institutions to incentivise corporate action on climate adaptation in supply chains.
The Republic of Ireland should also establish sectoral business coalitions to spur co-investment
for resilience in shared and socially valuable supply chains.

Governments on both sides of the border should initiate a consultation with vulnerable commu-
nities to incorporate their views on risk exposure and effective responses in light of transboundary
climate risks described in this report.

The Republic of Ireland should explore the feasibility of establishing a National Investment Fund
for Resilience and Industrial Transition.

The next iteration of Ireland’s Industrial Strategy® should assess the options for and resilience ben-
efits of economic diversification. The strategy should clarify the role of government in supporting
“profitable redundancy” in critical supply chains and the strategic stockpiling of critical goods
and inputs to the Irish economy.

Steps to advance the adaptation agenda

The next iteration of each country’s national climate change risk assessments should identify and
assess tfransboundary climate risks and assign clear ownership for each risk.

The next iteration of each country’s national adaptation framework or plan should do the follow-
ing: assess response options for each transboundary climate risk; allocate resources for adap-
tation; assess interactions between transboundary climate risks and between these risks and
non-climate risks; clearly designate coordination responsibilities within governments fo ensure
coherence across the national adaptation framework; and describe the role of international
action and cooperation for addressing transboundary climate risks in Ireland.

Given that these next iterations may be years away, significant preparatory work is needed
now fo clearly assign risk ownership and advance understanding and capacity on “resilience”
in government.

As part of fulfilling Ireland’s international obligations, including those under the Paris Agreement,
national governments should highlight and describe actions to prevent “transboundary mal-
adaptation” - that is, fo point out the actions taken in Ireland to reduce climate risks and avoid
exacerbating risks for people in other countries. These actions should be communicated in sub-
missions to the UN, such as Adaptation Communications, Nationally Determined Contributions
and biennial transparency reports.

The Republic of Ireland and the UK should continue to contribute finance for adaptation in other
countries. They should actively engage in the UN Framework Convention on Climate Change
adaptation process and other international forums and political dialogues on trade, infrastruc-
ture, biodiversity and development to help build resilience in other parts of the world.

Steps to advance research and development

The current gap in knowledge around the sources, scale and nature of Ireland’s exposure to
transboundary climate risk needs to be filled through investment in research, as well as the pro-
vision of decision-support tools and platforms.

3 Ireland’s Industry 4.0 Strategy 2020-2025. See: https://enterprise.gov.ie/en/publications/publication-files/irelands-
industry-4-strategy-2020-2025.pdf
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The Irish Government should explore the need for establishing a knowledge centre or research
programme on fransboundary climate risk exposure for Ireland and the UKPublic-private part-
nerships to coordinate the exchange of non-commercially sensitive data on risk exposure should
be established between government and trade associations, particularly for key sectors such as
pharmaceuticals, information technologies, and food and drink.

The Shared Island Initiative should explore the feasibility of establishing research and greater
knowledge exchange on “all of Ireland resilience”, particularly on shared infrastructure, trans-
boundary resources and seas, and mutually critical supply chains and industrial sectors.
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The island of Ireland is no stranger to the direct impacts of climate change, with cases of extreme
temperatures up 35% within a generation and sea levels now rising 2.5 times faster than last century
[1] [2, 3]. Of less prominence, but of equal if not greater threat, are the risks Ireland is exposed to
because of the impacts of climate change in countries and regions beyond its borders. These so-called
“transboundary climate risks” can cross continents and cascade across sectors, disrupting ecosystems,
economies and societies from the local to the global scale.

While some conduits of transboundary climate risk, such as shared ecosystems and cross-border
migration, have existed throughout history, the interconnected nature of our modern world means that
risks now also propagate through global trade and financial flows. The island of Ireland boasts one
of the world’s most open economies, and transboundary climate impacts present a serious socio-
economic risk to the trade, finance and workforce upon which both the Republic of Ireland and Northern
Ireland depend.

Extreme weather events that are aggravated by climate change are already placing international
supply chains under considerable strain and putting aft risk the security of food, energy and many
other commodities [4]. Af the same time, climate change is altering and disrupting ecosystems the world
over - driving the proliferation of invasive species and significantly impacting the emergence, preva-
lence and geographical distribution of vector-borne diseases. These factors, in concert, pose a grow-
ing threat to the ecology of the island and its services — from fisheries to forestry to food production.

Transboundary climate risks are also amplified by their interplay with non-climatic drivers, as demon-
strated by the compounding impacts of droughts in the United States, Europe and Asia, and Russia’s
war in Ukraine, which together culminated in the rapid deterioration of food security experienced
around the world in recent years [5, 6]. Transboundary risks can also be generated or exacerbated by
countries’ own adaptation responses: for example, imposing export controls in response to declining
agricultural crop yields may seem like an effective adaptation response for one country, such meas-
ures tend exacerbate market effects, diminish global food supply, and undermine the resilience of
the global food system as a whole. Adopting a transboundary lens when identifying and assessing
climate risk, and in planning adaptation and effective policy responses, is therefore essential.

There is an emerging recognition among scientists, businesses and governments that interconnected
risks require an interconnected response. The 2021 EU Adaptation Strategy, for instance, recognises
that even local climate impacts can have global repercussions and encourages actions to address
their tfransboundary effects. The 2024 European Climate Risk Assessment goes a step further, fully
integrating transboundary climate risks and assessing the vulnerabilities that stem from Europe’s inter-
connectivities as well as the socio-economic implications [4]. In addition to these regional develop-
ments, a growing number of countries are taking early but innovative steps to identify the national
risks presented by fransboundary climate impacts - and begin to consider these in adaptation planning
processes — with Ireland a case in point.

The Environmental Protection Agency recently published a report that identified the transboundary
climate risks facing the island of Ireland and described seven different pathways through which such
risks propagate [7]. While the report broke ground in producing a “first pass” assessment of trans-
boundary climate risks to the island, the report’s authors called for a better understanding of the
most prominent transboundary climate risks and the governance structures and what public policies
would be most effective in managing them and strengthening systemic resilience.

Against this backdrop, the Irish Climate Change Advisory Council commissioned this study to further
develop understanding of transboundary climate risks to the island of Ireland, via its agriculture and
food security; infrastructure and trade; and biophysical systems. The study considers both the trans-
boundary effects of climate change impacts originating in countries outside the island of Ireland, as
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well as cross-border risks transmitted between the Republic of Ireland and Northern Ireland. As the
methodology makes clear, this study falls short of a fully comprehensive risk assessment. But its pur-
pose is to provide policymakers with sufficient information, indications of risk severity, and guidance to
map out next steps — paving the way towards more effective policy and practice on transboundary
climate risk management.

The study identifies and describes 17 transboundary climate risks with potentially serious ecological,
economic and/or societal consequences for the island of Ireland (as a whole or to an individual juris-
diction), through the three risk pathways set out above. The study provides an indicative evaluation
of the severity of each identified risk, considering the likelihood of its occurrence based on the latest
available scientific evidence, and the magnitude of its impact in the context of the island’s ecological
and socioeconomic vulnerability. The methodological approach adopted for the evaluation is outlined
in section 2. Sections 3 to 5 summarise the evidence base underpinning the evaluation for each of
the three risk pathways. These sections also explore o what degree the existing policy landscape -
at the global, regional and national level - ameliorates or exacerbates the identified risks and examine
the current level of policy readiness to address them.

The final section distils a suite of policy recommendations on how authorities in the Republic of Ireland
and Northern Ireland can leverage existing policy frameworks and institutional arrangements, and
design new policy levers, to effectively manage the transboundary climate risks that pose a serious
threat to the island of Ireland. The recommendations distil opportunities that are open to existing
institutional bodies, both within and across the island’s two jurisdictions, to better coordinate and
collaborate to strengthen ecological, economic and societal resilience on the island of Ireland, in a
manner that is inclusive and socially just.

Assessing climate risk through a transboundary lens and adopting a corresponding approach to adap-
tation provides an opportunity to demonstrate Ireland’s strategic foresight and initiative. This presents
an opportunity not only for Ireland to safeguard its own economic competitiveness, but fo demonstrate
how such actions fortify global resilience in an increasingly risky world.
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This study is based on a comprehensive literature review and stakeholder consultations, both of which
underpin the identification of specific transboundary climate risks to the island of Ireland within
pre-determined risk fransmission pathways. The study builds on the 2021 report Transboundary Climate
Risks to the Island of Ireland [7]. It further develops three risk transmission pathways and indicates the
severity of the risks identified. The study charts the relevant policy landscape and articulates prom-
ising mechanisms for policy development.

In accordance with instruction from the Irish Climate Change Advisory Council Secretariat, the study
confined its coverage and analysis to transboundary climate risks that propagate through risk path-
ways relating to 1) frade, agriculture and food security, 2) infrastructure and trade, and 3) biophysical
and ecosystem services. As a result, other potential transboundary climate risks to the island of Ireland,
including those related to human mobility, migration and displacement and others raised during stake-
holder consultation, are beyond the scope of the study but could usefully be the subject of further
analytical attention in future. The authors conducted a review of scientific and grey literature to identify
potential risks and examine their implications for both the Republic of Ireland and Northern Ireland.
These risks included those originating from neighbouring regions (i.e. Great Britain and Europe) and
more remote parts of the world. Semi-structured stakeholder consultations were held with 11 central
government officials and 2 experts from national authorities spanning both jurisdictions, as noted in
Table 1. (While subnational authorities and private-sector representatives were invited to consultation,
it is regrettable that none were able to take part.) The consultations were used to augment the find-
ings of the literature review with qualitative insights that were used to inform risk identification and
prioritisation and formulate policy recommendations.

Table 2.1. List of government departments and national authorities on the island of Ireland consulted
for the purpose of this study.

Department of Taoiseach

Department of Public Expenditure, NDP Delivery and Reform
Department of Finance

Department of the Environment, Climate and Communications
Department of Agriculture, Food and the Marine
Department of Transport

Department of Enterprise, Trade and Employment
Department of Foreign Affairs

Department of Health

Met Eireann - Irish National Meteorological Service

National Parks and Wildlife Services

The Executive Office

Climate Northern Ireland

Republic of Ireland
Republic of Ireland
Republic of Ireland
Republic of Ireland
Republic of Ireland
Republic of Ireland
Republic of Ireland
Republic of Ireland
Republic of Ireland
Republic of Ireland
Republic of Ireland
Northern Ireland

Northern Ireland

The stakeholder consultations probed government officials and other national authorities on the following:

the possible and/or probable transboundary climate risks to the island of Ireland as a whole or
to an individual jurisdiction
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the economic, societal and environmental context of the island of Ireland as it shapes each juris-
diction’s exposure and vulnerability to transboundary climate risks

the existing policies that manage these risks, identifiable gaps, and assignment of risk ownership
across relevant institutions and the governance landscape.

A bespoke methodology was developed to rank and prioritise the identified risks. The methodology
used a fwo-stage approach to evaluate and determine risk severity and degree of policy readiness
for each of the identified risks (see Figure 2.1). In the first stage, authors defined the risk generated by
transboundary climate impacts by exploring what was at stake based on their expert judgement, the
stakeholder consultation, and a review of the literature, including the European chapter of the UN
Intergovernmental Panel on Climate Change Sixth Assessment Report [8], the European Climate Risk
Assessment [9], and national risk assessments (among others). The authors also determined whether
a given risk was applicable, and to what degree of severity, to the island of Ireland overall or to an
individual jurisdiction specifically.

A conventional risk matrix was used to determine the overall severity of the tfransboundary climate
risk through the subjective quantification of its likelihood* and magnitude®. A cut-off threshold was set
so that all risks categorized with “high” or “medium” levels of severity were considered to require pri-
ority actions to manage them (in policy or research). Risks that failed to meet this threshold (i.e. those

Figure 2.1. An overview of the methodological approach to determine risk severity and policy
readiness for each of fransboundary climate risk (TCR), which depicts each stage and criterion for
assessing risk severity and policy needs

Past assessments: Has the risk
been identified by the European
Chapter of the UN Intergovernmental
Panel on Climate Change Sixth
Assessment Report, the EU Climate
Risk Assessment, a national risk

Defining the tranboundary climate risk:
* Whatis at stake?

¢ What is the magnitude of the risk? X No/No Not identified as
« Whatis the likelihood of the risk? assessment, or other bodies that risk (excluded)
provide scientific evidence?
. Irish exposure: Is the risk to the Yes/No

. . Maghnitude
Risk Severity : ,
Low Medium High
- High
o
o
= Medium
0
E Low

T

Risk assessment input:

e Literature review

* Stakeholder consultations

* Expertjudgement

Island of Ireland severe, according to
the review of existing scientific
literature, insights from policy

consultations, or judgements of
kuthors? j

Yes/Yes or No/Yes l
ﬁxisting policy gap: Do finding \

from the scientific literature,
insights from policy consultations,
and/or expert judgement indicate
that policymakers are unaware
and failing to implement policies
to manage this risk?

Wider policy context: Do
findings from the scientific
literature, insights from policy
consultations, and/or expert
judgement indicate that
policymakers are implementing
policies that are likely to
inadvertently increase the

exposure of the Island of Ireland
to this risk in the future?

Watching brief

=

)
No/No
Requires further
‘ research
—
Yes/No or e \
No/Yes Requires further
policy measures
—
)
Yes/Yes
Requires urgent
‘ policy measures

~—

Likelihood refers to “the chance of a specific outcome occurring, where this might be estimated probabilistically” [242].

5 Magnitude refers to “pervasiveness of the consequences, degree of change, irreversibility of consequences, potential
for impact thresholds or tipping points, potential for cascading effects beyond system boundaries” [8].
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with “low” severity) were considered “watching briefs” — a term used by both by the insurance sector
and by the European Climate Risk Assessment to refer to issues that should be monitored but are not of
immediate concern. The authors’ ratings of likelihood, magnitude and overall severity are presented
in risk tables in each of the three thematic chapters, alongside an indicative rating of policy readiness
(see below). The level of confidence of the existing evidence base for a given transboundary climate
risk is also indicated in these tables. However, the authors did not account for levels of confidence in
determining the degree of risk severity.

In the second stage, the authors carried out a high-level evaluation of the level of policy readiness - at
global, regional (EU) and national scales - for the management of each transboundary climate risk.
This evaluation was based on the insights elicited from consultations with government officials and the
review of existing legislative documents, policies and plans (and assessments thereof). The authors
also considered the relevant location of risk ownership to account for the differential legislative respon-
sibilities and policy landscapes of the Republic of Ireland and the EU Commission on one hand, and
Northern Ireland authorities and the UK government on the other. The level of policy readiness was
determined by considering the following two factors:

Existing policy gaps - the awareness among policymakers of a particular transboundary climate
risk and quality of existing (or planned) policy measures to manage it.

Wider policy context - the existence of current or anticipated policies that are designed to deliver
different objectives but inadvertently exacerbate the transboundary climate risk in question.

The authors grouped recommended policy actions into three categories as follows:

Requires further research - This category indicates that the risk should be a priority for research
action fo determine the preparedness of existing policies to fully manage the risk. It was used in
cases where the authors did not identify any significant policy gaps, where the broader policy
landscape was considered conducive to reducing or managing a particular transboundary cli-
mate risk, or where the creation of an effective enabling environment in policy was foundational
upon the formulation of new knowledge.

Requires further policy measures — This category indicates that a risk is a priority for policy action.
It applies to cases where authors determined there o be an existing policy gap or a broader
policy landscape that failed to ameliorate a particular transboundary climate risk (or that unin-
tentionally exacerbated the risk).

Requires an urgent policy response - This category indicates that a risk is a high priority for
policy action. It applies to cases where authors determined there to be both a serious policy gap
and a broader policy landscape that failed fo manage a particular transboundary climate risk
(or that exacerbated the risk).

The evaluations of risk severity and policy readiness are based on the review of scientific and grey
literature, insights from the stakeholder consultation and knowledge and expertise of the authors,
relying on both quantitative and qualitative evidence. As such these evaluations rely on subjective
judgements, which unavoidably require assumptions on the relative importance of different climatic
and non-climatic risk drivers and the different systems and aspects of society affected.

ASSESSMENT ON PRIORITISING TRANSBOUNDARY CLIMATE RISKS FOR IRELAND



3. TRANSBOUNDARY CLIMATE RISKS TO AGRICULTURE AND
FOOD SECURITY

3.1 Introduction

The island of Ireland is dependent on imports for its food and nutrition security. Although Ireland’s
temperate climate supports a healthy agricultural sector, both the Republic of Ireland and Northern
Ireland have increasingly embraced a liberal trade strategy for securing an affordable and diverse
supply of food. As a result, the impacts of climate change on farms and supply chains in other countries
will have significant effects on Ireland’s food security in future.

Ireland is also home fo extensive beef and dairy industries. These sectors are responsible for generat-
ing €10bn in export revenue [10]. Whilst plentiful rain and mild winters support world-leading quality
pasture for feeding beef and dairy cattle, the sector has grown to such an extent that it also relies on
significant imports of feed to maintain export volumes and earnings. Beef and dairy exports are at risk
from climate change impacts on their international supply chains.

3.2 Food affordability and cost-of-living crisis

Medium

Risk to food affordability as a result of the cost-of-
living crisis and climate-driven price inflation across
a basket of food products.

Confidence Medium

Policy status Priority for policy action

Globalisation and the industrialisation of the global food system mean that most of the food that is
consumed on Irish shores is the product of multi-tier international supply chains. Even a typical cooked
Irish breakfast with products from local farms relies ultimately on several inputs from other coun-
tries. The maize starch in baked beans [11] - as well as the beans themselves — will have been imported
from as far away as Brazil, or Canada, or Ukraine, all of which face increasing drought and pest risks
in a changing climate [12]. Even locally sourced bacon and sausages come from pigs that will have
been fed on a blend of imported wheat, barley, maize and soy, supplies of which are becoming more
volatile as a result of climate change impacts on farms in major grain exporting countries in Latin
America, North America and Russia [13] [14]. The same goes for the sugar in the marmalade, the tea
in the mug and the fried tomatoes on the side: all are imported. Perhaps potatoes will be the only
truly domestic, short supply chain product on the breakfast plate un-touched by transboundary
climate risk.

The benefit of Ireland’s complex, globalised food system is that food has become more affordable,
and consumers enjoy a diverse choice of products. Trade liberalisation, EU membership and a busy,
competitive market have ensured this. Businesses take care of the myriad daily sourcing decisions,
exploring and administering supply chains to meet — and even to stoke - demand among Irish shop-
pers. Having access to multiple suppliers and markets also helps o smooth out minor variations in
harvests. This facilitates “autonomous adaptation” to climate change; when flooding hits farmers in
one country, supply chain managers quickly contract alternative suppliers to make up the shortfall.
The government doesn’t have to do anything. Nor do shoppers.

The downside is that the web of producers and suppliers upon which Irish consumers depend lie beyond
the reach of Irish decision makers. Whilst supply chains offer flexibility during small shocks, they
have evolved to deliver efficiency, not resilience. Concurrent or major shocks, like the war in Ukraine,
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knock finely tuned supply networks out of kilter. Climate change is a driver of concurrent or compound
shocks because it is playing out everywhere at once [15] [16]. It is also accelerating, and likely to produce
and magnify major shocks in future [17].

Climate impacts on agriculture and food supply chains in other countries will increase, exposing the
island of Ireland to heightened levels of risk. This risk has been identified in previous Irish and UK
climate risk assessments, including the Transboundary Climate Risks for the Island of Ireland Report
(Chapter 3 [18]), the Climate Change Adaptation Risks and Opportunities for Irish Businesses report
[19], the Northern Ireland Summary of the UK Climate Change Risk Assessment (ID1, ID2, ID7) [20] and
the European Climate Risk Assessment [21].

The price, availability and quality of food in Ireland will be directly impacted by climate change effects
on farming abroad, but also by the reactions of other actors in those and intermediary countries. For
example, in 2023 when droughts threatened rice harvests in India, their government banned exports
fo protect domestic consumers. This reaction continues to affect global rice prices today because it
triggered a string of export restrictions and panic buying in other countries [22]. This pattern of climate
events triggering market reactions will play out across commodity classes, throughout the global food
system, leaving import-dependent countries like the Republic of Ireland and Northern Ireland at the
mercy of volatile markets. As such, actors based in Ireland the UK are limited in their capacity to manage
high levels of exposure to climate change risks emerging from the global food system.

Why does this matter? Can Irish supermarkets not work around poor harvests in supplier countries?
Can lIrish consumers not absorb higher prices while shocks last? Given the complexity of modern
supply chains, and the pervasiveness of climate risk, shocks and price increases will become a fact
of life in a climate constrained, globalised world. Many middle and high-income Irish households may
indeed be able to accommodate higher food and drink prices without much effect. But low income
and vulnerable households cannot.

The price of an average household’s weekly food basket will go up as a result of transboundary
climate risk. This is because the ingredients and “inputs” that are used o produce a wide range of
modern food products will become more expensive as damaging climate impacts occur with increas-
ing frequency and intensity throughout the supply network of the Irish food system.

Safe Food assessed the cost of a weekly minimum essential food basket in Ireland for different house-
hold types [23]. Table 3.1 below uses the categories from this report to briefly survey the transboundary
climate risks associated with each food group.

Table 3.1. Transboundary climate risk profile for a typical weekly food basket.

Irish weekly food % household expenditure TCR profile

basket categories (MESL) for an average
Irish family®

Breads and cereals 10% Medium - mostly imported from
relatively-resilient UK and EU partners.

Meat 24%
Fish 5%
6 MESL stands for Minimum Essential Standard of Living. Average household is two adults and two children at primary

school and secondary school age. Figures exclude 8% on “cafes and takeaways” and 2% on “social” (a category that
includes hosting guests, and Christmas expenditure).
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Irish weekly food % household expenditure TCR profile

basket categories (MESL) for an average
Irish family®

Milk, cheese and eggs 15% Medium - prices will be impacted by
cattle feed supply risks.

Oils and fats 1%

Fruit 7%

Vegetables 15%

Sugar, jam, honey, efc. 1% Medium - sugar prices will rise as global
supply becomes less predictable; fruits
less predictable, but freshness not impor-
tant; honeybees somewhat sensitive.

Other food products 3%

Coffee, tea and cocoa 2%

Soft drinks, juices, etc. 2%

Snacks and treats 4% Medium - highly processed snacks

embed multiple commodities that will
become more expensive.

Source: Safe Foods (2023) and author’s analysis.

Food and drink that is consumed in Ireland has many commodities “embedded” in it. This means, for
example, that a Snickers bar may have cocoa from West Africa (imported and processed via the EU),
peanuts from the US, Turkey or India, sunflower oil from Ukraine, palm oil from Malaysia or Indonesia
and sugar from Brazil. As such, the embedded water, meaning water that was used in the farming
and production of the ingredients that went into the Snickers bar would have come from many dif-
ferent countries. This can be expressed as a water “footprint” - the total water use required to meet
Ireland’s consumption demands. The map in figure 3.1 shows the Republic of Ireland’s water footprint,
weighted for water scarcity, meaning it shows where Ireland is consuming embedded water from
countries that are experiencing water scarcity, making them particularly vulnerable to the impacts of
climate change, such as drought.

In the same way, Irish consumption has a land footprint. Figure 3.2 shows the area of land used for
crops and other agricultural products embedded in the Republic of Ireland’s consumption.

The Republic of Ireland’s land and water footprints have been expanding in recent years’, exposing
consumers to ever higher levels of climate risk. The hotspots of water inputs into Irish consumption
happen to be some of the areas with the highest vulnerability to climate change, for example India
(116/185 most vulnerable countries in the world [24]), whereas its land footprint links Ireland with some
of world’s top exporters of climate risk via key agricultural commodity trade such as the US, China,
Russia, Brazil and Argentina [14].

7 The Global Environmental Impacts of Consumption (GEIC) Indicator, data comparison from 2017-2021 (last available
year of data) shows an increase in water footprint (blue water adjusted for water scarcity) from 62.4G metres cubed
in 2017 to 126G metres cubed in 2021, and in land footprint (harvested area) from 1.74M hectares in 2017 to 3.06M
hectares in 2021.
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Figure 3.1. Republic of Ireland’s water footprint to produce materials embedded in consumption
(blue water, meaning surface and ground water) in cubic metres, adjusted for water scarcity

Source: https://commodityfootprints.earth/

Figure 3.2. Ireland’s land footprint: harvested area (in hectares) for crops embedded in the Republic
of Ireland’s consumption

Source: https://commodityfootprints.earth/

As such, Ireland’s exposure to transboundary climate risk is not the result of one or two key supply
chains. It is the culmination of tens of thousands of inputs across a variety of different international
markets. The risk is embedded in the ingredients and products that are to be found on supermarket
shelves and markets on the island of Ireland. Climate change impacts in far off farmers’ fields will lead
to long term price increases for Irish food shoppers, putting pressure on the cost of living.
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3.3 Risks to fresh produce

Risk to nutrition security for low-income households = Medium Medium Medium
and vulnerable groups - due to volatility in fresh
fruit and vegetable supply chains.

Confidence High

Policy status Priority for policy action

The mdjority of fresh fruit and vegetables consumed in Ireland was grown overseas, mostly in the EU
(Spain and the Netherlands) and the UK, but also further afield, including North Africa and Central
and South America. Imports have increased 42% since 1992: mostly of field vegetables, tropical fruit,
apples and soft fruit [25]. The same picture applies in Northern Ireland; the UK imports roughly half
of its vegetables and the vast majority of its fruit [26].

Farming, harvesting and transporting fresh horticultural produce are very climate sensitive processes.
Extreme temperatures lead to heat stress in crops and fruit trees leading to reduced yield and lower
quality [27]. Drought and flood events can disrupt fruiting periods, as well as disrupt harvests, increas-
ing losses and reducing the quantity of fruit and vegetables that make it on to the market. Extreme
weather, including heavy precipitation events, storms, wildfires and even heatwaves, can significantly
disrupt time- and temperature-sensitive supply logistics, resulting in higher fruit and vegetable prices
[28]. Prolonged growing seasons might increase yields in years when sufficient water and other con-
ditions are conducive [27], but overall, the increasing variability of yields caused by climate change will
result in more volatile prices for fresh produce. The nutritional value of imported fresh produce may
also decrease as a result of climate change [27].

The share of fruit and vegetables imports from climate risk hotspots is increasing as competition to
meet Irish and UK demands increases, bringing more developing countries into the reach of modern
supply chains [29]. A UK assessment found that by 2050 over half of legume imports and 47% of fruit
supply would come from climate-vulnerable countries, with an overall shortfall likely in the supply of
fresh fruit and vegetables to meet UK dietary recommendations.

A study on Ireland’s fruit and vegetable imports found that 22% of imports came from countries clas-
sified as climate-vulnerable in 2021. The majority of popular imported products like bananas (98%),
pineapples (95%) onions (83%) and oranges (57%) are imported to Ireland from countries that are
ranked as moderate or high in terms of climate vulnerability in the Notre Dame Global Adaptation
Initiative Country Index (see [25]). Even countries assessed as having low vulnerability, such as Spain
(due to their high capacity o adapt) will face extreme impacts from climate change that are very likely
to disrupt horticulture [30]: low vulnerability ranking does not mean zero risk.

While faith is often placed in the capacity of diversified supply chains and nimble sourcing models to
avoid supply chain shocks, it is important to recall that most northern European countries have sim-
ilar import-dependences as Ireland and the UK. As such, when production or logistics shocks occur
in key producing regions, for example in response to a major drought and heatwave in southern
Europe, traders from all importing countries will be scrambling for the same constricted supplies. In
such a scenario, price shocks are inevitable, even where shelves can be stacked. Irish shoppers have
already faced shortages linked to climate impacts [31] [32].

A highly likely outcome is that there will be an increase in the frequency and intensity of shocks in the
supply of fresh fruits and vegetables into Ireland, leading to short term price increases for consumers.

Sudden price hikes will force shoppers on limited budgets to substitute fresh produce with other -
probably less healthy - products. Household purchases of fruit, in particular, are sensitive to price in
this way [33]. The nutrients and vitamins, and to some extent fibres, in fresh fruit and vegetables
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Figure 3.3. Irish imports of fruit and vegetables (in tonnes, y-axis) from specific countries (x-axis)
categorised based on their vulnerability to climate change (high, medium or low)
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Source: Stanley et al, p.8. The figure shows that most of Ireland’s imports come from relatively low-vulnerability countries in the EU,
whilst several more vulnerable countries contribute specific products.

cannot be replaced with alternative, cheaper, albeit filling, food products. That means fruit and veg-
etables price shocks will result in poorer diets, especially in households on low incomes. The risk is acute
for those in receipt of benefits, who have to spend half of their disposable income on food if they are
to eat healthily [34].

Lower income households tend to consume fewer fruit and vegetables compared to higher income
households anyway [35]. So the “climate-driven deficit in diets” will be even more pronounced in
such groups. Fresh fruit and vegetable consumption is already lower than it should be in the UK and
Ireland. For example, children and adolescents in Ireland need to increase their daily intake by over
80% in order to meet the World Health Organisation’s recommended standard; for adults the required
increase is 40% [25].

Poor nutrition can lead to lower levels of concentration in school and can therefore exacerbate under-
achievement [36]. It can also lead to long-term health impacts and contribute to obesity and related
conditions that impair peoples’ lifestyle and ability to work [37]. Together, the impacts of poor nutrition
threaten to increase social inequality and reduce social mobility [34].

In summary, the health and wellbeing of low-income groups and children will be negatively impacted
by transboundary climate risks to fruit and vegetables supply chains.
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3.4 Globalised beef and dairy

Risks to farming, jobs and export-revenues in the Medium
dairy sector on the island of Ireland, due to climate-
related disruption to animal feed and other imports.

Confidence Medium

Policy status Priority for research action

Risk to farming, jobs and export-revenues in the IE: Medium IE: Medium

beef sector, due to climate-related disruption fo

foeds and ofher mpors. EEEN IR
Confidence Medium

Policy status Priority for policy action

Ireland is famed for its high-quality beef and dairy exports from cattle grazed on plentiful and reliable
lush pasture. However, the sheer scale of today’s Irish beef and dairy herd means that imports are
critical for the sector, chiefly in the form of imported feed.

Around 90% of beef and dairy production in Ireland is exported. The majority of exports go to the UK,
EU and US - core markets that are responsible for the lion’s share of recent growth in the sector. In
2022, dairy exports grew to €6.8 billion, and meat and livestock exports were worth €4 billion [38].
Those numbers dipped slightly in 2023 because of increased input prices (partly driven by weather
events in sourcing countries), weather impacts in Ireland, which affected yields and pasture growth,
and food inflation in Ireland’s export markets dampening consumer demand [39]. Still, the food and
drink sector in Ireland is worth well over €16 billion per year in exports and the beef and dairy sectors
represent the core of those earnings, providing over 80,000 jobs in Ireland [40].

Cows in Ireland are mostly grass-fed but their diet, particularly in winter, is supplemented with barley,
wheat, maize, soya, molasses, sugar beet, rapeseed meal or sunflower meal [41]. The vast majority of
this feed is imported.

The Republic of Ireland imports between 4 and 6 million tonnes of animal feed per year [42] [43] [44],
with around three quarters sourced from outside the EU, including vast quantities of grains and soy
from breadbasket producers such as Brazil, the US, Argentina and Canada. Feed imports are increas-
ing. Any future growth in the sector implies an increased reliance on feed imports.

The availability and price of these imported feeds will be negatively impacted by climate change.
Ireland is particularly exposed because it relies upon major commodity markets that are vulnerable to
compound climate events [45] and polycrises [46]. A study of climate risks in agricultural commodity
trade found that Ireland is particularly exposed to risky imports of soy from the US, for example [14].
The commodities that are used to supplement cattle feed in Ireland are also in high - and growing -
demand by consumers in other countries, inside and beyond the EU in emerging markets and China.
Climate-related disruption to these markets may result in geopolitical tensions and market fragmen-
tation [47]. There is little that a small country like the Republic of Ireland could do to guarantee access
to stable and affordable grain and soy imports in such a scenario.

Hotter drier summers in Ireland might reduce silage production (as well as cereal production in Ireland),
increasing the dependence of the beef and dairy sectors on imported feed. The risk of concurrent
impacts on cereal and soy production in the Americas and Europe is non-trivial [48]. The risk to beef
and dairy farmers of volatile feed prices is therefore a major issue for jobs and export earnings from
these sectors.
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If feed prices increase suddenly there will be short term drops in profits for Irish exporters. More acute
cereal and soy supply crises might even lead to reduced production in the sector, causing reputa-
tional risks for traders and retailers sourcing Irish produce, and potentially even job losses at farm or
processing facilities.

The marketability of Irish beef and dairy relies heavily on the sustainability and quality credentials
associated with the Irish pasture, which has a low carbon footprint and strong brand. If this becomes
less reliable as a result of climate change impacts within Ireland, the sector may have to rely more
and more on imported feed, which could negatively affect brand value and the competitiveness or
Irish exports, especially in premium markets.

Due to the high level of cross-border exchange within the dairy sector, in particular, these risks present
specific challenges for north-south cooperation. For example, many farms in the north of the Republic
of Ireland source feed that arrives in Northern Irish ports, for logistical reasons [49]. A significant
proportion of Northern Irish milk is sent across the border to be processed in the south, due to insuf-
ficient processing capacity. As such, the fates of the dairy sectors in each country are intertwined.
Collaborating on adaptation may present mutual benefits.

In the same vein, the agriculture and wider food and drink sector on the island of Ireland can also
identify opportunities in the face of transboundary climate risks. Some, particularly milder, near-term
impacts from climate change in other countries may result in occasional increases in harvests of
agricultural inputs used by Irish producers, meaning their price might dip, as well as rise. The relative
resilience of Irish pasture, given its temperate climate and the more severe projections of worsening
climate conditions in other parts of the world, might mean that Ireland’s competitive advantage is
maintained or even enhanced vis-a-vis beef and dairy competitors in other countries. The costs of
adaptation might be lower in Ireland than elsewhere.

The extent to which this translates into commercial advantage is hard to predict, particularly given that
Ireland’s food exports have become so import-dependent, linking farmers’ fates to those of agricul-
tural systems abroad, even when they also depend on relatively resilient domestic resources.

3.5 Current policy landscape and necessary measures

Agriculture is a heavily regulated sector. Regulators and stakeholders participate in an active eco-
system of market analysis, lobbying, research and monitoring and there is extensive policy coverage
across most aspects of the food production system across the island of Ireland. Nevertheless, the
wider food system upon which Irish consumers rely is less clearly governed. Risks to food affordability
stemming from multiple international supply chains are hard to manage. Protecting low income and
other vulnerable households is a matter of social policy as well as food policy. The policy landscape
for managing transboundary climate risks to food security and the Irish food system is therefore
quite broad.

The impacts of climate change on horticulture have already been identified as posing a health risk
for the UK [50]. Related risks were highlighted in the Northern Ireland summary of the 3 UK Climate
Change Risk Assessment® and in the EU Climate Risk Assessment (Chapter 6 in [21]) and the Trans-
boundary Climate Risks for the Island or Ireland report [51].

Adapting to impacts on food affordability could take various approaches. Incentivising more strate-
gic risk management by private sector supply chain operators can be partially achieved by adopting
more ambitious corporate risk disclosure regulations. Large companies in the Republic of Ireland are
required to comply with the EU’s new Corporate Sustainability Reporting Directive [52], which includes
requirements o identify and report on measures for addressing physical climate risks fo a company’s

8 For example risks: H9: Food safety and food security; ID1: UK food availability, safety and quality; and ID7: international
trade routes, see - see [20])
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operations. This Directive incorporates many of the recommendations of the Taskforce on Climate-
related Financial Disclosure [53], which have also been formally endorsed by the UK government. In
theory, this will facilitate more disclosure and therefore action by businesses to reduce supply chain
risks from climate change impacts, including those affecting food and feed imports vital for food and
nutrition security on the island of Ireland.

In addition, the UK is developing a Critical Imports and Supply Chains Strategy [54], as well as the
Department for Business and Trade’s Supply Chain Resilience Framework [55]. Similar initiatives should
be considered by the Republic of Ireland government. Inspiration may also be taken from other Euro-
pean governments, such as the Karlstad Declaration on Nordic co-operation for preparedness and
robustness related to food supply and forestry [56].

Initiatives to improve supply chain resilience via public procurement have been initiated in Northern
Ireland [57]. But a more comprehensive and overarching strategy for ensuring the resilience of critical
food supply chains on the island of Ireland is probably warranted.

As such, supply chain resilience does not represent a policy gap: the agenda is widely recognised as
important on both sides of the border. But there is still an undefined space between the traditional
remits of private supply chain operators and the state when it comes fo minimising risks to consumers.

A different way fo manage the same set of risks is to seek to expand fresh fruit and vegetable pro-
duction and supply chain capacity on the island of Ireland [58] [25]. Here an appropriate balance
needs fo be struck between investing in domestic capacity to reduce import-dependence, on the
one hand, and benefitting from the flexibility and resilience-potential offered by trade with multiple
supplier countries on the other. The Food Vision 2030 Report sets out various “missions” in this regard
[59]. Implementing aspects of the National Strategy for Horticulture 2023-2027 would also contribute
to this end [60].

Policies to improve nutrition security and health will also support adaptation to fresh fruit and vege-
tables price shocks [37]. One specific pathway is to ensure all school children have access to nutri-
tious food via free school meals: a much-explored policy tool in both the Republic of Ireland and
Northern Ireland [61].

There are also a range of opportunities for agriculture and the wider food system on the island of
Ireland in a world impacted by transboundary climate risk. The resilience of Irish agriculture relative
to other European countries, particularly those in southern Europe, means that, with sufficient adap-
tation to domestic impacts, food and drink exports from Ireland may become more competitive and
more profitable in the EU market. If lower levels of inputs are needed to adapt in Ireland, compared
to other countries, Irish agriculture exports - including beef and dairy - may also be able to market
themselves as relying on shorter, less impactful, more sustainable supply chains.

Consumers in Ireland may be able to benefit from more stable locally produced horticulture products
and thereby enjoy lower exposure to systemic risks in international markets, provided there has been
sufficient investment and strategic management of the food system on the island of Ireland. Policies
need to take into consideration the dynamic effects of transboundary climate risk in order to seize
opportunities for Irish producers and consumers.
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4.1 Introduction

This section explores the risks to the economy and society of the island of Ireland that stem from
climate change impacts on infrastructure, both on the island and around the world. It examines the
implications of tfransboundary climate risks to infrastructure for three key areas: 1) energy security;
2) the economy, private-sector businesses and public health, with a focus on the trade and supply
chain risks for key sectors (high-tech industries, financial services and pharmaceuticals); and 3) human
mobility, including matters affecting residents and the tourism industry. It provides an overview of
related policies that are in place and measures needed to help address risks.

A major climate threat that the island of Ireland faces is the impact of extreme weather events and
slow-onset climate change on built infrastructure, on either side of the island’s internal borders and
in other countries. Damage to infrastructure caused by heat, droughts, storms and floods can com-
promise essential services, including energy provision, mobility of people, transportation of goods,
communication systems and water access. The cascading effects of climate change through disrupted
services of critical infrastructure can in some cases cause greater damage to the economy and wider
society than the immediate and local climate impacts themselves [62]. The risk to critical infrastructure
has also been highlighted as major threat to European countries in the Europe chapter of the Sixth
Assessment Report of the UN Intergovernmental Panel on Climate Change and the European Climate
Risk Assessment [63, 9].

Infrastructure assets are often highly interconnected and interdependent through networks. A failure
of one infrastructure can cause widespread effects throughout the network and disrupt other infra-
structure services, often across borders and sectors. The Republic of Ireland and Northern Ireland
are therefore not only exposed to the effects on climate change on their own domestic infrastructure,
but also to the cascading effect of climate impacts on infrastructure across internal and external
borders with the UK and beyond. Moreover, the economic and societal repercussions to the island of
Ireland from climate-related damage to critical infrastructure in Europe and globally can be exacer-
bated by the simultaneous disruptions of multiple infrastructure and services by a single climate-
related event, as well as the compounding effects of multiple climate (and non-climatic) events that
occur consecutively over a short period of time or simultaneously in different locations.

Indeed, the risk environment facing the built infrastructure across the world has changed dramati-
cally over the last two decades, and the different climate hazards are increasingly testing the resilience
of Europe’s critical infrastructure. For instance, the extreme rainfall event in the catchments of the
Meuse and Rhine rivers in the summer of 2021, resulted in devastating floods in Germany, Belgium
and the Netherlands. The floods caused significant damage to railways, roads, electricity and gas
networks, water and waste-water treatment plants, requiring months to years to recover [64]. The
island of Ireland’s closest neighbour, Great Britain, also experienced by its wettest day on record on
19" October 2023 when heavy rainfall led to power outages, disrupted rail services, and airport and
port closures [65].

While World Bank analysis has emphasized the cost-effectiveness of investing in climate proofing
infrastructure, much of Europe’s infrastructure continues to age and deteriorate due to serious adap-
tation deficits and underinvestment [9, 66]. This neglect of infrastructure investment means that
Europe’s infrastructure — on which the island of Ireland depends for transportation of energy, goods
and people - is particularly fragile and vulnerable to the effects of climate change. In fact, the
annual damage to Europe’s critical infrastructure is expected to grow tenfold by the end of this cen-
tury due to climate change alone, with the industry, transport and energy sectors suffering highest
losses [67].
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Against this backdrop, the following sections explore the specific transboundary risks to which the
island of Ireland’s economies and society are exposed from the impacts of climate change on built
infrastructure around the world. In particular, the sections examine the transboundary climate risks
to the Republic of Ireland and Northern Ireland via international infrastructure on the industry, trans-
port and energy sectors.

4.2 Risks to energy security

Risk to energy security from damage to energy-

Medium
criticalinfrastructure abroad from extreme weather
and slow-onset climate change.

Confidence Medium
Policy status Watching brief
Risk to energy security from climate impacts on Medium Medium Medium

transport and production infrastructure abroad,
disrupting overseas supply of critical minerals.

Confidence High

Policy status Priority for policy action

Both the Republic of Ireland and Northern Ireland could be highly affected by the effects of climate
change on energy critical infrastructure on either side of the border between them, as indicated in
interviews with two government officials. This is because the island of Ireland operates an integrated
energy system, with two transmission links connecting the electricity networks on across the internal
border. There is also a considerable risk of cross-border effects from climate-related disruption to
energy infrastructure on the island of Ireland because most energy production and storage facil-
ities in the Republic of Ireland are in coastal areas and near rivers, exposing them to flooding from
excess rainfall and sea-level rise [7]. The same risks affect many of Northern Ireland’s thermal power
plants. While the Irish Electricity and Gas Networks National Adaptation Plan acknowledges the risk
from extreme weather on electricity networks, progress on adaptation efforts in this sector have
been limited, as reported in the 2024 National Adaptation Framework report [68, 69]. However, in
absence of a an “all-island” risk assessment for the energy system on the island of Ireland, it is diffi-
cult fo determine the implications for such intra-island disruption to energy flow for energy security in
each jurisdiction.

Perhaps of greater concern is the climate risk o energy-critical infrastructure that stems beyond the
island of Ireland’s external border, as emphasised by several government interviewees. The island of
Ireland is linked to the European energy market via Great Britain through the East-West and Moyle
interconnectors and two gas pipelines connected fo Scotland. Several government officials stressed
that any climate-related disruption to generation and transmission from these links could potentially
have a serious implication for energy security on the island of Ireland and for the Irish and Northern
Irish economies. These concerns may have some merit. A recent analysis showed around 60% of the
UK’s 4000 energy facilities examined are at risk from storm damage at a 1.6°C increase in global
average temperatures [70]. The island of Ireland could also be affected by indirect ripples in the energy
market, such as increased price volatility due to climate-related disruptions to wider European energy
infrastructure, which the European Environment Agency expects to become increasingly affected
by extreme heat (e.g. electricity generation and transmission) and inland flooding (e.g. electric sub-
stations, and oil and gas pipelines) in Europe, among other climate hazards [9].
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Two government interviewees stressed the Republic of Ireland’s particular vulnerability to the impacts
of climate change on overseas energy infrastructure due to its high energy import dependency, with
the lion’s share of the country’s primary energy demand being met with imported oil (48%) and natural
gas (31%) [71]. Most imports of refined and crude oil products come from the UK and the US, respec-
tively, whereas much of the gas is imported through a singular pipeline from Norway via Scotland.
The high import dependency and concentration of supply mean that the Republic of Ireland faces a
growing risk to energy security in the event of climate-related disruption to these oil and gas sup-
plies as the integrity and reliability of oil and gas infrastructure is increasingly challenged by many
climate hazards [72] [73]. These risks include damage to oil and gas pipelines due to flooding and
melting permafrost, reduced oil refinery operations due to extreme heat, and disruptions to offshore
oil and gas platforms due to hurricane and storms, among other risks [74] [75] [76]. Nevertheless,
while the magnitude of such disruption of overseas energy supply would be high, it is fairly unlikely
due to the relatively small number of energy infrastructure sites and high safeguards and protections
in place around these assets in a highly regulated sector [77, 78].

To achieve their respective EU and UK climate targets, the authorities in the Republic of Ireland and
Northern Ireland have both set out ambitious plans to boost the share of renewables in their energy
supply to 80% by 2030, alongside measures aimed at accelerating the electrification of the transport
sector [79, 80]. The share of renewable energy in Northern Ireland has already reached over 45% of
demand. The Republic of Ireland, meanwhile, is expanding its wind generation with the aim to reach
8GW of onshore and 7GW of offshore wind over the next few years [81] [82]. As implementation of
these policies continues, global demand is expected to soar for critical minerals that play a critical role
in the production of wind turbines, solar panels and batteries. Thus, while this ramp-up of green
technology is essential fo mitigate climate change and address energy security, the island of Ireland
will become increasingly exposed to the risks faced by these critical mineral-exporting countries -
many of which are in climate-vulnerable regions. For instance, the EU imports around 98% of its rare
earth metals and 94% of its magnesium from China, where many mining regions have experienced
extreme rainfall and flooding on nearly an annual basis [83] [84]. At the same time, Chile, which
holds the world largest lithium and copper reservoirs, has been severely affected by years of drought
and water stress, increasing concerns for the country’s water-intensive mining sector [85, 86, 87]. As
such, the likelihood of climate-related disruptions of critical minerals is considerable given the dis-
persed and water-sensitive nature of the mining sector. Although such disruptions are unlikely to
create acute risk to the security of the supply of needed minerals in the near term, they could create
a serious hindrance to decarbonisation efforts on the island of Ireland and create some long-term
risks for energy security.

4.3 Trade and supply chain risks

Risk to businesses, financial sector and overall IE: Medium

economy due fo climate-related supply chain

disruptions globally.

Confidence Medium

Policy status Priority for policy action

Risk to business operations, jobs and export- Medium --
revenues in the pharmaceutical industry from

climate-related disruption to global supply chains. NI: Medium NI: Medium
Confidence Medium

Policy status Priority for policy action
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Risk to public health from disrupted supplies of Medium Medium Medium
essential medicines and other drugs as a result of
climate-related disruption to global supply chains.

Confidence Medium

Policy status Priority for policy action

Risk to business operations, jobs and export-

revenues on island of Ireland, due to climate-related
disruptions to intra-island trade and with the UK.

Confidence Medium

Policy status Watching brief

The transboundary risks that the island of Ireland faces from climate-related disruptions to essential
raw materials and components stretch far beyond those critical o the energy sector. Risks from extreme
weather and slow-onset climate change to transportation and other built infrastructure, on the island
and elsewhere could disrupt trade for many raw materials and components essential to the econo-
mies and wider societies of the island of Ireland. The impacts of heatwaves, droughts, storms and
floods on roads, railways, seaports and airports around the world are already wreaking havoc on
international trade and the global economy [9]. For example, recent analysis has shown that 86% of
global ports are already highly exposed to multiple climate hazards, and that roughly 50% of them
are exposed fo extreme maritime conditions that could disrupt their operational capabilities [46]. With
maritime routes accounting for around 80% of global trade [88], such disruptions could have serious
ramifications for cross-border supply chains. The reliance on sea routes for commerce with the world
means that island economies are likely to be particularly exposed. Both economies on the island of
Ireland are certain to be affected by trade disruptions due to the climate impacts on supply chain
infrastructure beyond their respective borders. However, there are notable distinctions in the scope and
severity of the trade risks the two face, based on their own unique trade and economic vulnerabilities.

Figure 4.1. A global heat map showing comparison of aggregated damaged risk ratio across 2,600+
territories, based on modelled projections of damage to the built environment in 2050*

Notes: * The aggregated damaged risk ratio is the annual sum of damage in a state or province, where damage to all the buildings is
aggregated. The coloured areas highlight states and provinces most at risk from climate change and extreme weather, as indexed
by the extensive built-up areas coincide with exposure to climate change and extreme weather hazards.

Source: XDI’s Gross Domestic Climate Risk Analysis [89].
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Because the Republic of Ireland has a highly open and specialised economy, the country heavily
depends on international trade and access to global finance, manufacturing and raw materials. These
dependencies in turn, render its economy particularly exposed to disruptions to supply chains and
financial flows caused by climate impacts on transport infrastructure - especially in key bottlenecks
and manufacturing centres around the world. In fact, recent assessments show that much of the world’s
main supply chain infrastructure resides in high-risk locations for climate extremes (see Figure 4.1);
the cost of climate-induced disruptions of global supply chains is expected to reach up to $25 trillion by
2060 [89, 90]. The likelihood of such disruption is therefore high. And with businesses largely unpre-
pared to manage these climate risks, key industry sectors and the wider economy of the Republic of
Ireland could be severely affected by these cross-border climate effects, with corporate value chains
vulnerable to being upended by delivery delays, price spikes and shortages for a wide range of essen-
fial goods and services [91, 92].

High tech and financial service sectors are foundational to the Irish economy. Multinational and
domestic corporates play an essential role, importing various raw materials and components from
across the world and transforming them into high value-added goods and service. Repeated supply
disruptions and sustained shortages due to climate change can therefore cause serious disruptions
fo business operations and even significant job losses in the long haul. Indeed, several government
interviewees highlighted potentially serious economic ramifications of such disruptions in the pharma-
ceutical and IT sectors. More broadly, the lack of diversification in the Irish economy makes the country
particularly vulnerable, as reflected by the fact that only five corporates accounted for 43% of the
country’s export value in 2022, with the pharmaceutical sector playing a dominant role [93].

Given the global and interconnective nature of corporate and financial networks, the projected eco-
nomic cost from climate impacts on businesses, supply chains and their wider sectors could also
adversely affect global investments and financial flows, with serious ramifications for the financial
service sector and beyond. The projected economic implications of supply chain disruptions caused by
extreme weather events could have a knock-on effect on Republic of Ireland’s economy - leading to
reductions in foreign direct investment and diminished tax revenues for the government as the result
of poorer performance of multinational corporations. One government interviewee provided an
example, noting that the growing threat of wildfires in California could impact Silicon Valley-based
technology companies (e.g. Google, Meta) and that, given the significant corporate footprint of these
companies in the Republic of Ireland, this could have cascading effects on the Irish economy. Market
dynamics and the interplay with non-climatic drivers (e.g. disease pandemics and geopolitical ten-
sions) can amplify the effects on these risks. Nevertheless, the complex and systemic effects that such
supply chain disruptions can have upstream on the financial sector and global economy remain
poorly understood [9]. Therefore, even though the magnitude of this transboundary climate risk has
the potential to be high for the Republic of Ireland’s economy, the much of the literature projects this
risk fo be moderate over the next two decades.

Northern Ireland also faces similar, serious risks from climate-related disruptions to global supply
chains. Compared to the Republic of Ireland, however, the economy of Northern Ireland may stand
more to lose from climate-related damages to infrastructure and severance of trade with its closest
neighbours: the Republic of Ireland and the rest of the UK (i.e. Great Britain). The likelihood of dis-
ruptions to intra-island trade is considerable, given forecasts that extreme weather will increase in
frequency and intensity and the vulnerability of critical infrastructure services in the Republic of Ireland
and the UK to such events [103, 104]. The Republic of Ireland is Northern Ireland’s largest export market
- accounting for over 40% of the country’s overall goods exports at a total value of £5.2 billion. Thus,
any climate-inflicted disruption to the rail and road networks and flight connections that underpin
cross-border trade on the island could seriously harm the country’s export industries and revenues.
One Northern Ireland government interviewee said that the country relies significantly on transport
infrastructure south of its border because ports in Dublin and Cork have better infrastructure and
expansion plans, and the Dublin airport often has more convenient and competitive flight options.
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The exposure of the pharmaceutical industry to climate-induced supply chain shocks

Although most economic sectors are at risk from the effects of climate change on international trade,
the disruption of supply chains could be particularly severe for the thriving pharmaceutical industry on
the island of Ireland. The pharmaceutical industry largely involves research and development and high-
value manufacturing. The European Climate Risk Assessment has indicated that essential medicines
and other drugs rely on supply chains that are most at risk of disruption, largely due to the geographical
concentration of sourcing in climate-vulnerable regions and countries [9]. As a case in point, a recent
study jointly authored by the pharmaceutical company Astra Zeneca and the World Wild Fund for Nature
revealed that nearly 90% of global pharmaceutical manufacturing sites are already exposed to flood
risks and a 25% tfo risks relating to water stress [94]. Another assessment from the US showed that nearly
70% of manufacturing site in the top 10 states for pharmaceutical production are in high-risk areas for
tornadoes [95]. There is therefore at least a moderate likelihood of pharmaceutical shortages from supply
chains disruptions that could significantly harm operations of pharmaceutical businesses and the sector
at large in both jurisdictions.

The disruption to supply of medicine and pharmaceutical ingredients due to cross-border climate impacts,
can be especially dire for the pharmaceutical industry in the Republic of Ireland, which employs over
24,000 people in the country and was ranked as the world’s largest exporter of pharmaceuticals in 2022
[96, 97, 98]. Because the pharmaceutical sector in Ireland heavily relies on imports for a wide range of
pharmaceutical ingredients (such as vaccines, blood, cultures and nucleic heterocyclic compounds),
disruptions to upstream supply chains could inflict major harm on the Irish economy. Such disruptions
could compromise businesses operations of pharmaceutical companies on a sector-wide scale and, in the
long haul, lead to declines in export-driven economic growth, and, in turn, widespread job losses. Although
to somewhat lesser degree, similar risks also apply to Northern Ireland where the pharmaceutical indus-
try forms the backbone of a vibrant life science sector. This sector, valued at £2.4 billion, employed more
than 19,500 people in 2019 and accounted for the country’s third most exported commodity category [99].
The transboundary risks from climate changes to pharmaceutical supply chains also pose a growing
threat to public health on the island of Ireland. Such disruptions could jeopardise the availability and
access o essential medicines and other drugs. The disruption of pharmaceutical supply chain may not
necessarily threaten the supply of life-essential drugs, and, in some cases, drug substitutions can address
shortages. Nevertheless, the magnitude of such disruption could be considerable given the existing frailty
of pharmaceutical supply chains [100, 101, 102], the rising prevalence of antimicrobial resistance, and the
expected growth in infectious diseases due to climate change [9]. Such disruptions could be especially
devastating if they coincide with a pandemic outbreak or other health ailments - which are expected to
increase in the coming years due to climate change.

Yet transport infrastructure in other regions of the Republic of Ireland is particularly vulnerable to
climate hazards due to longstanding underinvestment, as noted by many sources. For example, the EU
Commission’s Regional Competitiveness Index 2022 ranked Northern and Western Region of Ireland’s
transport infrastructure 218" out of 234 regions in Europe. A Northern Ireland government interviewee
also expressed concern over the lack of infrastructure investments in recent years [105, 106, 107].
Another expert interviewed expressed concern about the lack of visibility of climate risk exposure and
the resulting uncertainty about related vulnerabilities of rural transport networks in Northern Ireland.
Other government interviewees pointed out the transport risks from climate change are geograph-
ically concentrated on the east coast, the location of urban and commercial centres of the Republic of
Ireland and Northern Ireland and much of the road infrastructure on which cross-border freight trans-
portation relies [108]. Recent plans by Irish authorities to conduct a thorough climate risk assessment
of Irish transport infrastructure that has the potential to ameliorate some of these risks [109]. Moreover,
any infra-island trade disruptions and economic impacts caused by an extreme weather event are
likely to be relatively short-lived. Repair and restoration of land-based transport infrastructure usually
can be undertaken relatively quickly. If road infrastructure damages are more severe, supply chains
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can be reconfigured fo use alternative mode of transport (e.g. via sea or air routes). As such, the mag-
nitude of impact from such trade disruption on the overall economy is likely to be relatively modest.

Northern Ireland is considerably exposed to tfransboundary climate risks that may compromise the
country’s access to essential imports from Great Britain, which accounted for 57% of total imports in
2022 [110]. Damages inflicted by climate change to transport and other critical infrastructure in Great
Britain could have detrimental effects on Northern Ireland’s economy through reduction or halt in
commodity flows with other UK trade partners. Risks relating to supply chain disruptions for Northern
Ireland involve the agriculture sector (see Section 3), and the advanced manufacturing and engineer-
ing industry a major backbone of the Northern Ireland economy. This sector, which accounts for 1%
of employment and 15% of gross value added, is especially vulnerable because of its high dependence
on imports from Great Britain [111]. This vulnerability is underscored by the findings of the UK’s Third
Climate Change Risk Assessment and other recent analyses, which project a growing risk to the UK’s
rail and road, sea and airport infrastructure from extreme temperatures, flooding and other climate
hazards [112, 113, 114]. Nevertheless, it is highly unlikely that damages to transport (and other critical)
infrastructure in the UK from extreme weather events will cause any long-term paralysis in cross-border
trade between the island of Ireland and the UK, or serious impact on their overall economies. As in
the case of intra-island trade disruptions, critical infrastructure functions can be restored relatively
quickly, and other transportation modes could be used as short-term substitutes. Furthermore, such
trade risks may be somewhat lower for the Republic of Ireland because Irish businesses have begun
to diversify their trade routes to circumvent the UK and avoid the challenging customs environment
that arose following the UK’s departure from the EU [115].

4.4 Risk fo human mobility

Risk to human mobility from reduced air travel due
to the effects of extreme weather on UK and global
airports affecting business operations, revenues
and jobs in the tourism sector.

Confidence Medium

Policy status Watching brief

Transportation infrastructure plays a vital role for the movement of people. Extreme weather events
on the island of Ireland could significantly restrict people’s ability to travel within either jurisdiction on
the island and across the island’s internal borders, potentially affecting whether people are able to
go to businesses to work. However, the digital tools and platforms to support remote work that came
intfo widespread use following the Covid-19 pandemic mean that the adverse effects of such disrup-
tions to human mobility are likely to be relatively limited.

By contrast, the damages caused by climate change to transport infrastructure outside the island of
Ireland’s borders could have serious acute consequences on the tourism industries in the Republic of
Ireland and Northern Ireland by hampering passenger travel from abroad. Prior to the Covid-19
pandemic, the tourism sector in the Republic of Ireland employed around 260,000 jobs across 20,000
businesses (mostly SMEs) and generated nearly £10 billion in revenues. In Northern Ireland, the sector
employed approximately 71,000 people and contributed £1 billion to the local economy [116, 117].

The tourism sectors on the island of Ireland largely rebounded in the years following the Covid-19
pandemic - even against the backdrop of high inflation and cost-of- living crisis in Europe. However,
the increased frequency and severity of extreme weather due to climate change are projected fo have
serious implications for the tourism sector in Europe and beyond in the coming years [118, 119]. More
flight delays and cancellations and higher prices for air travel are likely. Air travel is more vulnerable
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to risks from extreme weather and power failure than some other modes of tfransportation, largely
because aviation relies heavily on computerised systems for air navigation, instrument landing pro-
cedures and passenger processing [120].

Moreover, a recent analysis has shown that UK airports are among the critical infrastructure likely to
experience the most dramatic increase in climate risks, and that 30 UK airports are already at risk from
major storms [113]. Disruptions to flight operations from the UK could have adverse effects on the
tourism sector in the Republic of Ireland. Much of the air travel o and from the country involves UK
airports. For example, one week’s data from 2020 show between 117-153 flights per day between the
UK and Ireland [121]. Northern Ireland also faces this same transboundary climate risk [122]. Indeed,
the increased frequency and severity extreme weather events in the UK and beyond pose growing
risks for both the airline industry and the tourism sectors for the island of Ireland [123]. Nevertheless,
the overall effect on the tourism sectors and the wider economies on the island of Ireland is likely to
be modest. Such disruptions are transient nature, and air travel routes can be reconfigured through
unaffected airports. Climate change may also create opportunities for the tourism sectors on the
island of Ireland, which could counterbalance some risks. For instance, several government interview-
ees mentioned that the growing prevalence and severity of heatwaves in southern Europe is expected
drive an uptick in weather-related tourism in the northern parts of Europe, including the island of
Ireland, as Europeans try to avoid and escape the extreme heat. For these reasons, the likelihood and
magnitude of these infrastructure risks for the island’s tourism sector may be modest.

4.5 Current policy landscape and necessary measures

To avoid and minimise the disruptive effects of extreme weather and slow-onset climate change on
infrastructure services that are essential fo the economies and society on the island of Ireland and
beyond requires a suite of robust public policy measures and their strict enforcement. However, the
global and international nature of these infrastructure risks means that many of the most effective
policy levers to manage these risks are beyond the direct control of the governments of the Republic
of Ireland and Northern Ireland. In this regard, strategic industrial and trade policies on national, EU
and global levels can help lower transboundary climate risks by reducing the exposure of global trans-
port infrastructure and other supply chain assets to climate hazards or the vulnerability of these assets
to effects of these risks once realised. At the same time, to ensure that current and future infrastruc-
ture is built for a rapidly changing and increasingly volatile climate, policies on the island of Ireland
must strengthen infrastructure resilience through improved spatial planning and set appropriate
design and constructions standards for buildings and critical infrastructure. Broad-based adaptation
policies are instrumental in enhancing risk awareness, building capacity and incentivising investments
to climate-proof buildings and infrastructure.

On a global level, the Sendai Framework for Disaster Risk Reduction sets out a firm commitment by
UN member countries to promote resilience of new and existing critical infrastructure through better
urban and spatial planning, improved building codes and standards, increased public and private
investments, and, in some cases, consideration of relocation of critical infrastructure from high-risk areas
[124]. However, the non-legally binding nature of this agreement means that the level of ambition and
degree of compliance are likely to vary across countries. Thus, the Republic of Ireland government
and the Norther Ireland authorities should work together to leverage their joint diplomatic influence
(including via the EU and the UK) to promote stronger implementation of the Sendai Framework glob-
ally. The EU has taken progressive steps in recent years to facilitate the climate-proofing of buildings
and critical infrastructure through its latest adaptation strategy and wider policy frameworks [125].
Among the most important EU policy levers in this context is the recently adopted Critical Entities Resil-
ience Directive, which obliges EU member states to conduct risk assessments (including for climatic
hazards) for energy, transport and other critical infrastructure [126]. The recent revisions of the Trans-
European Transport Network (TEN-T) and the Trans-European Networks for Energy (TEN-E) regulations
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place stronger emphasis on risk assessment and adaptation measures to climate-proof key energy
and transportation infrastructure networks across Europe. In addition, the EU has recently published
technical guidance on climate proofing infrastructure 2021-2027 with the view to ensure a common
and rigorous approach to mainstream climate adaptation into infrastructure projects funded by the EU.
A range of other EU policies - the updated Eurocodes, the revised Energy Performance of Buildings
Directive and the Renovation Wave, for example - is increasingly considering infrastructure risks from
climate change.

Alongside the revised TEN-E regulations, EU regulations on risk preparedness in the electricity sector
play an important role in enhancing the resilience of energy production facilities, storage and trans-
mission infrastructure across EU member states. As a result, these policies will improve energy security
for the island of Ireland by helping to address risks that stem from increasing climatic threats to
energy-critical infrastructure in Europe. At the same time, national-level energy policies that facilitate
increased domestic generation and diversification of supplies have an important role in minimizing
transboundary climate risks to the energy sector. Examples include the planned interconnector
between the Republic of Ireland and France and a second transmission link between the Republic of
Ireland and the UK via Wales. Ireland’s National Energy Security Framework also includes provisions
around the important issue of strategic oil reserves (equivalent to at least 90 days of consumption, an
important contingency in case of climate-related disruptions in oil supply) [127].

Energy security risks to the Republic of Ireland relating to its heavy reliance on overseas oil and gas
(as well as electricity) are likely to diminish as the country continues its progressive shift fowards
domestic renewable energy sources, as pointed out by two government interviewees. However, one
official indicated that the benefits of this green transition for the Republic of Ireland’s energy security
could be hampered by increased energy demand from data centres, should the Irish government con-
tinue to seek to attract them as a strategy to bring in foreign direct investment [128]. The International
Energy Agency reports that data centres account for 17% of the energy consumption in the Republic of
Ireland, and it indicates that this figure could double by 2026 [129]. As such, the government’s indus-
trial strategies must be developed in alignment with energy security objectives, as climate change may
exacerbate the tensions between these competing policy demands.

The transition towards greater domestic production of renewable energy increases the exposure of
the Republic of Ireland to climate-related supply chain disruptions; however, the EU has made signifi-
cant efforts to safeguard supplies of critical minerals that are essential for the decarbonisation of the
energy system on the Republic of Ireland and in other EU member states. The Critical Raw Materials
Act adopted by the EU in 2024 sets ambitious 2030 targets to diversify EU supplies for critical raw
materials and intfroduces various measures to enhance risk preparedness of supply chains [130]. The
UK has also published a strategy to improve its capability to forecast and response to climatic (and
non-climatic) shocks to global supply chains. This UK strategy is likely to help ameliorate such supply
chain-related risks to Northern Ireland’s energy security [131]. Overall, there is considerable aware-
ness at both national and EU levels of the transboundary risks to energy security via existing energy
critical infrastructure and essential supply chains for new low-carbon infrastructure. Nevertheless,
policy efforts must increase to address the risks, particularly those related to essential supply chains.

Trade policies and industrials strategies on both EU and national levels also have an integral part to
play in reducing transboundary climate risks - including threats to trade and energy security - for
infrastructure beyond the Europe’s external borders. Many public policies at EU and national levels in
Europe have recently tried to address transboundary risks to supply chains by diversifying and short-
ening supply chains and establishing inventory buffers, albeit largely in response to non-climatic risks
(i.e. pandemic or geopolitical tensions) [9]. However, one government interviewee expressed concerns
that the EU’s current emphasis on establishing strategic autonomy could in some instances create
restrictions to supply chain diversification and make trade dynamics less agile to respond to climate
shocks. These and other national policies that restrict trade and take isolationist approaches are also
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likely to weaken the ability of inter-governmental bodies such as the World Trade Organization to
infroduce and employ policy levers that could address these trade risks more systemically. Moreover,
although current prevailing policy prescription might prove relatively effective in managing transbound-
ary risks from more localised and timebound threats, these measures alone might be less effective in
addressing more systemic and sustained risks from climate change. As such, a greater recognition is
needed among policymakers on the importance of increased investment in climate-proofing existing
supply chain configuration.

Fortunately, the EU has begun fo take steps to this end. The Corporate Sustainability Reporting Direc-
tive (CSRD) and the revised European Sustainability Reporting Standards (ESRS) that have recently
been adopted by the EU will improve the transparency of European supply chains and may stimulate
some adaption actions [9]. For instance, the ESRS will oblige larger companies to conduct materiality
assessments, disclose the physical climate risks in their own operations and value chains, and report
on adaptation policies and measures. Similar reporting obligations have been introduced by the UK
government through its Climate-Related Financial Disclosure Regulation [132]. The resulting improve-
ments in companies’ risk management practices from these policies are likely to reduce climate-related
risks to global supply chains.

The Republic of Ireland government is currently conducting an assessment of the country’s trade
dependencies to map sourcing locations and supply chain vulnerabilities. However, the prevailing
policy approach adopts a generic resilience perspective and is at risk of neglecting the systemic and
bespoke nature of climate risks. The Irish government and the authorities in Northern Ireland should
therefore supplement these EU-level efforts by implementing policies on to specifically facilitate public-
and private-sector investments into climate adaptation - especially in sectors that are strategically
important and highly vulnerable to climate change. Among these sectors are agriculture, energy, and
pharmaceuticals. Such policies could entail increasing access to adaptation finance (especially for
small- and medium-sized companies) through corporate grants, loan guarantees and low-interest
finance to enhance business agility and resilience to supply chain shocks. Public procurements can be
leveraged to create market incentives. The Republic of Ireland government must also explore avenues
to expand its industrial foundations to enhance the country’s economic resilience through diversifi-
cation, while recognising that the pursuit of industrial and trade policies that further increases the
economic dependencies on vulnerable sectors, will potentially amplify the severity of transboundary
climate risks to them.

With the island of Ireland already experiencing rapid changes in its climate [133], public policies and
cross-border collaborations between the Republic of Ireland and Northern Ireland must be strength-
ened to more effectively manage the transboundary infrastructure risks from extreme weather and
slow-onset climate effects within the island itself. In the Republic of Ireland, climate adaptation plan-
ning in the transportation sector has progressed well in recent years - especially with respect to risk
identification and adaptation action, according to the Irish Climate Change Advisory Council’s latest
scorecard [134]. In the absence of freight train transportation, it is particularly important to ensure
that motorways and major road networks on the island are designed and maintained to withstand
increased risk from flooding and extreme temperatures. The high reliance on road transport, especially
along key commercial routes, makes this vital [135]. By contrast, the scorecard shows that adaption
planning for the Irish gas and electricity sectors has been inadequate across the board. Limited risk
analysis has been undertaken for the sector. Existing electricity infrastructure has been found to be
at considerable risk from climate hazards, such as flooding. Adaptation planning for other critical infra-
structure, including communications networks and water-service infrastructure, has also been found
to be lacking to varying degrees.

Both rail and road transportation infrastructure in Northern Ireland is at significant risk from climate
change due to the absence of explicit adaptation targets and insufficient policies and plans, according
to the UK Climate Change Committee (CCC) [135]. The CCC also concluded that the degree of climate
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risk preparedness and adaptation planning for airports and seaports was too obscure to evaluate
because of the lack of reporting procedures and assignment of risk ownership to private operators.
It described the situation in the energy sector as especially bleak; risks to production facilities and
network assets were only minimally integrated into existing policies and plans, and statutory responsi-
bilities and oversight regarding the climate resilience of the energy system had yet to be established, it
said. Thus, the government of the Republic of Ireland and the Northern Ireland authorities should
leverage their complementary expertise and capabilities to strengthen cross-border collaboration
and coordination fo ensure greater actions and investments in the resilience of critical infrastructure
and address other underlying vulnerabilities. As an example, the Republic of Ireland already has a
strong working relationship with the UK in the energy sector as part of an existing memorandum of
understanding on security of supply. This relationship should be leveraged further to undertake joint
risk assessments and adaptation planning exercises to address shared climate risks and existing adap-
tation deficits in the sector.

More broadly, there is a need for the Republic of Ireland and Northern Ireland to engage in more
active dialogue and take a joined-up approach to address the investment deficits in transport infra-
structure on the island and boost investment in climate adaptation. A good example of an “all-island”
approach in practice is the Republic of Ireland’s government recently announced €800 million invest-
ment package, which includes transport infrastructure investments benefitting both jurisdictions [136].
As one government interviewee stressed, however, the package needs detailed risks assessments and
a harmonised approach to adaptation to address the potential impacts of climate change on intra-
island trade for each jurisdiction and cross-border effects. Such cross-border collaboration could
entail conducting a cost-benefit analysis, creating contingency plans on an island-wide basis for such
climate-related trade risks, and addressing some of the existing trade hurdles and risks of greater
fragility of the island’s supply chains caused by the UK’s departure from the EU. Bilateral policy channels
and political forums, such as the Irish-British Council, could also help stimulate pragmatic coopera-
tion between the island of Ireland and the wider UK. For example, such efforts could help increase
efforts fo enhance the climate resilience of critical, cross-border infrastructure, such as airports, and
encourage greater investment in adaptation in the aviation and shipping industries.
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5. TRANSBOUNDARY CLIMATE RISKS TO BIOPHYSICAL
SYSTEMS AND ECOSYSTEM SERVICES

5.1 Introduction

This chapter explores risks to Ireland’s biodiversity, ecosystems and natural resources - as well
as the socio-economic services they provide - from impacts of climate change that occur beyond
its borders. We can think about the biophysical nature of fransboundary climate risk manifesting in
three ways:

at origin: climate change impacts a biophysical system in one country and generates a socio-
economic risk to another

via transmission: climate change impacts a fransboundary biophysical ecosystem that acts as
a conduit for a risk between countries

at end-point: climate change impacts a socio-economic system in one country and generates
a biophysical risk o another [137].

The movement of species, pests or pathogens from one country or region to another may be consid-
ered an example of the first type of risk, and the transfer of water within a shared hydrological system
anillustration of the second [138]. Land and air can also act as conduits for this second type of trans-
boundary risk [139]. A reduction in a recipient country’s biodiversity or conservation finance - from a
donor reallocating such funds to manage their own climate impacts - may be considered an example
of the third type of risk.

Except for risks transmitted through seas and oceans, the second type of transboundary climate risk
will only link neighbouring countries. However, those facing risks of types one and three could be
geographically distant from where the risk originates, if climate change disrupts an ecosystem in one
country on which another depends for its services (such as global trade in fimber) [138].

Ireland is exposed to all three types of risk. This summary will dive deeper into those transboundary
climate risks identified as posing “a significant threat” to the island’s ecosystems, biodiversity and
natural resources [140]. It will further develop risk transmission pathways and indicate the severity of
these risks, before setting out promising policy mechanisms for tackling them.

It is important to note that changes in ecosystems worldwide could present even greater cascading
climate risks to the island of Ireland’s socio-economic security than those explicitly considered. These
could be catalysed by a global tipping point — a monsoon shift that induces largescale changes to
agricultural markets, the dieback of the Amazon rainforest or a shift in Boreal forests, for example
[212] - or a localised effect that nevertheless generates a highly specialised risk to either of the two
jurisdictions. Such “grey swan” events may be hard to predict, but given the magnitude of their effect,
require a transformative approach to resilience-building in the face of climate change [213].

5.2 Ecological risk: ecosystems and biodiversity

Ecological risk to ecosystems and biodiversity
from climate-induced changes in invasive species,
movements of plants and animals, and infectious
diseases.

Confidence High

Policy status Priority for policy action
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We identify a cluster of four risks to the island of Ireland from invasive species, movements of plants
and animals, and infectious diseases. This section first describes an ecological risk to Ireland’s diverse
ecosystems and the biodiversity they support. We then highlight three socio-economic risks associ-
ated with the services such ecosystems supply, via the blue economy, forestry, and agriculture.

There is a high likelihood that climate change will generate an ecological risk to the island of Ireland’s
ecosystems and biodiversity through an upsurge in invasive species, movements of plants and animals
(i.e. shifts in their range, migratory patterns and/or population dynamics) and infectious diseases.
The magnitude of this risk is also assessed as high and deemed to be particularly acute because of the
island’s geography, with limited opportunities for redress once some risks materialise (e.g. the estab-
lishment of invasive species).

Climate change creates cascading consequences for invasive species [141] and cultivates conditions
that drive their establishment, growth and spread. Introductions of alien species are reported to be
rising at “unprecedented rates” and now total over 37,000 around the world, 3500 of which are clas-
sified as harmful [142]. Invasive non-native species can generate severe ecological risks to nature,
catalysing dramatic changes to ecosystems and representing one of the top five direct drivers of bio-
diversity loss worldwide [142]. A global meta-analysis finds decreases in species richness associated
with biological invasions of 41% among birds, 27% in terrestrial habitats and 21% in aquatic habitats [143].

The cumulative effect of invasive species does not stop with the sectors that directly rely on ecosystem
services (such as fisheries, forestry and agriculture), but percolates throughout a country’s economy
and society to “reach every place, every priority, and every agency” [144, p. 1]. IPBES estimates the
global economic cost of invasive species to exceed US$423 billion each year, with costs quadrupling
every decade since 1970 [142].

The IPCC finds that longer growing seasons in Northern Europe and western Central Europe, and
increasing sea temperatures, will support the infroduction and establishment of terrestrial and marine
invasive species, respectively [145]. There are already 1,277 non-native species recorded on the island
of Ireland, with 193 species classified of high and medium impact or singled out under EU Regulations
[146]°. The threats invasive species pose to Ireland have recently made headlines [147] and aware-
ness of them was high among our interviewees - including their effects on complex ecosystems -
though many also emphasised insufficient understanding and integration (in policy) of the effect of
climate change on invasive species and consequences for the island’s nature reserves and national
parks. The 2024 IPBES Invasive Alien Species Assessment finds that their effects are most acute on
islands: alien species have played a key role in 60 percent of global plant and animal extinctions, with
90 percent of these reported from islands, and alien plants now outnumber native plants on over a
quarter of islands worldwide [142].

The European Climate Risk Assessment [21] reports that climate change, alongside other factors, is also
causing a wide variety of plants and animals in Europe to move and/or expand their geographical
ranges north (and uphill), resulting in a “redistribution of biodiversity” across the continent [145]. Such
shifts could see the movement of species from the Republic of Ireland to Northern Ireland: the potential
for a north-east shift of Ireland’s waterbirds’ ranges has already been recognised [148]. Changes in
species composition are already being observed in Europe and present disruptions to the functioning
of ecosystems at origin and endpoint. Changes in the distribution of major tree species are projected
for all European regions at 1.7°C of global warming and northward distribution shifts of marine popu-
lations and communities are already evident across all European sub-regions (including some species
redistributions) [145]. Climate change is also catalysing changes in the phenology™ and distribution of
migratory species [149]. These effects are particularly prevalent within Ireland’s aquatic environments

9 Some sources report much higher estimates for the UK, although lack of data and definitional clarity lead to a wide
range of estimates.

10 Phenology refers to natural phenomena that recur periodically in plants and animals and the relationship between
these phenomena and seasonal or climatic changes [240].
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(see below). But with the island’s unique positioning (on the western edge of many waterbirds’
wintering range), and with climate change creating more hospitable wetlands further north (reducing
the need for birds to fly as far south), the effects may be particularly acute: in the last two decades,
populations of Ireland’s wintering waterbirds have fallen 40 percent, with shifting migration patterns
causing cascading effects on ecosystem services through climate-induced “phenological mismatches”
[18] [150] [151].

Such phenological mismatches - related to the different responses of species o climate change - also
suggest increases in the volume and geographic distribution of pest outbreaks [152]. The European
Climate Risk Assessment reports on the “unprecedented incidences” of insect outbreaks documented
in Europe and the direct and indirect ways such outbreaks contribute to biodiversity loss (through the
increased need for pesticides, for example) [21]. Its island geography may offer Ireland some protec-
tion from such outbreaks, but not from the increased risk of imported pests via international trade.
All three dynamics — geographical changes in species’ range, migratory patterns and population out-
breaks - could manifest as transboundary climate risks to the island’s ecosystems and biodiversity.
Apart from insect outbreaks, however, they could also present ecological and socio-economic oppor-
tunities that warrant further investigation.

Infectious diseases in plants and animals are another conduit for transboundary climate risk. Research-
ers are increasingly documenting evidence of the impacts of climate change on pathogens and their
vectors - including extensions in their geographic range - and the new risks to animal [153] [154],
plant [155] [156] and human health [157] they present in places hitherto unaffected [158]. This includes
Europe [21].

The IPCC finds with high confidence that climate change “alters the prevalence, distribution and load
of pathogens and their vectors” [145]. While globalised trade and human mobility are two of the most
significant drivers of this risk across borders, infectious diseases can also spread through migrating
animals - birds or fish heading south from Scandinavia or north from Africa, for example. They can
manifest in an ecological risk directly (by introducing an infectious disease) or indirectly (by reducing
the number that migrate). An outbreak of avian flu among Irish seabird colonies in 2023, for example,
was deemed “alarming and unprecedented” [159], reflecting a trend in virus evolution and dynamics
that could be linked to climate change [160]. The EU Climate Risk Assessment also articulates the
detrimental impacts of climate change on the health of pollinators, whose diversity is in sharp decline,
driven also by the effects of invasive species [21]. While infectious diseases in plants and animals
catalyse biodiversity loss, a recent meta-analysis indicates the reverse also holds true: biodiversity
loss, climate change and the introduction of non-native species were found to be the most significant
environmental drivers of infectious disease outbreaks [161].

Some of the above risks may transmit between the two jurisdictions within the island of Ireland. The
highly invasive floating pennywort, for example, was cited in research for this study as posing a major
risk to native biodiversity, ecosystems and conservation goals in the Republic of Ireland, if it were to
spread across the border from Northern Ireland. Others may originate from Great Britain, Europe or
further afield. One interviewee drew attention to the transboundary transmission of diseases such
as ash dieback and Dutch elm disease, exacerbated by low afforestation levels and the need to import
significant quantities of timber: “90% of Ireland’s ash is going to die because of the consignment of
imported disease ... So having a lack of self-sufficiency makes Ireland very vulnerable to such situa-
tions.” Fireblight is another disease that has recently made headlines [162]. Cross-border trade is a
significant conduit for these risks and highlights the need for coherence across biodiversity, frade and
forestry policies and practices.

The threats posed to ecosystems and society by climate-induced species invasions is one of 36 risks
identified in the European Climate Risk Assessment and is rated as “substantial” in the current/near
term (2021-2040) [21]. A further risk to food web dynamics and related ecosystem services due to
phenological changes and species distribution shifts is also rated as “substantial” [21]. The future
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magnitude of risks from pests, pathogens and invasive species to terrestrial and freshwater species
and habitats in Northern Ireland is assessed as being medium by mid-century, but with high urgency,
indicating new, stronger or different government action is required. Colonisation by new species is
classified as a potential opportunity [163]. The need to prioritize research to better predict the impacts
of pests and diseases is highlighted in the Third Climate Change Adaptation Scorecard [164].

5.3 Socio-economic risks, the blue economy, forestry and agriculture

The blue economy

Socio-economic risk to the blue economy from Medium Medium Medium
climate-induced changes to invasive species,
movements of plants and animals, and infectious

diseases.
Confidence Low
Policy status Priority for policy action

The likelihood that climate change will generate a socio-economic risk to the island of Ireland via the
blue economy - through an upsurge in invasive species, movements of fish stocks (i.e. shifts in their
range and migratory patterns) and infectious diseases - is assessed as medium. The magnitude of
this risk is also assessed as medium — with the potential for detrimental impacts in part mitigated by
the potential to harness new opportunities.

Climate change poses the single greatest threat fo marine ecosystems [165], with cascading risks for
the blue economy and the sectors that it constitutes, such as fisheries, aquaculture, tourism, transport
and energy. It is forecast that climate-induced declines in ocean health could cost the global economy
US$428 billion per year by 2050 [166]. Shifts in the spatial distributions of economically important
marine species are already affecting these sectors [167] [168]. Fish stocks are experiencing an expan-
sion in range and a poleward shift, with an average northward expansion of over 140 km per decade
registered in the north-east Atlantic Ocean [145] [21]. Cold-water species, such as cod and herring,
are at the southern limits of their range in Irish waters, and their replacement with warm-water species
is expected to continue [163]. Relative fo many other parts of the world, high concentrations of alien
marine species are also established in waters off the Irish coast [142] and consultations suggest that
many future risks of invasive species are likely o be aquatic [18]. Interviewees cited declining popula-
tions of various species of fish, oysters and native crayfish as examples of concern.

Threats to marine ecosystems from climate change in combination with other anthropogenic drivers

I"

are classified as “critical” in the current/near term by the European Climate Risk Assessment [21]. The
future magnitude of risks from pests, pathogens and invasive species to marine species and habitats
in Northern Ireland is assessed as increasing from medium at present to high in future, with new,

stronger or different government action required.

These risks have potentially significant economic implications for both the Republic of Ireland and
Northern Ireland. The 200 miles of Ireland’s exclusive economic zone houses nursery and fishing
grounds for both Ireland’s fleet and other EU fleets. The seafood industry, supported by 2,000 fishing
vessels and aquaculture sites, was reported to contribute €1.26bn to the Irish economy in 2021 and
sustain 16,000 jobs. €37.3m was allocated in 2023 for capital projects in Ireland’s six fishery harbour
centres [169], while multi-million pound investments are also being considered in Northern Ireland’s
three key fishing harbours [170]. Ireland currently holds significant quota share for various cold-water
species whose populations may experience dramatic declines in Irish waters [18]. On the other hand,
the Irish Sea is projected to experience large increases in hospitable habitats [171], while indications
suggest warm-water species such as hake, anchovies, bluefin tuna and sardine may experience
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increases in population off the Irish coast [18]. Ireland currently has only small quota shares for such
species [18]. Understanding and weighing the risks and opportunities will require granular assess-
ments and public-private cooperation. The IPCC concludes that redistribution of the fixed allocation
scheme for total allowable catches will be a major governance challenge for adaptation in Europe
[145]. The need to better understand fish stock distribution is also noted in the Third Climate Change
Adaptation Scorecard [164].

It is not only export industries that face a risk from shifting fish stocks, but also imports of fish and sea-
food to the Republic of Ireland and Northern Ireland from similar phenomena happening worldwide.
The shifting of open-ocean fish stocks has been identified as a global transboundary climate risk
[139]. Multiple interviewees noted the potential devastating ecological, economic and social impacts
of climate-induced tipping points - such as a diversion or dramatic change of the Gulf Stream and
Atlantic Meridional Overturning Circulation (AMOC), or significant melting of the Greenland iceshelf
or in the Antarctic, as a result of climate change.

Forestry and agriculture

Socio-economic risk to the forestry sector from Medium
climate-induced changes to invasive species,

movements of plants and animals, and infectious

diseases.

Confidence Low
Policy status Priority for policy action
Socio-economic risk to the agricultural sector Medium Medium Medium

from climate-induced changes fo invasive species,
movements of plants and animals, and infectious

diseases.
Confidence Low
Policy status Priority for policy action

The likelihood that climate change will generate a socio-economic risk to the island of Ireland via
both the forestry and agricultural sectors - through an upsurge in invasive species, movements of
plants and animals (i.e. shifts in their range, migratory patterns and/or population dynamics) and
infectious diseases - is assessed as medium. The magnitude of this risk is assessed as low for the for-
estry sector, and medium for the agricultural sector, given their relative importance to the economies
of both jurisdictions.

Invasive species present risks to the productivity of both the forestry and agricultural sectors in the
Republic of Ireland and Northern Ireland. In a report prepared for An Féram Uisce, Lucy et al. esti-
mate that invasive species cost the Republic of Ireland €2.1 billion in 2020 (a tenfold increase in a 2013
estimate) and that the annual cost could reach €26.5 billion by 2030 [172]. The annual cost of invasive
species for Northern Ireland was estimated to be £150m in 2021, including £85m in annual costs fo
the forestry sector (o 2942 percentage change since 2013) and £40m in annual costs fo the agricul-
ture sector [173]. Eschen et al. find that invasive species now cost the UK economy an estimated £4bn
annually - up 135 percent from a 2010 assessment — with impacts not only on agriculture and forestry,
but on construction, development and infrastructure, and tourism and recreation too [173].

One fifth of forest biomass loss across Europe is caused by insect outbreaks that the European Climate
Risk Assessment finds are likely to worsen under future climate predictions [21]. A 2021 report finds that
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33.4 billion tonnes of Europe’s forest biomass is at risk from fires, windthrows and insect outbreaks
under a changing climate [174]. As such outbreaks expand geographically (facilitated by trade, travel
and the shifting distributions of plant pests), they may present a transboundary risk o the forestry sec-
tors of both national jurisdictions, with significant economic consequences: a 2022 report estimates
that the forestry and wood sectors contribute more than €2 billion to the Irish economy each year
[175]. Interviewees cited the rising risk of bark beetle associated with droughts and warmer tempera-
tures in particular [176]: “our state forestry company has nightmares about bark beetle and what it will
do to conifers in this country; they understand it is marching across Europe at present and people are
felling forests in advance of it”. The IPCC find that >3.4°C of global warming would make large parts
of Europe - including western Central Europe - suitable for pests such as wood beetles and increase
economic losses for the forestry industry [145].

The potential effects of climate change on agricultural insect pests have also long been recognised
[177]. The European Climate Risk Assessment distils some of their effects for the agricultural sector in
Europe, including the destruction of crops, increased requirement for pesticides, and detrimental
effects on livestock [21]. Across the world, up fo 40 percent of crops are lost annually fo plant pests
and diseases, costing US$220 billion [178]. Around 137,500 farms produce over €8.2 billion in output
in Ireland across 4.5 million hectares of land [179]. Gross output of Northern Ireland agriculture was
estimated at £3.07 billion for 2022 [180]. The dependence of the Irish economy on agricultural output
increases the magnitude of the risk associated with insect outbreaks, while a rise in infectious dis-
eases of plants and animals will also hit both sectors hard [181] [182] [183]. The IPCC finds, with high
confidence, that climate change is leading to the expansion in range of pests, weeds and diseases that
have a detrimental effect on the health of European crops [145].

Ireland’s Great Famine was, of course, caused by a disease that spread from continental Europe and
destroyed the potato crop, but interviewees also raised threats to livestock and poultry. These include
risks from established diseases such as liver fluke, whose rise is linked fo climate change [184] and is
reported to cause annual losses to the livestock and food industries of €2.5 billion worldwide, including
€90M to Ireland [185]. They also include projected risks, posed by the Bluetongue virus, for example,
as it moves further north (with the changing climate) in Europe. Northern Ireland’s climate risk assess-
ment cites the implications of climate-related expansions in parasites on the lambing industry, and the
potential for changing wind patterns to blow over vectors from continental Europe [163]. Migration
also plays a role. Avian flu (also discussed above) has reportedly led to the culling of over half a billion
farmed birds since 2021 [186]: while Ireland has so far avoided the substantial losses other countries
have faced, a 2024 assessment of its incursion into Northern Ireland poultry flocks rates the risk level
as “medium” [187].

The European Risk Assessment classifies the risk to forest ecosystems and the carbon sink from more
severe and frequent hot-dry events and related insect pest outbreaks as “substantial” in the current/
near term [21]. The risk of large-scale cascading impacts across sectors from such forest disturbances

is also rated as “substantial” [21]. The future magnitude of risks from pests, pathogens and invasive
species fo both forestry and agriculture in Northern Ireland are assessed as increasing from medium

at present to high in future, with new, stronger or different government action required.

Collectively, the socio-economic risks caused by transboundary climate impacts on the blue economy,
forestry and agricultural sectors could be significant. The agri-food sector in Ireland, which includes
primary production in farming, fishing and forestry, as well as the processing and manufacture of food,
beverages and wood products, exported goods valued at €18.98 billion (9%) in 2022 and employed
165,000 people [188].

Total gross output for agriculture in Northern Ireland was £2.87 billion in 2023, generating £341 million
in total income, while fishing and seafood industries are reported to create an annual turnover of
£135 million and the Forest Service generate £13.9 million of income (2022-2023) [189] [170] [190].
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5.4 Ecological and socio-economic risks: water systems and services

Ecological risk to Ireland’s transboundary river
basins and the ecosystems and biodiversity they
support from climate-induced water stress.

Confidence Low

Policy status Watching brief

Socio-economic risk to water services from climate-

induced stress on transboundary river basins. --

Confidence Low

Policy status Watching brief

We identify two transboundary climate risks to the island of Ireland from increased water stress on the
island’s three shared river basins and 34 groundwater bodies: an ecological risk to the island’s trans-
boundary river basins and the ecosystems and biodiversity they support, and a socio-economic risk
via impacts on the island’s water services.

Invasive non-native species and the changes in species distribution noted above are also known to affect
inland water sources [148], but this section focuses on the wider threats to water security and services.

The likelihood that climate change will generate an ecological risk to the island of Ireland’s trans-
boundary river basins or generate a subsequent socio-economic risk from the impacts of climate-
induced stress on water services, is deemed low. The magnitude of both risks is also assessed as low,

although further research may be required to

. tential i t Irel ’s t -
Figure 5.1. Transboundary aquifers shared assess potential impacts on Ireland’s fransbound

between Northern Ireland and Republic
of Ireland projections info cooperative arrangements and

ary hydrology, as may action to integrate climate

management plans.

Globally, climate change is infensifying the hydro-
logical cycle, making floods and droughts more
likely and/or more severe, and generating water-
related risks that are projected to increase with
every degree of global warming [191]. A new
assessment for Ireland - covering 37 catchments
- projects increased flows in winter and reduced
flows in summer, together with large reductions
in annual low flows [192]. This correlates with other
evidence suggesting seasonal droughts are likely
to become more frequent and severe [193] [194].
By the end of the century, 40 percent decreases
(or more) in river flows and groundwater could be
experienced during Irish summers. These projec-
tions correlate with observed trends in Ireland and
across Europe and generate upstream effects (e.g.
on saltwater intrusion) that cascade downstream
[145]. And yet, with a projected 20 percent increase

Source: Third UK Climate Change Risk Assessment Technical
Report: Summary for Northern Ireland (Climate Northern

Ireland, 2023). mid-late century overall, and an anticipated rise

in the volume of water flowing through rivers by
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in extreme rainfall events, increases in flood frequency and intensity are also anticipated [195]. The
European Climate Risk Assessment rates the risk to the population, infrastructure and economic activ-
ities from pluvial and fluvial flooding as substantial now and in the near term [21].

In light of such impacts, there are two shared river basin districts - Neagh Bann and North Western —
that could act as conduits for transboundary climate risk between Northern Ireland and the Republic
of Ireland. They present both an ecological risk — the degradation of ecosystems downstream and
disruption of habitat connectivity, for instance — and a socio-economic risk, given the challenges for
water management such trends and forecasts represent.

Across the island, these risks could take the form of water supply shortages (75-80 percent of Ireland’s
potable water is drawn from surface water sources) and reduced water quality (from increased
eutrophication, algae blooms and pollution due to drought or stormwater run-off) [194] [148]. More
granular analysis of the cascading effects of such impacts on each transboundary catchment area is
required, but several interviewees for this study noted the potential for transboundary climate risks to
arise related to droughts and floods within shared basins and potential implications for water abstrac-
tion policies across the two jurisdictions. Others cited the impacts of climate change on freshwater
bodies across Europe and beyond, as well as the shifting water cycle globally, arguing how little is
known about the potential disruptions to Ireland as a result.

The impacts of climate change on water bodies and river basins across the island are likely to cas-
cade to other sectors: from food, agriculture and inland aquaculture to energy, infrastructure and the
built environment [21]. The European Climate Risk Assessment cites that “rivers and lakes are at the top
of ecosystem services’ value when considering euros per km? of ecosystem extent” [21, p. 119]. It also
finds that enhancing cross-border cooperation and research given the impacts of climate change
on shared waters is required, as supported by the Water Convention and its Task Force on Water and
Climate [21] [196]. Interviewees noted the future cross-border implications of diminishing groundwater
bodies on the island, and Fraser et al. raise the prospect of increased pressure for abstraction in
times of water stress and the risk of cross-border conflict that may result [197]. UN Water note that
“transboundary cooperation is needed to address climate impacts that cross national boundaries. . .
[and also] to avoid maladaptive consequences from a basin perspective” [198, p. 5].

5.5 Human health risks

Social risk to people and public health systems Medium Medium Medium
from a climate-induced rise in infectious diseases
and cardiovascular and respiratory conditions.

Confidence Low

Policy status Priority for research action

We identify a social risk to the people of Ireland and the island’s public health sectors resulting from
the interaction between the biophysical environment and human health, specifically from infectious
disease and cardiovascular and respiratory conditions.

The likelihood that climate change will generate a health risk to the people of Ireland and their public
health system - as a result of a climate-induced rise in infectious diseases and cardiovascular and
respiratory conditions - is assessed as medium, with the magnitude of the risk also deemed medium
in light of its potentially grave effects. The rapid pace with which this risk could escalate, coupled with
insufficient understanding of the nature and scale of risk, make this risk an urgent candidate for research.

According to a review article in the Lancet, “We are witnessing widespread increases in the emergence,
spread, and re-emergence of infectious diseases in wildlife, domestic animals, plants, and people.”
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[199]. This statement infers the cascading risk to human health - in the form of zoonotic disease -
created by increased disease in plants and animals. Evidence suggests this risk is exacerbated by
biodiversity loss: the spread of human disease and infection is overwhelmingly mediated through our
ecosystems [200].

Climate-sensitive infectious diseases are a growing global concern, and the environmental suitability
for the transmission of all infectious diseases is increasing [201]. The UK and Europe are no exception
[202]. Coastlines suitable for the spread of the Vibrio bacteria", for example, have extended by 329 km
every year since 1982. Europe faces a particularly high threat from the bacteria, that can lead to
iliness and death, with 1.4 billion people at risk globally [203]. Climate change is also expanding the
geographic range of tick vectors: Lyme disease and tick-borne encephalitis are the most likely infections
to emerge in the UK as a result [204] [205]. Vector-borne disease outbreaks, that lead to the deaths of
700,000 people a year globally [206], are also a rising risk.

As illustrated in Figure 5.1, Europe is likely to face increased local outbreaks of malaria, dengue and
West Nile fever, including in previously unaffected areas of northern and western Europe [202]. The UK
Health Security Agency draws particular attention to the potential infroduction of invasive mosquito
species, including Aedes albopictus that can carry dengue, chikungunya and Zika: most of the UK’s
habitats could become suitable for its establishment in the second half of the twenty-first century
[205]. Mosquitoes capable of carrying the West Nile virus are already established in parts of the UK
[205]. People working in agriculture, forestry or emergency services face highest exposure, and the
elderly, young children, and those with compromised immune systems face highest vulnerability fo
such risks [202].

Infectious diseases are a globally recognized transboundary climate risk [139]. Europe and Great
Britain both present a source of risk to the island of Ireland in this regard, particularly through animal
vectors such as mosquitos, midges and ticks [163]. Other countries further afield are also a source of
risk, as disease cases rise worldwide and travel to the island through tourism and trade: imported
malaria cases fo England, Wales and Northern Ireland exceeded 2000 cases in 2023 [207]. The risk
to Ireland could also raise exponentially in the future: experts say with “overwhelming evidence that
climate change is fuelling disease outbreaks and epidemics.. . . it is not a matter of if, but when, such
events will precipitate another pandemic” [208].

Transboundary climate risks to public health could also result from the impacts of climate change on
water services, with the European Climate Risk Assessment emphasizing that foodborne and water-
borne diseases will increase in coming decades [21]. The IPCC find that climate change has been linked
to a higher incidence of campylobacteriosis outbreaks across the EU [145]. The UK Health Security
Agency also cite the increasing risk of acute gastrointestinal illness (from Salmonella, Campylobacter,
and Vibrio spp.) [205], and its correlation with flooding in Ireland has been recently assessed [209].
These risks were also noted by interviewees. While the European Climate Risk Assessment rates the
severity of risk from geographic expansion and increased transmission of infectious diseases as
“limited” in the current/near term [21], one interviewee noted the limited geographic scope for bio-
surveillance and low monitoring of pathogen vectors as a risk for Ireland’s public health system. The
future magnitude of risk from vector-borne disease to public health in Northern Ireland is rated low at
present, rising fo medium in all the future scenarios, but with further investigation required.

The European Climate Risk Assessment [21, p. 100] finds that “wildfires are increasingly affecting areas
that have not been considered fire-prone in the past” and Ireland is no exception [18]. Transboundary
climate risks could (in theory) arise if wildfires spread between the Republic of Ireland and Northern
Ireland, fuelled by Ireland’s “flammable landscape” and extended periods of drought [210]. But they
could also (and arguably more likely) manifest in the form of detrimental impacts on air quality [145]

1 The Vibrio bacteria lives in certain coastal waters and usually infects people through the consumption of raw or under-
cooked shellfish but also open-wound contact. Vibrio infections usually result in vomiting, diarrhoea and fevers, and
in some cases life-threatening conditions [241].
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Figure 5.2. An overview of the impacts and risks of climate sensitive infectious diseases in Europe, that
considers the main drivers of hazards, vulnerability and exposure, direction of change in climate suita-
bility of observed changes and at 1.5°C and 3°C, and the overall infectious disease risk across Europe

Source: Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group Il to the Sixth Assessment
Report of the Intergovernmental Panel on Climate Change (Bednar-Friedl, et al. 2022).

- and therefore to public health, in the form of cardiovascular and respiratory conditions — from
increased wildfires and megafires across Europe. Fires already affect more than 400,000 hectares
in the EU each year and could increase across all regions of Europe at global warming levels of 1.5°C
and 3°C (with medium to high confidence) [145]. This risk is likely to become more probable with planned
afforestation and reforestation. The European Climate Risk Assessment reports that the pledge fo
plant at least 3 billion additional tfrees under the EU biodiversity strategy for 2030 could “increase wild-
fire risk through increased fuel load and connectivity” [21, p. 253] [211]. New geographic distributions
of plants, such as the invasive common ragweed in Europe [145], are also likely to affect aeroallergens
across Ireland, with implications for respiratory conditions such as asthma and hay fever [18].

5.6 Current policy landscape and necessary measures

Several existing policies are helping to reduce and manage the risks outlined above, either intention-
ally or implicitly. At an umbrella level, these include commitments under the Paris Agreement, Global
Biodiversity Framework and Sustainable Development Goals, and the implementation of regional poli-
cies, such as the European Union’s Biodiversity Strategy for 2030, Nature Restoration Law and Habitats
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Directive (in addition fo the EU Adaptation Strategy and 8th Environment Action Plan). For the Republic
of Ireland, such umbrella policies include Ireland’s 2024 Climate Change Assessment, the 2024 Climate
Action Plan, the 2024 National Adaptation Framework (with forthcoming updates to Sectoral Adap-
tation Plans), the 4th National Biodiversity Action Plan (2023 to 2030), and the broader 2023 National
Risk Assessment. For Northern Ireland, the 2021 Third UK Climate Change Risk Assessment (Northern
Ireland summary), Third UK National Adaptation Programme (2023 fo 2028) (until such a time as the
third Northern Ireland Climate Change Adaptation Programme is published) and 2023 UK National Risk
Register are salient. The first Climate Action Plan and the updated Biodiversity Strategy for Northern
Ireland are yet to be published.

An assessment of these national policies®, for their coverage of the risks articulated in this summary,
draws the following conclusions:

Responses to the risks considered in this summary are encouraging. Of all the risks considered,
invasive species has the strongest policy coverage, closely linked to the spread of pests and path-
ogens. This holds true not only in climate-related policies but also Ireland’s biodiversity action plan.
Altered river basin flows have the weakest coverage, arguably reflecting the respective ranking
of these risks.

The transboundary nature of each risk is only implicitly considered. Both assessments acknowl-
edge transboundary climate risks, although Northern Ireland’s assessment integrates them more
extensively, and the UK’s Adaptation Programme reflects this in proposed actions, with more
frequent references to collaboration and cooperation across borders.

Given the risks generated to a range of sectors by a single phenomenon, it is encouraging fo
see these are acknowledged in national risk assessments and registers that go beyond the cli-
mate and environment realm. Repeated calls for monitoring and surveillance suggest a cross-
sectoral and cross-jurisdictional approach is likely to be more efficient, effective and coherent.

The implementation of these policies, and updates thereof, presents opportunities to strengthen
management of the transboundary climate risks considered in this summary. The Taoiseach’s Shared
Island Initiative also offers largely untapped potential to the same end.

Migrating and invasive species and infectious diseases in plants and animals

The risks associated with invasive species appear well-covered in policy formulation at multiple scales.
For the Republic of Ireland, at a regional level, EU Regulation 2014/1143 contains specific provisions on
invasive alien species, while the European Climate Risk Assessment identifies a further eight relevant
frameworks and initiatives [21]. At the national level, and in addition to the policies noted above, Ireland
has an Invasive Alien Species Soil and Stone Pathway Action Plan, and Sectoral Adaptation Plans for
Biodiversity and for Agriculture, Forestry and Seafood, that all contain actions, measures and recom-
mendations aimed at reducing this risk. The Draft River Basin Management Plan for Ireland (2022-27)
highlights actions targeted at freshwater invasive species, while Bord lascaigh Mhara has established
a cross-department and inter-agency working group with a mandate to assess the risk of invasive spe-
cies to aquaculture. The initiative to create an “MPA regime” (expanding Ireland’s network of marine
protected areas) may also offer scope for collaboration to safeguard transboundary marine species
that are at risk from invasive species, also with the UK and Europe [140]. The role of the National Horti-
culture Strategy in developing more biological and environmental resilience to pest and diseases has
also been noted [164].

Information on invasive species is nationally coordinated and managed by the National Biodiversity
Data Centre, which hosts and maintains Ireland’s National Invasive Species Database and develops
comprehensive profiles for species classified of high and medium impact or singled out under EU

12 With the exception of Sectoral Adaptation Plans
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Regulations [146]. A series of 2013-14 assessments formed these classifications, covering both estab-
lished and potential non-native species, leading to the creation of a watch list and more detailed risk
assessments of the 41 species prioritised [146]. Bord lascaigh Mhara has also produced reporting
guidelines for invasive species risk assessments [18], while various programmes - such as the cross-
border initiative under PEACEPLUS [214] - support the implementation of these efforts.

For Northern Ireland, an Invasive Alien Species Strategy, (revised) Implementation Plan, and Rapid
Response Contingency Plan, as well as Widely Spread Species Management Measures and Stand-
ard Operating Procedures for Invasive Non-Native Species Control, set out various mechanisms to
manage and mitigate the risks posed by invasive species and have (according to assessments) been
making steady progress towards their objectives [163]. The Northern Ireland Environment Agency host
an Invasive Non-Native Species Team and dedicated website documenting specific species and the
risks they present (both established and potential), as well as relevant legislation and management
options. A 2019 order enshrines obligations in law.

The risks associated with infectious diseases in plants and animals also appear well covered in policy,
though arguably with less prominence. The Republic of Ireland has a Plant Health & Biosecurity Strategy
(2020-2025) and a National Farmed Animal Biosecurity Strategy (2021-2024), as well as an Animal
Health Surveillance Strategy (2023-2028), for example. EU regulations in plant and animal health and
the EU Birds Directive are also relevant risk reduction measures. The UK’s Plant Biological Security
Strategy, National Plant Monitoring Scheme and Risk Register (supporting localised and real-time risk
identification) and Animal Health and Welfare Common Framework offer complementary vehicles for
Northern Ireland, in addition fo its own regulations. Some all-island initiatives also exist: a Catalogue
of Pests and Pathogens of Trees on the Island of Ireland, for instance. Authorities already recognise
the need for bilateral agreement on communications, preparedness and operational responses fo
pest and disease outbreaks: “this is essential, given the shared land border, and recognises the island
of Ireland as a single epidemiological unit” [215].

A number of sectoral policies are also relevant for the management of risks driven by invasive species,
pests and pathogens, such as:

Marine frameworks and initiatives. For the Republic of Ireland, these include the National
Marine Planning Framework and Monitoring Programme and the National Strategic Plan for
Sustainable Aquaculture Development, as well as various EU policies (such as the EU Marine
Strategy Framework Directive, Maritime Spatial Planning Directive, Common Fisheries Policy, and
associated action plans, and the European Maritime, Fisheries and Aquaculture Fund Seafood
Development Programme). For Northern Ireland, this includes the forthcoming Marine Plan for
Northern Ireland. At an international level, this includes policies under the Convention for the
Protection of the Marine Environment of the North-East Atlantic. Various joint initiatives on Marine
Protected Areas and conservation management also present opportunities to manage trans-
boundary climate risks to fish stocks in Irish waters.

Forestry strategies and regulations. For the Republic of Ireland, these include Ireland’s Forest
Strategy and its Implementation Plan, the Shared National Vision for Trees and Forests and For-
estry Programme (2023-2027) and the New Coillte Strategic Vision, as well as EU policies such as
the EU Forest Strategy for 2030 and proposed Forest Monitoring Law. Up-to-date forestry policy
for Northern Ireland appears lacking.

Agricultural policies. For the Republic of Ireland, these include the CAP Strategic Plan and ACRES
scheme and EU policies (such as the Common Agricultural Policy and Farm to Fork Strategy)
more broadly. For Northern Ireland, this includes the Future Agricultural Policy. It also includes
other policies discussed elsewhere in this report.

Progress towards the adaptation of the agriculture, forestry and seafood sector is rated as “moderate”
in the Third Climate Change Adaptation Scorecard, with evidence of a substantive research focus on
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climate change, supported by the launch of the Teagasc Climate Action Strategy, inclusion of adapta-
tion in departmental studies and the development of the National Marine Research and Innovation
Strategy [164]. Risk owners include an Internal Adaptation Steering Group, Climate Action Manage-
ment Board and Seafood Climate Action Group. This broader enabling environment bodes well for the
management of transboundary climate risks to these sectors. But much depends on increasing aware-
ness and understanding of tfransboundary climate risks among relevant actors, and the implemen-
tation of policies, further mainstreaming of adaptation, and continued monitoring and review more
broadly. Given a “limited focus” on adaptation measures in fisheries and aquaculture, this sector should
be prioritised [164].

While coverage of the risks catalysed by migrating and invasive species and infectious diseases in
plants and animals appears comprehensive, the following recommendations would strengthen the
management of this risk:

Prioritise adaptation of the biodiversity sector as a policy objective, noting the limited progress
reported in relevant assessments, and addressing capacity and programmatic constraints (har-
nessing opportunities such as the newly established Directorates of Scientific Advice and Research
and Conservation Measures in the Republic of Ireland) as well as research and data gaps [164].

Mainstream climate projections into all invasive species and biosecurity policies, assessments and
databases and put in place measures to ensure their regular update given the rapidly changing
nature of this risk; use this same opportunity to strengthen coherence across the range of actions
and policies aiming fo manage this risk and identify any gaps in relation fo recommendations
from experts as well as significant incoherences (e.g. with trade policies, given international frade
represents a major driver of these risks) [172].

Increase accountability for implementing actions already identified in policies (such as increased
bio-surveillance and security) by ensuring all risks have identified owners and regular report-
ing mechanisms.

Harness structures and capacities established on invasive species to strengthen risk identifica-
tion, surveillance and management related to pests and pathogens more broadly - working
towards a more holistic understanding of the threats transboundary climate risks pose to Irish
ecosystems and biodiversity.

Establish or support cross-ministerial and cross-jurisdictional working groups. These should con-
vene biodiversity and climate change experts to explore adaptation solutions to transboundary
climate risks where the implementation of existing actions falls short. This should be done in
dialogue with sectoral representatives from fisheries, forestry and agriculture, and could include
risks generated by the movement and migration of species.

Water stress

Transboundary risks affecting shared hydrological systems on the island of Ireland are well recognised
in policy. At an international level, the UK is a signatory to the Convention on the Protection and Use of
Transboundary Watercourses and International Lakes, and the Republic of Ireland is subject to provi-
sions under various EU policies, such as the Water Framework Directive, Groundwater Directive and
Floods Directive (among others: the European Climate Risk Assessment identifies 13 relevant frame-
works and initiatives [21]). At the national level in the Republic of Ireland, the Draft River Basin Manage-
ment Plan for Ireland (2022-2027) (soon to be called the Water Action Plan, published later this year),
Water Quality and Water Services Infrastructure Sectoral Adaptation Plan, the National Water Resources
Plan and Biodiversity Action Plan by Irish Water, and four Regional Water Resources Plans could all be
relevant to the management of transboundary climate risks to the island’s shared water systems - either
informally, through their implementation, or more formally, through explicit consideration as they are
updated in the future. North of the border, the Draft 3rd cycle River Basin Management Plan (2022-
2027) and Northern Ireland Water Climate Change Strategy present complementary opportunities.
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Both national jurisdictions also have flood risk policies and management plans in place. Implementa-
tion of the EU Floods Directive is carried out on an all-island basis and interviewees pointed fo decades
of deep cross-border engagement on transboundary flooding and shared water-related risks. The
Third Climate Change Adaptation Scorecard rates progress in the flood risk management sector as
good overall, led by the Office of Public Works and supported by effective cross-sectoral engagement
and leadership buy-in [164]. Development of a Predictive National Flood Risk Assessment is ongoing,
alongside the implementation of several relevant policies (such as the Climate Change Adaptation
Schemes Programme and National Coastal Change Management Strategy, Nature-Based Solutions
Catchment Management Strategy and Biodiversity Action Strategy). There is “significant evidence”
of adaptation mainstreaming [164]. Progress in adaptation of the water quality and water services
infrastructure was rated slightly lower (moderate) with “limited evidence of the use of risk identification
and prioritization and modelling predicted climate changes that will affect the sector” [164, p. 25].
Significant research gaps, limited implementation, monitoring and evaluation of adaptation actions,
weak mainstreaming of adaptation, and a lack of systematic coordination will all hinder the recogni-
tion and response to tfransboundary climate risks to water services [164].

The Northern Ireland’s Department for Infrastructure and the Republic of Ireland’s Office of Public
Works already collaborate on cross-border catchment areas and seek to avoid transboundary mal-
adaptive effects: cooperation is reported as “close and lasting” [216]. Shared water bodies are man-
aged jointly through the EU Water Framework Directive. The two authorities use shared templates and
conduct joint monitoring of shared groundwater sites, transitional and coastal waters, and trans-
boundary rivers and lakes. This cooperation is reflected in shared River Basin Management Plans,
programmes of measures and information systems for each of the shared districts. Cross-border
groups include the official North/South Water Framework Directive Coordination Group as well as
unofficial stakeholder bodies and technical implementing groups, committees and forums. Several
cross-border projects (such as Source to Tap [217]) have also been initiated. Importantly, cooperation
also crosses scales: the two jurisdictions are currently working on a “shared waters” publication, and
the North-South Ministerial Council has water listed as an area for cooperation. Interviewees cited
high levels of interaction between local authorities within the border region, including on adaptation -
noting that Dublin and Belfast probably have much to learn given they share as many risks.

While transboundary cooperation of shared water resources is exemplary, the following recommen-
dations would strengthen the management of this risk:

Assess the extent to which shared River Basin Management plans are accounting for the pro-
jected impacts of climate change, potentially led by the new project delivery office. The former
Northern Ireland Climate Change Adaptation Programme (2019-2024) called for such plans to
account for the latest climate risk assessments, and for programmes of measures to address
potential impacts [163], but there may be gaps in applying downscaled climate projections (at
basin level) to cross-border catchments, and assessing the potential risks (today and under future
climate scenarios) to water systems and the services they supply. The Third Climate Change
Adaptation Scorecard notes that such plans incorporate climate resilience, but only to a limited
degree [164]. National adaptation plans should reflect these needs and those with climate change
and adaptation expertise should support these efforts [218].

Explore the extent to which it is feasible and desirable to extend integration and cooperation to
cover transboundary marine and coastal monitoring [216].

Appraise potential challenges to effective cooperation to manage shared water resources in the
future: one interviewee noted the different policy and regulatory approaches to water quality
and supply between the two jurisdictions as a risk, with “potential regulatory divergence and
more complex arrangements for cross-border cooperation and consultation” following Brexit
[219, p. 18]. This may require investment to develop standardized baselines, indices and method-
ologies to assess future outlooks on net water availability.
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Human health

In the wake of Covid-19, fransboundary risks to human health are moving up the policy agenda glob-
ally. At a regional level, EU Regulation 2022/2371 on serious cross-border threats to health indicates
the high level of priority given by the EU to the threat of infectious disease. Several EU policies also
appear relevant for the effective management of this risk by the Republic of Ireland, including the EU
Global Health Strategy, EU4Health programme and RescEU. These efforts are supported by the Health
Emergency Preparedness and Response Authority, the European Climate and Health Observatory
and European Centre for Disease Prevention and Control. The latter carries out threat prioritization
exercises (including those of environmental origin) with a view to generating medical counter-
measures, and are developing the Athina (Assessment of Threats and Intelligence) platform for data
collection on risks and responses. But the European Climate Risk Assessment notes the need for a
more coherent approach fo surveillance, incorporating climate, animal and environmental indicators,
and stronger coordination between Member States and the EU to drive more systemic action [21].

Both the Republic of Ireland and Northern Ireland have relevant national policies, such as the Health
Protection Strategy 2022-2027 and the forthcoming Public Health Bill, respectively. The Republic of
Ireland has a Health Protection Surveillance Centre that could help predict emerging risks, and the UK’s
Biological Security Strategy is a flagship initiative to protect the UK and its interests from significant
biological risks, including future infectious disease outbreaks. Northern Ireland also has an infectious
disease incident/outbreak plan. But the Third Climate Change Adaptation Scorecard rates progress
towards the effective adaptation of the health sector as limited, with “limited use of risk identification
and prioritization and the use of projections and impacts of climate change to influence actions and
decisions” [164, p. 26]. The HSE Climate Action Strategy and National Clean Air Strategy in the Republic
of Ireland, as well as the establishment of a Climate Change Oversight Group, could provide useful
vehicles, but increasing awareness and understanding of transboundary climate risks is a crucial first
step, in conjunction with the implementation of policies, further mainstreaming of adaptation, and
continued monitoring and review more broadly.

While there is extensive monitoring of fransboundary risks to public health, the following recommen-
dations would strengthen the management of this risk:

Invest in research to better understand the links between climate change and communicable
disease (responding to calls by the World Health Organization [220]).

Convene experts to design a precautionary process to regularly and effectively assess the trans-
boundary climate risk to the health of the Irish people, on an all-island basis.

General recommendation - adopt a holistic approach

A final recommendation to strengthen adaptation to biophysical transboundary climate risks cuts
across all types of risk articulated above: the need to adopt a holistic approach. To avoid siloed and
fragmented approaches, some (including interviewees) have called for the design of an all-island
conservation strategy for biodiversity protection and nature restoration in addition to mainstreaming
transboundary climate risks within the existing policy ecosystem.

Such an approach risks policy proliferation but could help avoid potential trade-offs (e.g. between
vector control fo reduce infectious diseases in plants and animals and wetland restoration to reduce
flood risk) [21], while strengthening policy integration and coherence. The All-Island Climate and
Biodiversity Research Network (AICBRN) may be a useful resource in formulating the strategy, but the
adequate resourcing and empowerment of a lead government department - to oversee and imple-
ment actions across sectors — would be critical.
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This report has identified and assessed the most severe transboundary climate risks facing the island
of Ireland under three pre-defined categories: agriculture and food security, infrastructure and trade
and biophysical systems and ecosystem services. It is clear from this brief scoping exercise that these
risks — and others — will not occur in isolation; they can be expected to occur simultaneously as climate
change unfolds throughout the world. Climate change impacts cannot be contained within sectoral
or national borders. As such, the island of Ireland’s true exposure is fo a series of inter-related, inter-
acting, compounding and cascading cross-border risks, driven by climate change and other socio-
economic dynamics.

The interactions between the risks identified and assessed in this report have not been considered in
any detail. In many cases, it will not be possible to anticipate the specific fiming and nature of risk
interactions. It is therefore important to embark on a process of iterative risk assessment so that new
knowledge and perspectives can be used to inform planning for Irish resilience.

The report has also focused on risks and responses at the national level in the Republic of Ireland and
Northern Ireland. Yet tfransboundary climate risks pose a number of challenges for local government,
as we as private actors at a range of scales, from small and medium enterprises to multinational
firms based on the island of Ireland. It is important that these actor groups are brought into climate
risk assessment and adaptation processes. Dissemination of the report’s main findings to these groups
may facilitate dialogue and engagement.

The recommendations in the opening section of this report are intended to illuminate the first steps in
a resilience-building process on the island of Ireland that explicitly recognises the interdependence
between these jurisdictions and the rest of the world. This report aims to be a useful guide as that
journey begins.
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APPENDIX

Risk to food affordability as a result of the cost-of- Medium
living crisis and climate-driven price inflation across
a basket of food products.

Confidence Medium
Policy status Priority for policy action
Risk to nutrition security for low-income house- Medium Medium Medium

holds and vulnerable groups - due to volatility in
fresh fruit and vegetable supply chains.

Confidence High

Policy status Priority for policy action

Risk to farming, jobs and export-revenues in the Medium
dairy sector on the island of Ireland, due to climate-
related disruption to animal feed and other imports.

Confidence Medium

Policy status Priority for research action

Risk to farming, jobs and export-revenues in the IE: Medium IE: Medium
beef sector, due to climate-related disruption fo

Confidence Medium

Policy status Priority for policy action

Risk to energy security from damage to energy-

Medium
critical infrastructure abroad from extreme weather
and slow-onset climate change.

Confidence Medium
Policy status Watching brief
Risk to energy security from climate impacts on Medium Medium Medium

transport and production infrastructure abroad,
disrupting overseas supply of critical minerals.

Confidence High

Policy status Priority for policy action
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IE: Medium

Risk to businesses, financial sector and overall
economy due to climate-related supply chain
disruptions globally.

Confidence Medium

Policy status Priority for policy action
s Liaihood | Mognie | Rk amery

Risk to business operations, jobs and export- Medium --

revenues in the pharmaceutical industry from

climate-related disruption to global supply chains. NI: Medium NI: Medium

Confidence Medium

Policy status Priority for policy action
e oot ogrtudn | Rkt

Risk to public health from disrupted supplies of Medium Medium Medium

essential medicines and other drugs as a result of
climate-related disruption to global supply chains.

Confidence Medium

Policy status Priority for policy action

Likelihood Risk severity

Risk to energy security from climate impacts on
transport and production infrastructure abroad,
disrupting overseas supply of critical minerals.

Confidence Medium

Policy status Watching brief
Magnitude
Likelihood Magnitude

Ecological risk to ecosystems and biodiversity
from climate-induced changes in invasive species,
movements of plants and animals, and infectious
diseases.

Confidence High

Likelihood

Risk severity

Risk to human mobility from reduced air travel due
to the effects of extreme weather on UK and global
airports affecting business operations, revenues and
jobs in the tourism sector.

Confidence Medium

Policy status Watching brief

Risk severity

Policy status Priority for policy action
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Socio-economic risk to the blue economy from Medium Medium Medium
climate-induced changes to invasive species,
movements of plants and animals, and infectious

diseases.
Confidence Low
Policy status Priority for policy action

Socio-economic risk to the forestry sector from Medium
climate-induced changes to invasive species,

movements of plants and animals, and infectious

diseases.

Confidence Low

Policy status Priority for policy action

Likelihood Magnitude Risk severity

Socio-economic risk to the agricultural sector Medium Medium Medium
from climate-induced changes fo invasive species,
movements of plants and animals, and infectious

diseases.
Confidence Low
Policy status Priority for policy action

Ecological risk to transboundary river basins and
the ecosystems and biodiversity they support from
climate-induced water stress.

Low

Confidence

Policy status Watching brief

Socio-economic risk to water services from climate-
induced stress on transboundary river basins.

Confidence Low
Policy status Watching brief
Social risk to people and public health systems Medium Medium Medium

from a climate-induced rise in infectious diseases
and cardiovascular and respiratory conditions.

Confidence Low

Policy status Priority for research action
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