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Each chapter is authored by academic experts, supported by quality assurance and peer review from the Met Office,
Science Assurance Group, Independent Review Group, Climate Change Committee Secretariat and Adaptation
Committee, and Community Review.

Throughout the report we have ensured robust Quality Assurance standaefidolate clearlinkages between the
evidence and the Urgency scoring. This has includegful review of the content and crostiecking of references
Formal processdsave involvedscrutiny fromthe Science Assurance Group, an Independent Review Gaodphe
CCGCSecretariaand Adaptation Committee.

This content has been created by the authathilst Altools (such as M365 Copilot) may have bessedto support
the literature review process and to refine the documgait outputshave beenreviewed andchecked by the authors
and reviewers.

Throughout the report we refer to:

1 Lead Authorsexperts in their respective field accountable for producing a section of the report, drawing
upon additional experts as required.

1 Contributing Authors experts in their respective field who have provided significant knowledge, expertise,
data or text for integration within a section of the report.

9 Additional Contributors those who have provided additional support in the creation of a section of the
NEBLR2NI® ¢KAEZ O2dzZ R (F1S Ylye F2N¥Ya AyOftdzZRAy3I | RRA
FAIAZNB A 2N O22NRAYIFGA2Y 2F AG& LINPRAzOGA2Yy ®

The whole reportis citable asLowe, J. A., Harrison, M. aRérks, R. §2026) CCRA4A Technical Report

TheExecutive Summaiig citable asLowe, J. A., Harrison, M. aRérks, R. §2026).Executive Summarnin: CCRA4A
Technical RepofLowe, J. A., Harrison, M. and Perks,]R. J.

Each chapter is citable dsead Authorg2026). Chapter Titleln: CCRAYA Technical Report [Lowe, J. A., Harrison, M.
and Perks, R. J.].
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temperatures of over 40 °C for the first time during thdy2022 heatwave; this led to wildfires and
contributed to almost 3,000 deaths in England across five heat episodes that summer. As further climate
change is inevitable, we will continue to experience previously unprecedented events. The magnitude of

longterm impacts will depend on future global greenhouse gasssions.

T /EAYFGS NA&1&a (G2 (GKS ! %!l B3y SELIENEKSMREEYFY G y2 F/
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1 Inthe new study we assess 41 risks and 2 opportunities. By 2050, with global warming reachihg 2
above preindustrial levels, almost one third of the risks are assessed as being Very High magnitude
ySg OFGSIA2NE 2F W+SNE | A3IK YIFIIAYyAGdzRSQ KFa o60SSy ||
of billions of pounds of economic damages per year, thousands of deaths per year, or the loss of species
groups. The numbeof risks assessed to have Vétigh magnitude underlines the increasing levetisk
facedC2 NJ SEI YLX SY

0 Risks to people from heat are already causing deaths in the UK, and this is projected to rise
significantly in the future, increasing by several thousand people per year by the 2050s.

0 Flood risk to buildings and communities across the UK, despite significant public investment in
flood defences, is expected to affect approximately 6.3 million properties in England, 45,000 in
Northern Ireland 400,000 in Scotland and 245,000 in Wales.

0 Risks to UK macroeconomic performance and stahilityh even the most cautious estimates of
Gross Domestic Product (GD&9sesproject damages that greatly exceed 1% of GDP.

0 Risks to the delivery of infrastructure services (such as road, rail, digital communications, and
water) from interdependencies with other infrastructure systemesultin economic impacts
potentially costing billions of pounds per year the 2050s across the UK.

0 Risks to terrestrial and coastal ecosystems meaning thaexample, UK seabirds such as puffins,
storm petrels, and Arctic skuas are possibly declining by up to 80% due to warming seas.

1 Many overseaglimate changeriskshave importantconsequencesor the UK.Climate change impacts
overseas are having damaging effects on the UK. For example, noticeably higher food prices and a lack of
products on supermarket shelves are related to disruptions to imports of products and raw ingredients for
processed foods. Mariynportant international supply chains are sensitive to weather extremes and pose
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risks to UK prosperity, including from disruption to the supply of essential minerals and semiconductors
which are used in sectors including defence, telecommunications, the automotive industry and in medical
technologies. These risks are expected to iasee
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many cases it is now possible to estimate how much human driven climate change has altered weather extremes
Examples are given in Figure ES1 and further down in Eab({below)

Figure BEL: Infographic of exampéof observed changes in UK climate.

The UK’s climate
is chan gil‘l g ;! Extreme Heat

Extreme high temperatures have increased around
bk twice as fast as average temperatures in recent
October 2023 ) .
| over 200mm of rain decades. The extreme UK heatwave in July 2022
i 3

contributed to around 3,000 excess deaths.

The chance of the UK reaching 40°C is rapidly
increasing — it is already six times more

in the current climate than inthe

1980s and is increasing rapidly.

Extreme Rainfall
Marine Heatwaves

The UK is getting wetter — the most ~ < = A
recent decade is 10% wetter than the ; - . 40.3°C & Sea Level Rise

. . . . e Coningsby,
1961-1990 period. The increase is Febr;:zozo Uieitic ey UK sea levels have risen by 19.5em since

July 29

focused on the winter half of the year. 1901, and the rate of rise is increasing.

Wye and Severn hit

Rainfall extremnes are increasingly likely, . record IVER Coastal sea surface temperatures have
elevating the risk of floods. In winter, daily [ calsingEE d increased by almast 1°C since 1961-1990
rainfall extrernes are about twice as . ) and are steadily rising. This is contributing
likely as in the 1961-1990 period. | to marine and land heatwaves.

Human driven climate change is causing warmer, wetter winters and hotter, drier summers in thé-Uther
changes in climate and extreme weather events are inevitdiilethe rate and magnitude of the changes will
depend on future global emissiofiisowe et al., 2018 More extreme weather events will occur over all parts of the
UK, but there will be some differences in rates of change at different locations. These future changes will require
that we adapt. Further details regarding future climate extreroas be found in the State of the Climate Chapter.

Compound extremeswhere impacts are amplified bynultiple hazards occurring simultaneously or in close
successionare increasing.Hot, dry summers are expected to occur more frequently, reducing river flows and
worsening drought impacts. At the same time, climate model projections show a sizeable increase in extreme
compound summer rainfall events, with an increase in heavy raodallrring within a short time window,

CCRA4ATechnical Reportxecutive Gmmary 8



potentially driving more flash flooding. Compound wind and rainfall extremes are projected to increase, driven by
increased rainfall intensity and a strengthened jet stredifmis couldotentially caus more damage to

infrastructure during winter storms. Compound flooding from storm surges and riverine flooding is likely to
increase, leading to more damage in low lying coastal areas.

The potential for further changes, associated with earth system tipping points cannot be ruled Bligse include
abrupt or irreversible changes, such as major changes in the circulation of the Atlantic Ocean, which would have a
major impact on UK extreme weather, or acceleratedgsl rise resulting from more rapid loss of ice from the
continentalice sheets. The likelihood of these tipping points being triggered over the next few decades remains
uncertain but will increase with the level of global wamg If triggered many of the impacts of tipping points
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There is increasing evidence that climate change is already having significant impacteasing evidence

highlights that changes in the types of extreme weather experienced by the UK are driving many types of impacts.
Many studies have now directly linked the rising severity and frequency of weather extremes to warming caused by
greenhouse gases (see Tab& E Growing consequences of climate change are evident on people, infrastructure

and nature

Table BL: Summary of recent attribution studies for UK climate hazards.

Event Date Description Conclusions Reference
Summer June Hottest summer on record The probability of Logan et al. 2025:
heatwave | August for UK mean temperature summer 2025 hctn_summer 2025
2025 June-August temperatures has analysis_v1.1.pdf
increased by around 70
times due to human
induced climate change.
Winter October During the winter haltyear of | Observations and models | Kew et al. 2024
Storms 2023 2023/2024, western Europe | indicate that average Autumn and winter
March experienced a series of rainfall on stormy days storm rainfall in the
2024 damaging storms. These increased by about 20% | UK and Ireland was
storms led to disruptions due to human induced made about 20%
with exacerbated flood risks | climate change, or heavier by human
equivalently the caused climate
2023/2024 level has changeTt World
become ten times more | Weather Attribution
likely.
Wildfires Summer | Hot and dry conditions in At least a 6-fold Burton et al 2025
2022 summer 2022 saw a four increase in the Environ. Res. Lett. 20
fold increase in wildfire probability of Very High 044003
occurrence compared to the | fire weather (conditions | DOI 10.1088/1748
previous year. The extreme | conducive to fire) in the | 9326/adb764
heatwave in July saw fires UK due to human
across London and parts of | influence.
England.
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https://www.metoffice.gov.uk/binaries/content/assets/metofficegovuk/pdf/research/climate-science/attribution/hctn_summer_2025_analysis_v1.1.pdf
https://www.metoffice.gov.uk/binaries/content/assets/metofficegovuk/pdf/research/climate-science/attribution/hctn_summer_2025_analysis_v1.1.pdf
https://www.worldweatherattribution.org/autumn-and-winter-storms-over-uk-and-ireland-are-becoming-wetter-due-to-climate-change/
https://www.worldweatherattribution.org/autumn-and-winter-storms-over-uk-and-ireland-are-becoming-wetter-due-to-climate-change/
https://www.worldweatherattribution.org/autumn-and-winter-storms-over-uk-and-ireland-are-becoming-wetter-due-to-climate-change/
https://www.worldweatherattribution.org/autumn-and-winter-storms-over-uk-and-ireland-are-becoming-wetter-due-to-climate-change/
https://www.worldweatherattribution.org/autumn-and-winter-storms-over-uk-and-ireland-are-becoming-wetter-due-to-climate-change/
https://www.worldweatherattribution.org/autumn-and-winter-storms-over-uk-and-ireland-are-becoming-wetter-due-to-climate-change/
https://www.worldweatherattribution.org/autumn-and-winter-storms-over-uk-and-ireland-are-becoming-wetter-due-to-climate-change/
https://www.worldweatherattribution.org/autumn-and-winter-storms-over-uk-and-ireland-are-becoming-wetter-due-to-climate-change/

Extreme July 2022 | On 19 July 2022, an At least 10 times more Zachariah et al.
heat exceptional heatwave likely due to human 2022: Without
affecting large parts of the induced climate change. | human-caused
UK peaked. It was the first | The likelihood of 40 °C climate change
time that temperatures of 40 | has been accelerating temperatures of
°C have been observed in and we estimate a 5650 | 40°C in the UK would
the UK. chance of another have been extremely
exceedance in the next | unlikely T World
12 years. Weather Attribution
Kay et al. 2025:
https://doi.org/10.10
02/wea.7741
Intense July 2021 | On 4 July 2021, a band of The probability of an Tett et al. 2023
summer high-intensity rain tracked event similar to that https://doi.org/10.11
downpour across the city of Edinburgh, | which occurred in July 75/BAMSD-22-
Scotland, releasing an 2021 is estimated tobe 0196.1
intense downpour about 30% larger due to
(rcloudburstR directly over observed warming of the
Edinburgh Castle for about | climate.
15 min.
Wettest October | On October 3, 2020, the UK | The record rainfall of the | Christidis et al. 2021
Day 2020 set a new record for the wettest day in year 2020 | https://doi.org/10.10

country's wettest day. The
UK recorded 30.0mm of
rain, on average, across the
entire UK and this was
widely reported in the media
at the time as enough
rainwater to fill Loch Ness
(7.6 cubic kilometres).

is estimated to have
become about 2.5 times
more likely because of
human induced climate
change.

02/asl.1033
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https://www.worldweatherattribution.org/without-human-caused-climate-change-temperatures-of-40c-in-the-uk-would-have-been-extremely-unlikely/
https://www.worldweatherattribution.org/without-human-caused-climate-change-temperatures-of-40c-in-the-uk-would-have-been-extremely-unlikely/
https://www.worldweatherattribution.org/without-human-caused-climate-change-temperatures-of-40c-in-the-uk-would-have-been-extremely-unlikely/
https://www.worldweatherattribution.org/without-human-caused-climate-change-temperatures-of-40c-in-the-uk-would-have-been-extremely-unlikely/
https://www.worldweatherattribution.org/without-human-caused-climate-change-temperatures-of-40c-in-the-uk-would-have-been-extremely-unlikely/
https://www.worldweatherattribution.org/without-human-caused-climate-change-temperatures-of-40c-in-the-uk-would-have-been-extremely-unlikely/
https://www.worldweatherattribution.org/without-human-caused-climate-change-temperatures-of-40c-in-the-uk-would-have-been-extremely-unlikely/
https://www.worldweatherattribution.org/without-human-caused-climate-change-temperatures-of-40c-in-the-uk-would-have-been-extremely-unlikely/
https://doi.org/10.1002/wea.7741
https://doi.org/10.1002/wea.7741
https://doi.org/10.1175/BAMS-D-22-0196.1
https://doi.org/10.1175/BAMS-D-22-0196.1
https://doi.org/10.1175/BAMS-D-22-0196.1
https://doi.org/10.1002/asl.1033
https://doi.org/10.1002/asl.1033

Box ESL A robust methodology with innovations
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Fourth Climate Change Risk Assessméntlependent Assessment (CCRAXfor the UK. The Technical Repd
was produced by a consortium of reselaecs led by the Met Office. It focuses on the physical risks and
opportunities to the UK froncurrent andfuture weather and climate hazards.

Since CCRAA TR, the methodologyas been updated reflectingarning andjoodpractice worldwide. The
updates provide an opportunity to better account for the changing nature of the risk profile as well as enh
the ways in which the urgency of the findings can be communic3teelseupdates involved (1) defining a
smaller but more understandable set of names and descriptions used to define the risks and opportunitiey
extending the assessment of the overall impact or severity of the risk bpgddiurther Very High magnitude
category and (3) updating the classification used to estimate the urgency scores from the estimated magt
In doing sotwo new critical categories of actiomere added namely Critical action needed and Critical
investigation both of which demand a level of urgency above the previous highest category of More actior
neededand Further InvestigatiarThe existence of the new critical categories does not result in a downgrad
the urgency of the More action needeahd Rurther investigation ategory from CCRA2 TRwhichshould be
taken as seriously as in the previous assessnWhilst the total number of risknd opportunitieshas reduced,
the overall coverage of the risks is similathiat of CCRA2A TRThe urgency categories are summarised belq

9 Critical action neededfhe combination of’ery Highmagnitude risks (or foregone opportunities)
together with a strong evidence base results in a call for critical new, stronger Government action

9 Critical investigationThe combination of/ery High/Highmagnitude risks (or foregone opportunities)
together with a poor evidence base calls for Government to prioritise action to reduce uncertainty
category is ranked above More action needed because of the high potential to become Critical ad|
neededonce the evidence base is strengthened.

1 More action neededA combination oery HighHigh magnitude risks (or foregone opportunities)
the 2080s oHigh/Medium magnitude risks/foregone opportunities from present day to the 20&a0d,
High/Medium confidence in thetrong evidence base calls for new, stronger Government action.

91 Further investigationA combination oery HighHighmagnitude risks (or foregone opportunitieg)
the 2080s oMedium/Low magnitude riskgor foregone opportunitiesirom the present day till the
2050sand a poor evidence basklore evidence is required to determinenifore action is needed.

1 Watching briefA combination ofow magnitude risks (or foregone opportunities) and a poor eviden
base. Both the level of risk and evidence in these areas should be kept under review.

9 Sustain current action: A combination Medium/Low magnitude risks (or foregone opportunities) an
strong confidence in the evidence base. Current or planned levels of activity are appropriate.

Many riskdnteract, often in complex ways, which can amplify the magnitude of the impacts caused by we
and climate change. However, these interactions remain difficult to quantify and evidence on the magnitu
these interactions and their effects remains iied. Unlike previousssessmens a2 YS NAaal a |
outside the UK, e.g., food security and supply chains. These are now treated in the sector chapters.

Two scenarios of climate change are consideyaccentral case based on current policies for regulating glob
emissions of greenhouse gases and reaching global warming of 2 °C abawdugstgal levels by 2050, and a
high case that could result fromtkeer higher emissions or a more sensitive climate response to those emisg
with global warming reaching up to 4 °C above-imdustrial levels by 2100. The CCRAAR prioritises the
consideration of neaterm climate risk such that Critical actioneted and Critical investigation are only

applied for the present day, 2030s and 2050s.

CCRAM4ATechnical Reportxecutive @mmary
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This assessment has considered both the magnitude of risks, and the urgency of action needed to address the risks
using the method outlined in BOXSE A set of41 risks and 2 opportunitiebave been identified, looking across all

four nations, from present day to the 2080s. These risks have been structured as best as possible to align with UK
government policy areas and were defined through engagement with government departments. Eagls tigeh
assessed for each nation by leading experts in their respective fields, following a strict methodology that was
designed in conjunction with the CCC to ensure a consistent approach to the assessment of risk and opportunities
across five differentextors. The sectors covered akdealth and Wellbeinduilt EnvironmentLand, Nature, and

Food Infrastructure andEconomy. The results have been peer reviewed by a panel of experts and by an open
process with the wider scientific and policy communities.

Magnitude of risk to the UK

The consequences of climate change are being felt across all parts of the UK. While there are some differences in
risk magnitude between the four nations of the UK, climate change will have negative consequences in the future
across all nations and for akctors considered in the risk assessment.

The report finds that all four nations and all sectors have risks at the Very High mad(liteitighest level of

potential impact)by the 2050s and a significant proportion of the resultant consequences will be felt much sooner.
In this report we assess that 13 of the 41 risks (equivalent to around 32% of risk®)eamithe opportunities (E8:
Opportunities to UK businesses and financial institutions from delivering adaptation goods and services) are scored
at the Very High magnitude in at least oneipatby the 2050s, even after accounting for planned adaptation and

in the central climate scenarié total of10 risks (around 24% of risks) amtk of the opportunities have a Very
highmagnitude across all nations by the 2050s. When the higher climate scenario is considered, the risks increase,
with some Very High magnitude impacts happening earlier (see Fi§8ye E

The consequences of many climate hazards will be experienced even in thiemaa®f the 13 riskgequivalent

to around 32% of risks) assessed as Wigkmagnitude in the 20504dive risks (around 2% ofall risks) will have
reached this threshold by the 2030s withur risks assessed at this level in the present dée timing of different
magnitude levels, taken as the highest from any of the four nations and including planned adaptation is shown in
Figure B2 below.

CCRAM4ATechnical Reportxecutive @mmary 12



Figure 2. Bar chart showing number of risks and opportunities (taking the maximum score across all nations and the case with
planned adaptation) in the Very High magnitude category for each time period. Blue bars show the number of risks andtigsgartun
the central warming scenario and orange shows the number in the high warming scenario.

Total number of risks and opportunities assessed as having Very High magnitude of
potential impacts (with planned adaptation)
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Urgency of action

Urgency scores are summarised in Figuigsdhd 4. When taken across the UK using the highest component
score from any of the nations, eight riggd% of risksare now judged as Critical action needed (i.e. where there is
established evidence of Very High risk magnitude combined with the need for critical new, stronger or different
action planned), with a further 19 risk46% of risksidentified as More action needed. This means that 66% of all
risks considered require more action to manage the risk effectively. Additionally, there are 12 risksd (299
requiringQritical investigation andwo risks (5% of risks) requirifigrther investigation. One opportunity is

assessed as Critidalvestigation and another as Furthiewvestigation. In a significant shift from the previous
assessment, Sustain current action or Watching brief is judged to be unsuitable for any risks or opportunities when
viewed across the UK as a whole, although there are two risks (5% ofvigkg)at least one nation has a Sustain
current action score. Thoverall UK urgety scoringor risks taken as the maximum from all four natiors,
summarised for each sector Figure B4. The urgency scores for the different nations of the UK are shown in more
detail in TablsE3ae.

It is useful to note thatisks and opportunities within the economy chapter often integrate components from other
chapters. This wider scope, whilst a real feature of the economy and finance system, means ttightaadVery

High magnitude thresholds (annual damages or forgone opportunities of £ hundreds of millions, and £ billions) are
reached more easily than in other systems. The Technical Report identifies impacts in the order of billions of

pounds of damages, or for riskensidering the macroecomay, in the order of 8% of UK GDP or tens of billions

of pounds of damages by the 2080s. While the magnitudesi@gte in the context of the whole report, they are

O2YLI N GA@Ste t26 Ay (KS O2yGSEG 2F GKS ! YQa YIONRSC
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Figure ES3: Infographic of the urgency of responding to all risks impacting the UK.

41 risks assessed

8 need critical action 12 need critical investigation

19 need more action 2 need further investigation

Risks by chapter

9 9 10

Y Wl €3

Health and wellbeing  Built environment Land, nature, and food Infrastructure Economy

*This schematic focuses only on risks and does not include the two opportunities covered in the report
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Figure ES4: Urgency scores for the UK shown for each risk and opportunity.

Health and
Wellbeing

H1: R to people
from heat

H2: Risks to people
from extreme
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heat

H3: Risks to people
from changes in air
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from climate-sensitive
infectious diseases

H6: Risks to health and
social care delivery

Built Environment

BE1: Risks to buildings
and communities from
heat

ommunities from
ding

BE3: Risks to buildings
and communities from
coastal change

BE4: Risks to buildings
and communities,
excluding from heat,
flooding and coastal
change

BES: Risks to indoor
environmental quality

BEG6: Risks to cultural
heritage and
landscapes

BE7: Risks to facilities
delivering public
services, excluding
health and social care

BE8: Risks to local
resilience planning
and emergency
service response
capabilities

BE9: Risks to
households from
changing energy
demand

Land, Nature, and
Food

N1: Risks to terrestrial
and coastal
ecosystems

N2: Risks to
freshwater
ecosystems

N3: Risks to marine
ecosystems

N4: Risks to soil
ecosystems

N5: Risks to natural
carbon stores and
sequestration

NG6: Risks to
agriculture

N7: Risks to fisheries
and aquaculture

N8: Risks to forestry

N10: R to food

security

Critical action needed Fl:  Furtherinvestigation
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Watching brief
Sustain current action

Infrastructure

I1: Risks to the
deli

interdependenc
with other
infrastructure syste|

12: Risks to electricity
generation

13: Risks to electricity
transmission and
distribution systems

14: Risks to fuel supply
systems

15: Risks to road
transport systems

16: Risks to rail
transport systems

17: Risks to aviation
and maritime
transport systems

19: Risks to water
supply and
wastewater systems

110: Risks to waste

management systems,

excluding wastewater
systems

Economy

E1: Risks to UK
macroeconomic
performance and
stability

E2: Risks to domestic
and ov s physical
assets of UK

E3: Risks to domestic
and international
supply chains and
resource inputs of UK
businesses

E4: Risks to the
productivity and
availability of labour in
the UK

and the financial
system

E6: Risks to public
finances

E7: Risks to household
finances

E8: Opportunities to
UK businesses and
financial institutions
from delivering
adaptation goods and
services
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Taking account of all evidence, the authors of this technical report have concluded that the magnitude of impact
from the risks are higher than that in previous assessmeritke percentage of risks in each category in CGRA3

TR and CCRAA TR are shown in Figur86EThe increase in future risk has mainly been driven by new evidence of
accelerating changes in climate and evidence of potential increases in exposure and/or vulnerability. This includes
recorded events and lived experiengsach as the fitssummer day warmer than 40 and the severe drought in
AdzYYSNI HnupYE SAGK GKSANI NBadzZ GAy3 AYLIOGad LG A& O2y
progress reports for the UK, Northern Ireland, Scotland and Wales, which conclude that delivery of effective
adaptationremains limited, with progress too slow to respond to keep up with changing risks. During the five
years since the previous report (CCRAJR), the climate has continued to changigh further evidence of the

impact of ourchanging climate accumulating each year. This trend in both climate change and climate impacts will
undoubtedly continue without substantially increased adaptation efforts.

Many risks that were previously highlighted as requiring Further investigation are now judged to require Critical
investigation. The percentage of risksd opportunitiesn each category in CCRAM8TR and CCRMI TR are

shown in Figure $. Additionally, the overwhelming majority of the risks in the Critical investigation category (8 of
the 12 risksandone of the opportunitiesalso require (at minimum) action under the More action needed category
in the present day or 2030s (TablI&IE

Table B2: Risks and opportunitieated Critical investigation overall that have at least one time period up to the 2050s that include
More action needed.

Risk Code Risk Name Years Rated
MAN

BEG6 Risks to cultural heritage and landscapes Present, 2030

BES8 Risks to local resilience planning and emergency service response Present, 2030
capabilities

N4 Risks to soil ecosystems Present, 2030

15 Risks to road transport systems Present, 2030

E3 Risks to domestic and international supply chains and resource inputs ¢ Present
businesses

E4 Risks to productivity and availability of labour in the UK Present, 2030

E6 Risks to public finances Present, 2030

E7 Risk to household finances Present

ES8 Opportunities to UK businesses and financial institutions from delivering Present, 2030
adaptation goods and services
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Figure Bb. Percentage of riskend opportunitiesn each urgency category from CCRA3Rand CCRAKATR. Moreaction needed
(MAN) Furtherinvestigation(Fl),Sustaincurrentaction (SCAand Watching brief (WB)ave the same meaning in both assessments.
Criticalaction needed(CAN)nNd Criticainvestigation(Cl)are new categories for CCREMTR.

Maximum urgency score for all risks with adaptation (central scenario)
70

60
50
40

30

% of total scores

20

10

SCA

Fl
CCRA3 CCRA4 CCRA3 CCRA4 CCRA3 CCRA4

Action needed Investigation needed Sustain action

tKS SOARSYOS FT2NJAYTF2NNAYI NRAEATE& A

This Technical Report illustrates that the evidence base has continued to improve sincel SRCRABut significant
evidence gaps remain across all five sectors. Often, these pertain to uneven data and evidence availability across
the four nations, withifequent gaps evident in Scotland, Wales and Northern Ireland, whereas others are due to

the rapidly changing nature of some of the sectors. In general, as per previous assessments, evidence for current
levels of risk is stronger than future levels as theertainty in local climate change increases over time.

Additionally, changes in exposure (such as population) and effectiveness of adaptation can be uncertain, impacting
confidence in the urgency scoring of risks over g time horizonsFurther research is also needed to better
understand cascading risks, which remain a major uncertaintytagtill poorly quantified in most sectors.

In quantitative terms, 14 risks (34% of the ssknd both opportunitiesn this assessment were judged to require
additional investigation (Further investigation and Critical investigatisith 12 out of 14risks and one of the
opportunitiesin the new Critical investigation category. This compares with 35% in @E&RR3(Further
investigation). The new Critical investigation categadyichaligns the assessmeniith the precautionary
principle, ensures that any risks with the strong potentialifopacts ofVery High magnitude are not overlooked
simply due to a lack of current evidence.

An overall score of Critical investigation nedds based on the risk magnitude and confidence in the evidence

from present day, the 2030s and 2050s. For these risks, improved evidence is urgently needed to fully establish the
level of action needed, and especially whether the risk will progress tGititieal action needed category. For

several of the riskassessed in th€ritical investigation categorthere is higher confidence in the nearer term

which means action can be taken ndlie risks for with there is a clear case for at leddbre action needed

whilst the Qritical investigation takes place are shown in Talde. E
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Box E52Key evidence gaps highlighted for critical investigation across sectors

1

The most urgent evidence needs are characterised by the risks with urgency scores of Critical investigati
needed. These 12 risks and one opportunity are shown in Figure ES4, and Tables ES3. The sector chapt
provide more detail on the research gaps.

Several crossutting issues are noted, which affect multiple risks in many sectors:

There are fundamental gaps in climate science understanding, incladamges in many types of
weather extremesgcompound and cascading risksd earth system tipping points.

A major issue is thpublic availability and ease of access for data on asgeliserabilityand impacts.
This includes for many public buildings

Information on adaptation and preparedness messages and their effectiveness is an issue in muli
sectors. Metrics for monitoring adaptation progress are limited. Further, information on resilience
relies on the experience of specific individuather than robust, verifiable systems.

There ignsufficientevidenceof systems interdependencies, especially for energy supply and
transmission, which could affect risk scoring.

Economic damages in many sectors are often poorly quantified, and thgeadésally lessomplete and
less granular data on economic damagemost of the sectors considered.
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TablelE3a:Summary table of the national urgency scoretfa risks and opportunities in the Health and Wellbeing chafiiee
urgency scores are abbreviated as follows: Criticibn neededc CAN, Criticahvestigationg Cl, Moreaction needed¢ MAN, Further
investigationg FI, Watchingdrrief ¢ WB, Sustaincurrentaction ¢ SCA.

Risk description England | Northern | Scotland WEIEH
Ireland

Health and Wellbeing

H1 Risks to people from heat

CAN

H2 Risks to people from extreme weather, exclud
heat

H3 wAiala (G2 LIS2LX S FTNRY

H4 Risks to people from climatgensitive infectious
RA&aSIHasSa

H5 Risks to food safety and nutrition

Fl Fl Fl Fl

H6 Risks to health and social care delivery

CCRA4ATechnical Reportxecutive Gmmary
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Table2E3b:Summary table of the national urgency scoretfar risks and opportunities in the Built Environment chapiée urgency
scores are abbreviated as follows: Critmetion needed; CAN, Criticahvestigationg Cl, Moreaction needed; MAN, Further
investigationg FI, Watchindrief ¢ WB, Sustaincurrent actiong SCA.

Risk description England | Northern | Scotland | Wales
Ireland

Built Environment

BE1 Risks to buildings and communities from heat
CAN

BE2 Risks to buildings and communities from flooding
BE3 Risks to buildings and communities from coastal
change

BE4 Rislsto buildings and communities, excluding from
heat, flooding and coastal change

BE5 Rislsto indoor environmental quality

BE6 Rislsto cultural heritage and landscapes

BE7 Rislsto facilities delivering public services, excludir
health and sociatare

L

BE8 Rislsto local resilience planning and emergency
service response capabilities

Cl
CAN
FI
MAN
MAN
FI

BE9 Risks to households from changing energy deman

2]
<
>
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Table3E3c:Summary table of the national urgency score forrisks and opportunities the Land, Natureand Foocthapter. The
urgency scores are abbreviated as follows: Criticibn needed; CAN, Criticahvestigation¢ Cl, Moreaction needed; MAN, Further
investigationg FI, Watchindrief ¢ WB, Sustaincurrent actiong SCA.

Risk description England | Northern | Scotland WEIEH
Ireland

Land, Nature, and Food

N1 Risks to terrestrial and coastal ecosystems

N2 Risks to freshwater ecosystems

N3 Risks to marine ecosystems

N4 Risks to soil ecosystems

—

-~
[
~
(I
~
[

N5 Risks tanatural carbon stores and sequestratio

N6 Risks to agriculture

N7 Risks to fisheries and aquaculture

N8 Risks to forestry

N9 Opportunities for agriculture, forestry, fisheries

and aquaculture CL CL CL CL

N10 Risks to food security
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Table4E3d:Summary table of the national urgency score forrieks and opportunities the Infrastructurechapter. The urgency
scores are abbreviated as follows: Critmetion needed; CAN, Criticahvestigationg Cl, Moreaction needed; MAN, Further
investigationg FI, Watchindrief ¢ WB, Sustaincurrent actiong SCA.

Risk description England | Northern | Scotland WEIEH
Ireland

Infrastructure

11 Risks to the delivery of infrastructure services

from interdependencies with other infrastructu CAN CAN CAN

systems
12 Rislsto electricity generation
MAN MAN
13 Rislsto electricity transmission and distributior
systems MAN MAN
14 Rislsto fuel supply systems
Cl Cl
15 Rislsto road transport systems
Cl Cl
16 Rislsto rail transport systems
MAN MAN
17 Risks to aviatioand maritimetransport systems
Cl Cl
I8 Rislsto digital and communications systems
FI FI Fl FI
19  Rislsto water supply and wastewater systems
A\ AN

Fl

Fl

110 Rislsto waste management systemexcluding
wastewater systems
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Table5E3e:Summary table of the national urgency score forribks and opportunitie the Economychapter. The urgency scores
are abbreviated as follows: Critiattion needed; CAN, Criticahvestigationg Cl, Moreaction needed; MAN, Furtheinvestigationg
Fl, Watchindrief ¢ WB, Sustaincurrent actiong SCA.

Risk description England | Northern | Scotland WEIEH
Ireland

Economy

El

E2

E3

E4

ES

E6

E7

E8

Risks to UK Macroeconomic performance and
stability CAN CAN

Risks to domestic and overseas physical asse
UK businesses

Risks to domestic and international supply ch¢
and resource inputef UK businesses

Risks to the productivity and availabildflabour
in the UK

Risks to financial institutions and the financial
system

Risks to public finances

@)

Risks to household finances

Opportunities to UK businesses and financial
institutions from delivering adaptation goods a
services

@)
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Health and Wellbeing

Figure ES6: Urban green spaces, such as Kelvingrove Park in Glasgow, can deliver a range of physical and mental tsealtthbenefi
as reducing chronic stress and encouraging exercise. Séulalee Stock

CKAA WSLE2NI /FNR LINPOARSA | AdzYYFINEB 2F GKS | SHfGK +y
Technical Report, including an overview of each of the risks assessed as requiring the most urgent action or
investigation. Full details includimggional variations can be found in the chapter.

Chapter summary
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Built Environment

Figure ES7: Flooding by the River Severn in Bridgnorth, Shropshire, in March 2020, a few weeks after Storm Denniseestdted in
property damage and evacuations. Flooding is a major and growing risk for communities across the UK. Imagdatvediitock
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CRITICAL

NEEoED BE1: Risks to buildings and communities from heat
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CRITICAL

N EEoED BE2: Risks to buildings and communities frofiooding
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CRITICAL

nvesticaton  BEG: Risks to cultural heritage and landscapes
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CRITICAL BES: Risks to local resilience planning and emergency

INVESTIGATION :
Service response
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O BES3: Risks to buildings and communities from coastal change

NEEDED
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T ON BE4: Riskto buildings and communities, excluding

NEEDED from heat, flooding and coastal change
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MORE
ACTION BES5: Riskto indoor environmental quality

NEEDED

Indoor Environmental Quality (IEQ) refers to conditions within a building, including thermal comfort (BE1) and

indoor air quality (IAQ). ltcah Y LJ- OG LIS2 L)X SQa KSI f { #nerabfeRroups Noolindtd y 3> LI
factors such as building design have a major influence, but IAQ can be affected by climate change igingugh r
temperatures, increased humidity and altered rainfall patterns.
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MORE

ACTION BE7: Risks to facilities delivering public services,

NEEDED excluding health and social care
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A TIoN BE9: Risks and opportunities to households from

changing energy demand
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Land, Nature, and Food
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Figure ES8: Firefighters tackle a grass fire on an upland moor in Wales. Wildfires are an emerging climate risk across the UK
threatening ecosystems, carbon stores and forestry. Image chatbbe Stock
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Chapter summary
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https://stock.adobe.com/uk/images/fire-fighters-dealing-with-a-large-grassfire-on-an-upland-moors-in-wales/498640456

CRITICAL

ACTION . 1 1

Etoh N10: Risks to food security

ItAYFGS OKFy3S A& RA&NHZIRY3I GKS | Y F22R aeadSy | yR 2
b22RAY3II RNBdAAKG FyYyR &d2Af SNRaAz2y Fff SOl R2YSaal
Aad NBf Al Pz I3oENDE AYWLIENSI a 2F FTNHAGE @¢S3SilrofSax fS3adzyS

T ! NEdzyR mMy:: 2F GKS ! YQa FTNHAG FyR &3FRi0IYRIBRENE GENNE
G2 Of A Yl Gré yi€ds hafeldSatined in the South and East of Europe, increasing food insecurity in
the UK, particularly fof 2sy O2 YS K2dzaSK2ft Ra

1 By the 2060s, climate driven food price rises in Europe could be adding around £1 billion aoy&#t
national food costs, while domestic production will come under increasing pressure.

1 Food strategies at the UK and natitmvel recognise climate risks, beritical action is needed to address
a lack of clear delivery plans which address systemic threats to food security

CRITICAL

mvesticaton  N4: Risks to soil ecosystems
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ACTION

NEEDED
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MORE :
ACTION N2: Risks to freshwater ecosystems

NEEDED

I ETAYFEGS OKIFy3IS A& RSINI RAY I GRKANA FSWQANSTRNIBOK2a 301 SANJ SN2
GSYLISNY GdzNBas FyR KSF@ASNI NI AYyFEEE FEf KENY gl GSNJ | d:
UKNBFGSya UKS 0A2RAQOSNEAGE 2F GKSAS SO2za80OKEYHS&Z6S
LRfftdze2ys YR AYy@lFrairg@dS alSOASa INB AYLRNIFYyG O2YLRdzy

1 CNBakKgl GdSN) SO2 (iSya II&BIKIWEI REQEANSIOEWE® ¢ IRISARD £

aead
OdzNNByiGfe NIYriSR Fa KFr@Ay3d 3A22R 20SNIft OKSYAOFT ¢
g GSN) aLISOASa tA1S ONRgyYy (NRBdzi RSOt AYyAYy3a YR Aygl
1 By the2050s warming couldpush many freshwater ecosystems beyond their ability to adajgading to
widespreadbiodiversity losshabitat decling and ecological disruption.
1 Adaptation actions so far have had mixed succdsational frameworks and strategies lack both clear
objectives and longerm targets and more action is heeded to address this risk. There is also an urgent
need to monitor and understand the effectiveness of adaptation actions.

MORE . .
ACTION N3: Risks to marine ecosystems

NEEDED

al NAyS SOzaealiSya adzl2NI o0A2RAQOSNEAGE | ONB&aa GKS Y
GFNXYAY3A g1 GSNESX AYONBFASR A0NI oUDESdZRFYI $ 2y ENBER OdzNNB

i The seas around the UK are warming rapittigre are now aboutfour more marine heatwave events per
year compared to the 19808 he resulting change in prey availability means thahy seabirds are
already at the southern limit of their breeding range

1 By210Q models projectmajor climateinduced shifts in marine habitatghreatening Marine Protected
Area (MPA) effectiveness.

1 The marine environment and ecosystems are recognised in national adaption policies, particularly through
the MPAs. However, MPAs are focused on protecting a certain habitat or species in present conditions,
impact of climate change is not yet included iPAMplanning. Thugjore action is needed to address
gaps in implementation of planned adaptation measures as well as gather information on their
effectiveness

ACTION N5: Risks to natural carbon sources and sequestration

NEEDED
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MORE : .
ACTION N6: Risks to agriculture

NEEDED

OK I Ad | £t NBFRe
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T wAhala G2 'Y FrN¥ya oAttt AyONBhASII AKE NNAEHRNBRY D
FENXYEFYRQ Ay (GKS 'Y A& LMBBHBOUISBR W :@RMEY (i 2 T RRF dz

f bSg% | ANKOdz GdzNIF £ L2t A OA Sa herdiSstibiNBdYa? moyectihftoh YI S NI
address gaps in strategic future targets as well as indicators to track changing climate risk and the
effectiveness of adaptatio® . dzA f RAy 3 gl NBySaa 2F FRIFELIGIFGARZY 2L
GAYaQs g2dA R &4dzZLJLI2 NI Y2NBE STFFSOGAGBS dzllitk { So

MORE . . 0
ACTION N7: Risks to fisheries and aquaculture

NEEDED

CAaKk Sa YR Fljdzr Odzt GdzNB INB Fy AYLERNIFYyd LINI 27F 0
FNRY OfAYIFIGS OKFy3aS AyOftdzRAy3d NRAAY3I &SI adaNFIFOS GSY
208y | OARA (RGOKo 25/B51 OSND [120FS 4ikKS AYLI Oda 2F LISada FyR |
SYGANRBYYSyGao

1 Warming seas are shifting species distributiort@oldwater fish such as cod have declined, reducing North
Sea catches, while warmwater species such as European seabass are becoming increasingly common.

9 Future losses for fisheries from climate change could be seweith the Northwest Atlantigprojected to
face 12% average loss of flsp midcenturyandup to 35% by 2100

1 While climate adaptation policies exist in this sector, they are inconsistently applied and management is
fragmented.More action is needed to ensure that climate risks are not overlooked in fisheries planning
and to coordinate across geographical boundaries

MORE :
ACTION N8: Risks to forestry

NEEDED

Forests and the ecosystems they support are culturally significant to the UK and provide value through services and
natural capital¢ KSe& FI OS AyONBlFaAy3a Nrala FNRBY OfAYF(GS OKIy3e
RNRdzaKGazx ¢Af RUNB&AZ yR Y2NB FTNBIdSyid FyR AyiSyasS SE
Ffaz2 &aLINBIFIRAY3 Y2NBOWIAVRBS® RdzS (2 Of AYLE

1 Extreme wind causes severe damage to UK forests and wind speeds are expected to increase in the
future.{ G2NY ! NB3SY AY Hnanum FGSOGSR FINRBdzyR nZnnn KSOI
YAtTEA2Y Yw 2F FLEtSy GNBSao®
9 Forest ecosystems are increasingly at risk of partial or total collapse within the next 50 yhardo
interacting climatedriven disturbances of wind, fire, pests, and bark beetles.
1 New strategic action plans are helping support forestry adaptation across the Uidpbeitaction is
needed to understand where adaptation measures are actually being usgdvell as to consider
compound risks, such as a windstorm immediately following a flooding event.
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Infrastructure

Figure ES9: A repair platform fixes the railway line at Dawlish, Devon, following severe storm damage in 2014. Thidisedtias o
had to be repeatedly repaired in the following years, most recently after Storm Ingrid in January 2026. ImagsdoeeliStock

¢CKAa WSLENI /IFNR LINPGARSE | &adzyYYFENER 2F (GKS LY FNI adNd
Technical Report, including an overview of each of the risks assessed as requiring the most urgent action or
investigation*. Full details including regial variations can be found in the chapter.

Chapter summary

Our national infrastructure includes transport, energy and digital communication networks, as well as waste and
water systems. It underpins the functioning of our society and economy, but climate change is already causing
costly impacts either by directijamaging our infrastructure asrasult of intensifying extreme weather everas
altering the surrounding environment

1 Thehighly interconnected nature of our national infrastructure makes it vulnerable to extreme weather
a failure in one network or system has a cascading effect which can impact other infrastructure services
(12). This interconnection will only deepen into the future as our systems become more integrated,
particularly through electrification and the usé digital technologies.

1 In many casessks are compounded by the condition and design of ldifg infrastructure assetdike
road (I15) and rail networks (16), and sewage systems (19). Often these assets are aging and may not be
resilient even to our current climate.

1 New technologies will bring major changes to our national infrastructure landscapest importantly
around electricity generation, transmission, and distribution (12, 13), as well as for road transport (15) and
fuel supply (14). This presents an opportunity to build climate resilience into new infrastructure and
networks.

1 Without effective adaptation, the intensification of extreme weather and the associated hazards will cause
greater damage and disruption to our infrastructure networks. Adaptation plans and policies exist for most
infrastructure sectors, and actions areading to be implemented, buthere needs to be increased
monitoring and evaluation of adaptation actions to measure their effectiveness and the improvements
to system resilience.
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eTion 11: Risks to the delivery of infrastructure services from

NEEDED interdependencies with other infrastructure systems

¢CKS ''YQa yFdA2ylFft AYyTNI §dsNpuinicahdSsysters caitliggek faildresiagfassS NO 2 v Y
others, amplifying extreme weather impacts. This reliance will deepen, as most infrastructure services are
underpinned by changing electricisystems and are increasingly connected by digital and communication systems.

1 Examples of critical infrastructure breakdown due to extreme weather are being increasingly
documented For example, aseveleS | G g @S | OWBH & HKSH! YSR (G2 RIGF C
Dd22 Qa YR {{G ¢K2YIFaQ bl { ¢NUzZ&AG Ay [2YR2yI RAa&NHzLE

91 Increasingly large and frequent damage to infrastructure from extreme weather could lead to severe
losses of function across multiple systems, with estimatests of £ billions annually by the 2050s
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adaptation strategies on interconnected systems.

CRITICAL

nvestication  14: Risks to fuel supply systems

¢KS ! YQ& FdzSt adzllX e &aeaidSy Aa O2YLX SEX AyOftdRAY3I Ay
of both liquid and gaseous fuel. These diverse assets are exposed to impacts from extreme weather events, such as
floods, droughts and wifites, while high temperatures can reduce equipment operating capacity. As the UK
decarbonises, the fuel supply system is also currently undergoing significant changes, bringing opportunities to

build climate resilience.

1 Although some evidence is available on current climate risks and the adaptation action that has taken
place so fargritical investigation is required to address limited information on future climate risk to fuel
supply systems and a lack of quantitative evidence for the benefits of adaptataswell as gaps around
monitoring and evaluation.

CRITICAL

mvestication  15: Risks to road transport systems

Road transport infrastructure, which includes active travel and bus serviodsrpins many of the other transport
networks in the UK, as well as other infrastructure servigéighout adaptation, road networks will suffer
increasing impacts from more frequent and severe extreme weather in the future, for example from flooding,
subsidence, and landslides.
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CRITICAL I7: Risks to aviation, and maritime transport systems

INVESTIGATION

Aviation, ports, shipping, and inland waterways face a range of risks from climate change. Flooding and extreme
wind are the main hazards for aviation, while deegel rise, coastal flooding, extreme temperatures and increased
wind-load are the main hazasdfor ports and shippindnternational shipping and aviation can be impacted by
climate hazards outside of the UK.

1 There is evidence of adaptation taking place in airports, but there are limited adaptation policies in place
for ports and shipping and very limited evidence exists around inland waterways. However, current
adaptation plans are focussed on short timefranagsli critical investigation is needed to address the
limited evidence around future climate risks, as well as to understand the effectiveness of adaptation
action in the aviation and marine sectors.

CRITICAL 110: Risks to waste management systems, excluding

INVESTIGATION. o st ity systems

Waste management systems include infrastructure such as landfill sites, waste incinerators, recycling and material
recovery centres, but also nuclear waste and decommissioned power stations, and mining sites, particularly coal
spoil tips. Impacts from cligte change include release of landfill waste as a result of coastal erosion or flooding,

but reported cases are local in scale.

1 The climate risk to waste management systems is assessed as low across the UK apaki/tes,in
where critical investigation is needed into the current high risk of potential coal spoil tip collawbich
can occur as a result of heavy rainfall, although this risk is expected to reduce in the future as a result of
adaptation actions.

MORE . a0 -
ACTION 12: Rislsto electricity generation

NEEDED
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1 Inthe future, thenumber of power stations in England at serious risk of flooding could approximately
double with a global temperature rise of 4 °C.

1 There may be an increase in periods of low solar and wind resources for the/kléh are anticipated to
be managed through adequate planning for security of supply.

1 Awareness of climate risks in this sector is high,rbote action is needed to address a lack of detailed
adaptation strategies and quantitative measures of success
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Ao 13: Risks to electricity transmission and distribution

NEEDED Systems

The electricity network in the UK is a mix of physical assets, such as pylons and undersea cables, which transmit
electricity from power stations and connect to overseas netwarky. ¥ NJ & (i NHzOG dzZNBE A a Ay ONBI &
RNEZ dzHogdingZ> 2 SNKSl eoy3a yR KAIK SAYR&E | & BeteleddiBityS 65| (K¢
network is also currently undergoing a significant transformation and upgrade.

1 Named storms have brought substantial disruption to electricity distribution networks inthe\UK H A H H X
aG2N)a 5dzRf S&x 9dzyAOSZI YR CNYylf Ay {OdzaZBIRe Xy2 a2 Z
ARSYaUSR Ia (GKS OdaNNByid Nral 6AGK KAIKSAdG 2OSNIff

9 Itis not yet fully understood how planned expansion and upgrades to the electricity system will be
affected by climate change; risks will increase, but this is also an opportunity for adaptation.

1 More action is needed to address risks to electricity transmission and distribution systems in England,
Scotland and Wales, ashile adaptation is taking place, there is limited evidence on how effective that
adaptation has beenNorthern Ireland is not subject to the same reporting powers as the rest of the UK
and so evidence for action to address future risks is limited.

MORE . .
ACTION |6: Rislsto rail transport systems

NEEDED

Extreme weather affects rail networks both by damaging infrastructure and by causing service disruptions. Much of
GKS ' YQa NI Af ySig2-Ndydesgignand constriicion siaBdareNdasing theriSkNdgm
climate hazards.

1 In Great Britaindisruption costs from wind, flooding and subsidence were £383 million, £316 million and
£144 million respectively, from 2008024while the impact of extreme heat on rail networks has become
more prominent in the past decade.

91 Increasingly frequent and severe extreme weather events in the future could resasis in the £
billions in England and £10s of millions in Scotland by the 2080s

i ! daptation to climate change is recognised as essential by the sector; risk assessments and adaptation

plans have been carried out across thedK| 2 gYRNSNEF Oa 2y A& Yy SSRSR (2 | RR
lj dzi y o (eVider@e? y( Keffectivenes2 ¥ | Rl LJil a2y G2 RIGS®

MORE

Galel 19: Rislsto water supply and wastewater systems

Water supply and wastewater infrastructure will come under increasing pressure from droughts and flooding,
compounded by future population growth and an expected rise in industries with high water demand. Droughts,
high temperatures, and floods will alsoge a major threat to water quality, compounded by inadequate pollution
control and an emerging risk from wildfires.

f ¢KS !'YQa 4l (iSN) adzllLlx e +FyR ¢gFaiaSegl SN agadisSya | NB
Drought in particular poses the principal threat to future UK water supphor example, two drought
prone areas with high water abstraction have been identified in Scotland near the rivers Spey and Tay,
where the frequency of drought could more than double by the 2080s.

1 Planned adaptation action will reduce climate risk to this sector in the future, although the risk is still
expected to remain highiMore action is needed as the quality of adaptation planning is varighfeking
specificity and with limited evidence on quantitative measures of success or monitoring of
implementation.
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Economy

Figure ES10: Industrial zones such as the port at Feilxstowe, Suffolk, are major hubs for the transport of goods risitfevenat
saline intrusion, more severe storm surges, and erosion, as a result of sea level rise. ImageloteBtock
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Chapter overview

ItAYFGS OKFy3S L}asSa aA3dyaUOryd Nnxata d2 GKS | Y SOz2y
OKIFAYy&as LINRPRdzOa@AGE YR fF062d2NE Lzt A0 FyR LINARGFGS U
SO2y2YAO NR&]l & dMNEBBY (16 3A3MOBWYKSEOS MG oF2N) K2dzaSK2f R Uy
y2i fAa0SR AYRMAARMBDLISOoyyd (KS /FINRIgA yI NBEO23IyAszy 27
1 ¢KS 2@0SNrftf SO2y2Ye 2F (GKS 'Y (GKS YIONRSO2y2Y@é:
GKS&aS AYLI OGa INBE SELISOGSR YRS NN la@OaizNNBMﬂeLRY?\KDK‘
SO02y2ye O2dzZ R asSSsS t2aasa 2F G tSrad toém: 2F DNR:
f ¢KS AYLIOG 2F OfAYF(OS OKIFIy3aS 2y G(GKS SO023ABy ard fI)
ASOSNBE SO2y2YAO0O t2aadSa NBbSOG |y dz2NBSyid ySSR F¥2NJ
T ¢KS ''YyQa S0O2y2Yeé A& SELIR&ASR (2 NRAAY3I AYyiESNylezyl
2P0SNASHA odz@AySaa aasSiAt AYRISUIAKAPT S FaNBI RYRYRE
LINE RdzOa 2y > LINAOSA IyR YI ONRSO2y2YAO adGloAtAGe 69n
FYR aSNWAOSa LINBaSyida 2LILRNIdzyAiaSa F2NJ!Y 0dzaAyS:
f 2A0K2dzi T RIFILIIFoea2y>S K2dzaSK2ftRa gAff T OS AyONBI aiy
FGSOG @dzA ySNY 6f S NBIzZEIAYHYR2B8RSLINEDS 4606 HA R 024l
MHTP Y2NB LISNJ @SIFENJ o6& HnanpnI AyadzN)»yoOS LINBYAdzyra o)
NBLI AN GKSANI K2YSa F2ft26Ay3 SEGNBYS OtAYLFHGS S@Sy
f /2YLINBR (G2 2G0KSNJ aSOG2NE> tSaa ljdzZ yalil a@dS S@OARS)
'YQa SO3R2WME: GKS FaasSaavySyd 2F OtAYIFIdS NRalia FyR
2LAYAR2Y f2y3 6AGK SOARSYOS FTNRBY 20G§KSNJ O2dzy i NAR Sa&«
y2G F002dzyiSR FT2NJ AYy YIOKE&EO2y2 IMNASYZRFSECRY F@ NI K
Y2RStEfAy3a 2F SO2y2YAO0 OfAYIGS AYLI Ola 2y GKS !Yo
T ' 6 NBySaamBT I OBRYS®DEy2Y2 Oo deih alf& RAIANBIRYIR G KNBd
I YySSR FT2NJ NPO dEAINISRO| S W8 G2@S y2SFa aNB2AH | RF LIl a2y | Os
GKS Nxala FNRY OfAYF({S OKIFIy3aS (2 (G4KS S02y2vYeo

CCRAM4ATechnical Reportxecutive @mmary 39


https://stock.adobe.com/uk/images/felixstowe-container-port-suffolk-uk/729660350

oo E1: Risks to UK macroeconomic performance and stability

NEEDED
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f Future economic damages are expected torisesharplydzo a i yal f D5t f2aaSa | NB
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1 Progress on UK adaptation overall is assessed as inadequate prepacedness for climate risks to the
macroeconomy are considered limitedritical action is needed to ensure that adaptation delivery
matches the scale of risks identified across the whole of this repamt to address the lack of
macroeconomic risk indicators that can be used in adaptation planning.

eTion E2: Risks to domestic and overseas physical assets of UK

NEEDED businesses
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1 Extreme weather currently causes major financial costs for UK business#é®e estimated direct costs of
flood damage to business properties across the UK is £670 million penyegit. 2 ¥ 10 N& d ¢ISfA a
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e ES5: Risks to financial institutions and the financial system

NEEDED
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threatening and is estimated in £ hundreds of milliondK institutions are highly exposed to climate risks
due to their central role in international finance, but to date have not experienced significant
climaterelated liability losses.
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1 There has been progress in identifying and managing climedég¢ed financial risks, but these measures

are only partial andritical action is needed as the scale and speed of climate impacts may outpace

current risk management and supervisory tools.

CRITICAL E3: Risks to domestic and international supply chains and

INVESTIGATION 0 0
resource inputs of UK businesses
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91 Infrastructure for supply chains will be a greater risk from climate impacts in the futl@®% of all UK

trade, by volume, is transported by sea. The number of key global ports at high risk from multiple climate
hazards could nearly double by 2100rising from 385 to 691.
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CRITICAL E4: Risks to the productivity and availability of labour in
INVESTIGATION the UK
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estimated to cost the UK £1.2 billion per year in productivity losses.
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mnvesticaTion  E6: Risks to public finances
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9 Estimates suggest that thgbvernment spending in response to current climate impacts in the UK is
about £45 billion peryearwithO2 aia SasaYlIGSR (2 06S FNRdzyR mMmmn o0Af
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CRITICAL

nvesTication  E7: Risks to household finances

Households and individuals will face financial costs and burdens from climate change. These can be direct, for
example through flood damage to property or increases in food prices, and indirect, for example from rising
insurance costs and disruptions to ployment. The impacts will be highly unequal, with lower income and
vulnerable groups at greatest risk.
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1 Overall, future costs to households will strongly depend upon the climate adaptation measures taken more
broadly across society, as described in the other risks in CI2RERVery limited evidence is available
that is specific to the UK and critical investigation is needed to underst&ng dza SIK@RE y OA |
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CRITICAL E8: Opportunities to UK businesses and financial

INVESTIGATION  [nstitutions from delivering adaptation goods and services

As national and global climate pressures increase, demand for adaptation solutions will grow across all sectors of
society. This will create opportunities for UK businesses, such as developingeiilhce technologies or
climaterelated insurance pragcts. Providing enabling conditions for market opportunities is crucial, for example,
by using public investment to unlock adaptation action.

1 Adaptation goods and services are already a significant opportunity for the AiKincrease in demand
for adaptation services could become a market valued at several billion pounds, based on the current size
of the UK environmental advisory services markeN®2 dzy R MH ®d 0Af f A2y AY HAHHD

1 These opportunities are set to increase significantly in the fututdne growth potential of the global
adaptation market is about 10% per year and could reach £36.5 billion by 2032.

1 Preparedness will depend on how wetjuipped businesses are to take advantage of these opportunities,
supported and enabled by governmentdzZNNBy (Gt &8 yl a2yl LR2ftAO& FyR &aiN.
RSGIFIAET 2y 2LIRNIdzyAaSa F2NJ OtAYFGS IRIFELIWEFaz2y aSoOi
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M LY UGNBRAzZOUAZY

This chapter sets out the methodology for the Technical Report of the Fourth Independent Assessment of UK
Climate Change Risk (CCRAZR). The aim of CCRBMIR is to assess climate risks and opportunities to the
UK. To do this, a standard methodology is used to review available@dewed, and other qualitassured,
evidence.

A set of 43 climatenduced risks and opportunities for the society, economy and the built and natural
environments of the UK have been defined. These are formed around five outcome areas (and corresponding
chapters); Health and Wellbeing, Built Environmémnd, Nature, and Food, Infrastructure, and Economy. For
each risk and opportunity, a methodology is applied by experts to produce a score indicating the urgency of
taking adaptation action. The CGRMTR methodology addresses an overarching question:

What are the most urgent climaténduced risks and opportunities to the UK?
The methodology applied to answer this question is based on the following concepts:

1 Magnitude: Refers to the overall impact or severity of the risk or opportunity. Authors gathered
evidence and scorkthe magnitude of climate risks in the present day and in the future (for the 2030s,
2050s and 2080s) in quantitative or qualitative terms (see se@i®.2) using indicators across a range
of impact descriptors (e.ghealth, economic damagestc).

1 ConfidenceConfidence is assessed to provide an indication of the quality and level of agreement of the
evidence used in the magnitude scoring.

1 Adaptation: Current, planned and announced government and+gorernment action to either reduce
the magnitude of a risk or to realise a potential opportunity, is assessed by the authors. From this,
FdziK2NBRQ SaidloftAaK (GKS AYLIFAGQ 2N &Kl 20LILI2ONTIAD2YYA {128y
periods which may require further action.

1 Residual risk/opportunity:This is the level of risk/opportunity which remains after considering current,
planned and announced adaptation actions.

9 Urgency:The urgency score is arrived at using magnitude and confidence scores after adaptation has
0SSy O2y&ARSNBR® ¢KSNB | NBz&Eix & yLIDAANMNBiGatactidnOz N2 § ¢
YSSRSRQ® ¢ KS a02 NB dimdteliBingaQyhintitgeR& R/ ke@inbehdations ko6  /
the prioritisation of government actions.

Additionally, several supporting processes were carried out throughout the assessutinted in BoxL.1).

Box1.1 Evidencegatheringand supporting processes for CCRA4

Expert review As part of the assessment framework outlined in section 1.3 (below) authors were requir
gather evidence for the review. All evidence included in the report was required to be published by the
of the submission of the CCRA¥ TR to the CCC in Iradry 2026.

Callforevidencel & ¢Sff Fa GKS | dziK2NBRQ 26y f A0GSNI {dzNB
gather evidence from the wider academic, policy and practice communities. These were carried out in |
(mid-May to early October) and 2025 (lalanuary to early Jie). Evidence was requested of how our
understanding of risks and opportunities has changed over the last five years. Importantly, this includeg
updated evidence of how these risks and opportunities are being managed. It also inclugteemadctions
are reducing (or will reduce) the levelridgkor increasing the extent to which opportunities are realised.
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Material was collected and distributed to the relevant chapter author(s) for evaluation and potential incl
in the assessment.

Stakeholder engagemeniA series of workshops were held with Government stakeholders and Arm's Le
Bodies (ALBsuring theassessment. These were held for individual systems such as land, transport, an
environment and communities, and included the relevant Government National Adaptation Programme
risk owners (both for the UK Government and devolved administratidrige strategically timedorkshops
focused on i) caleveloping the list of risks and opportunities to be assessed, ii) eliitaf evidence to
support the assessment, and iii) feedback on interim findings of the assessment. Additionally, chapter &
engaged with relevant stakeholder networks to elicit evidence.

Review processA structured review process was also implemented iawdlved four groups. All groups we
invited to provide additional evidence for the review.

1 Science Assurance Groufin internal group of four senior academics responsible for ensuring
scientific rigour of the assessment approach and chajeteel output. The Science Assurance
Group was involved with the review of draft material throughout the course of the assessme

1 Climate Change Committedhe Adaptation Committee and Secretariat of the CCC were sim
involved in the review of the method and draft material throughout the course of the assess,

1 Independent Review GroupA panel of external experts was established to review the drafts
all chapters prior to being sent through to a wider community review.

1 Community ReviewAn open review was conducted for the draft Technical Report between
October and November 2025. This review was open to all, with academic, policy and practiq
communities targeted for feedback.
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MEP wAdala | YR hLILI2 NI dzy }

CCRAJ4A TR has 41 risks and 2 opportunities. These have been reformulated from the Third Climate Changg Risl|
Assessment Independent Assessment Technical Report (CGRA3 ¢ w0 Q& ¢cmM 64SS ! YyYSE
reformulating the risks and opportunities wacdeveloped over a series of workshops with risk owners.

The risks and opportunities were defined to teeeptorbasedrather than hazarebased This means they are
F20dz2aSR 2y GKSNB AYLI OGa 200dNE WiKS NBOSLII2NRI ad:
hazards that might occuylike flooding or extreme heat, for examplRisks were formulated wherever possible

G2 ARSY(GATe || ,asecfod syStemPiitBi©dehai carNda negativel affected by climate

change, or positively in the case of opportunitiBeceptors werelefined with consideration of the governance
structures in the UK and devolved administrations (DAs), to improve accountability for managing risks. Wherever
possible, risks and opportunities were defined to improve consistency in scale and scope acessetisenent.

The economy chapter risks did not fit the single receptor principle and therefore represent more aggregated
risks in several instances. The scoring of these risks required a-stagetonagnitude indicator (see section

1.3.2). International components of the risks and opportunities are considered holistically alongside the national
drivers for each risk and opportunity.
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1.3.1 Assessment framework and process overview

CCRAJ4A TR maintains a synthesis approach uséCiGRA-IATRand CCRA:-IATR(the two previous risk
assessments), as well as other international approaches. This involvesepesved and other qualitassured
evidence being evaluated by experts using a $tggtep methodology to assess the urgency for action for each
of the identified risks and opportunities. THRRCRA4A TRuses a threestep process to assess urgency:

1. wS@ASs (GKS SPHARSYOS 2F GKS YIF3AyAGdzZRS 2F NRaA|l FyR 2L
FRILIGE GA 2y é -diyzand fuluke §melgttiBds &Gytlér different warming scenarios). For each time period
and scenario, assess the level of coefide in the evidence base.

2. Review the evidence of curreand planned adaptation action within and outside of government and assess the

residual risk (after adaptation).

3. Assess the urgency of taking additional actions within the next five years, considering the expected magnitude of
the risk (assuming current and planned adaptation takes place, under our central climate scenario) and the
confidence in the associated evidembase.

Foreach of CCRA4! ¢wQ& F2dzNJ GAYS LISNA2RE 64S8SS .2E MOPHOZ 2
W2 FSNI ffQ dzNBHSyOe &a02NB dzaAy3d GKS dzZNBHSyOe &a02NRAy3
framework is given in Figurell.The detailed description of each of the three steps in the urgency scoring
framework is given in Sections 1.3.23.4.

Step 1: Review the evidence of the magnitude of risk or opportunity and
confidence in the evidence under the assumption of “no additional
adaptation” for the present-day and future time periods.

Step 2: Review the evidence of planned adaptation action within and

outside of government, and assess the material impact of planned
adaptation on the magnitude and confidence.

Step 3: Assess the urgency of taking additional action, considering the
expected magnitude of the risk and the confidence in the associated

evidence base.

Critical action Critical More action Watching Sustain
needed investigation needed brief current action

Most urgent More urgent Less urgent

Figurel.l CCRAA TRurgency scoring framework
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Box1.2 Climate framing for CCRA4

CCRA4ATR considers risks and opportunities in the present day and for three future time periods at tw
three Global Warming Level (GWL) climate framifaggpending on the future period in question, see Table
11).

Data from model simulations are used froma®2® I NJ LISNA2R Ay 6KAOK GKS
temperature (GMST) reaches a specified level above the baseline of tedoitrial GMST for 1850900.
UKClimateProjections (UKCRJses a combination of observed warming and estimates from climate mod
simulations to select the 2@ear period whose average temperature most closely matches each GWL (M
Office, 202).

The GWL approach directly links with global policy goals, including the 2015 Paris Agreement. The GW
approach shifts uncertainty from the timing whenclimate impacts will happen, twhat the impacts will be,
and how severe. This allows more climate model simulations to be used, including those based on very
levels of greenhouse gases that are now considered less realistic. The timing of GWLs can therefore b
aligned with the nost up to date assessments@missions projectionand provide aetter basis for risk
assessment for planning and adaptation. However, it is less suitable for impacts that strongly depend g
rate of warming, or the cumulative amount of warming over a giperiod ¢ with sea level rise being one
example.

The future time periods at which the GWdrg realised use a 2Qear period centred at the migoint of each
decade. These avoid any overlap between time periods. If longer time periods are used, the decgutahin
is maintained. To summarise, the four time periods are as follows:

1 Present day: risk and opportunities from the range of possible weather and climate conditions p
today.

T 2030s: a neaterm reference period centred on 2035, to represent the climate for which the next rg
of national adaptation programmes will need to fully prepare.

I 2050s: a miecentury reference period, centred on 2055, consistent with the end of the perig
Wi NBSte AYySOAllIoftSQ OftAYIFGS OKIFy3aSs NBEIIF NI
the next few decades.

I 2080s: a latecentury reference period, centred on 2085, used to consider the implications of fu
climate change beyond the middle of the century, applicable todoegl infrastructure or adaptatior
pathway dependencies.

These time periods allow CCRIMIRto focus on neaterm risks (e.g.2030s), while also providing alignme
withneari SNY NBFSNBYyOS LISNA2Ra Ay GKS Ltt/ Qa {AEU

In CCRAJATR a range of global warming scenarios flosrC (in 2030s) to 3.8 (2080s) are considered.
The use of global scenarios provides alignment with international climate assessments and with progre
GKS t I NRa& ! FenBéSnysayuie aals. fT@Rajll The authors in matching evidence to an

appropriate GWL, a tolere of +£0.5°C for 2030s and 2050s is applied, extending tt *Z for the 2080s
(Table 11). The GWL bands were used to match evidence (magnitude) to the appropriate scenarid.glal

Authors were asked to report risk magnitude for a central and high scenario for the 2030s and 2050s a
2> OSYUGNIf |yR KAIK &aOSyl stdnaricafoNbe dukhsrs te exyloteithe

possibility that global mitigation efforts are strengthened significantly beyond current policy trajectories
the associated lower warming outcomes).
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Tablel.1 GWL band for literature assessment of GWL based studies. A baseline-290858 used. Present day is also considered
creating eight time periods to be assessed. Central values are used for the final urgency scoring.

20305(20262045) 2050s(20462065) 20805s(20762095)
Central High Central High Low Central High
GWL 1.5°C 2°C 2°C 2.5°C 1.5°C 2.5°C 3.5°C
GWL 1.25°C 1.75°C 1.75°C 2.25°C 1°C 2°C 3°C
band to to to to to to to
1.75°C 2.25°C 2.25°C 2.75°C 2°C 3°C 4°C

1.3.2 Assessment of currerand future risks and opportunities

Authors were asked to assgsesentday and future climate risk Y R 2 LILI2 NI dzy AGAS& 6AGK
FRRAGAZ2Y I WRRLIHERRAGYRYLFf FRFLWGFGAZ2YQ A& | NBLINBAS
approach i.e. existing adaptation assets are maintained up to the end of their pléifetede and then replaced
like-for-like.

Key to this step is to assess and scoreavieence of the magnitudef the risks i.e. how the components of

hazard, vulnerability and exposure interact to cause actual damages or the risk of damages across a range of
impact descriptorsOpportunities did not use this risk framing, rather they assessed the extent to which the
2L Nl dzyAte oAttt 0S NBIftAASR gAGK2dzi FdzNIHKSNI I RF LIG
identified). Impact descriptor evidence was matched t@ ah the fourmagntude scoregsee Box.3). Authors

were also asked to provideraeasure for the strength of the evidenaosed in the magnitude scoring i.e. a

measureof confidence based on the quality atelel of agreement of the evidence (see HoX.

The risks and opportunities are scored in the present day and in the future across the GWL climate framings (i.e.
F2N) WOSYGNIEQ YR WKAIKQ D2[a Ay GKS wnonda YR Hnap
scores being taken forwaidto the urgency framework (section 1.3.4).

For the opportunities formally scored in CCRA4AR (N9, E8), the magnitude of 'foregone opportunities' was
assessed (Table 1.2). Authors assessed whether opportunities will be fully realised without further Government
action, and if not, what size (madmile) of benefitcould be realised through improved Government policy or
enabling environment (the opportunities that we would presently forgo). Both risks and opportunities were
scored using the urgency matrix (Figure 1.2, see section 1.3.4). In thefaggeortunities, however, the higher

the magnitude of foregone opportunities, the higher the urgency for further Government action. Opportunities
with lower potential benefits, or those where current Government policy and enabling environment was seen as
sufficient to fully realise the opportunity, were given lower magnitude scores and thus lower urgency for further
Government action.
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Box 1.3 Magnitude scoring

The magnitude scoring aligns with the method used in GERAR. However, an additional very high
magnitude score was egeveloped with the CCC for use in CCR¥HR. Authors scored the risks and
opportunities from low to very high using a varietyguiantitative and qualitative monetary and nen
monetary indicators across several impact descrip(@eblesl.2 and1.3). These are based on expected
annual damage (for risks) and foregone opportunities (for opportunities).

For quantitative evidence of magnitude, the thresholds for indicators generally increase by an order of
magnitude between scores. To ensure comparability with previous assessments and internal consisten
thresholds were benchmarked with existing CCIRRBR thresholds (lovaigh) and additionally within/across
each of the three quantitative magnitude descriptors (economics, health, natural environment).
Benchmarking was also carried out through assigning monetary values tmooetary indicators. For
exanple, one for the natural environment is area of land lost. The value of the very high threshold asso
with this indicator (>100,000 hectares of land lost) was monetised, to check comparability with the very
threshold in the economics categoryf>ne billion economic damage). Natispecific indicator thresholds
were also developed for the new very high magnitude score using economic data (e.g., gross value ad
population and land area to account for the relative difference between the natidrthe UK (Table 1.3). Ag
in CCRA®RA TR, this is intended to illustrate the relative magnitude of impacts rather than precise loss fq
each descriptor and assumes that climate impacts scale to these factors.

CCRA4ATRR new Economy chapter contains added risks which represent larger scale macro or syster
threats. The compounding nature of risk and scale of impacts in the rrecpaomy(across multiple sectors)
easily passes the threshold for the very high magnitude indicator across all time scales. For a more reg
risk assessment that aligns with national/global economic scaleswanacreeconomic scale indicator was
developed(Tablel.2). At present, this is onlysedfor risks in the Economy chaptéisks E1, E5 and E6)
Note: these values align with values used in the European Environment Ap&ncyd dzNR2 LISy  / f
Assessment§UCRANEEA 2029).

For the qualitative evidence of risk magnitydaithors were asked to present key sources of evidence {pe
reviewed literature, greyiterature, observations, case studies, local knowledge, stakeholder engagemer
that suggest the possibility of impacts of the magnitude suggested by the qualitktheziptors (Tablé.2).
Wherever possible, quantified evidence was sought.

Tablel.2 CCRA4 magnitude scoring table for England

Impact descriptor Very High Magnitude High Magnitude Medium Magnitude Low Magnitude

Qualitative descriptor

(T GRS dl_s_ruptlon or Critical Major Moderate Minor

foregone opportunities

Damage and frequency Very largeandfrequent| Large and frequent Substantial Limited and rare

Extent and pervasiveness Very high Large and high Moderate Not significant

System functionality Irreversible loss Longterm disturbance| Moderate disturbance Not significant

Economic

IAnnual damages (economic) 9 .. , ... £ hundreds of millions ¢ £ tens of millions or |Less than £10 million
o £ billions or 0.05% GO

foregone opportunities 0.005%0.05% GDP | 0.001%0.005% GDP <0.001% GDP

CCRAJA Technical Reporitiethods 52



Macroeconomic
IAnnual damages (economic)

£ tens of billions or 1Y

£ billions or 0.25%.%

£ hundreds of millions

Less than £100 million

water bodies affected

Impact to valued habitat or
landscape types (e.g.
Biodiversity Action Plan habita
and Sites of Special Scientific
Interest)

Critical (~20% or more
national level)

Major (~10% or more g
national level)

Intermediate (~5% or
more at national level

foregone opportunitiegRisks E GDP GDP 0.059%0.25% GDP <0.05% GDP
E5, E6)

Health impacts

Deaths (annual) Thousands Hundreds Tens A few
Major health impacts (annual) | Tens of thousands Thousands Hundreds Tens
People EHTSBRLITIRET hEElin Millions Hundreds of thousand| Tens of thousands Thousands
impacts (annual)

Natural Environment impacts

Hectares land lost aseverely Hundreds of thousand, Tens of thousands Thousands Hundreds
damaged

km of river water or krfiof Tens of thousands Thousands Hundreds Tens

Minor (~1% or more a
national level)

Culture/Heritage
Extent of loss or irreversible

damage to nationally iconic
heritage assets (e.g.
Stonehenge, Giants' Causewa

Critical

Major

Medium

Low

Tablel.3 CCRA4 adjustment factors for magnitude in the devolved administrations (ATA = as table above)

England Northern Ireland Scotland WWEES

Macroeconomic | ATA % GDP for each magnitude score used at nation level. Absolute monetary values for each
category are reduced by one order of magnitude (i.e. high magnitude will be £ tens of milliol
rather than £ hundreds of millions).

Economic ATA Indicators inthe table above adjusted for gross value added. To give relative importance, val
in table are reduced by one order of magnitude and applied equally to Northern
Ireland/Scotland/Wales. Damage of foregone opportunitiéery High£ hundreds of millions
High:£ tens of millionsMedium: £ millions Low:<£ one million.

Healthimpacts ATA Indicators in table above adjusted for population, factoring down levels in table by one ordel
magnitude, and applied equally to all DAs. Very High: Hundreds of deaths, thousands of me
health impacts, tens of thousands of people affected / minor tremhpacts High: Tens of
deaths, hundreds of major health impacts, tens of thousands of people affected / minor hea
impacts Medium: A few deaths, tens of major health impacts, thousands of people affected .
minor health impactsLow: No deaths, a femajor health impacts, hundreds of people affectec
minor health impacts, and/or impacts,

Natural ATA Indicators in table above adjusted fg Given high land | Indicators in table above adjusted fo

Environment land area, factoring down levels in | area of Scotland land area, factoring down levels in

impacts table by 1 order of magnitude. Very | (approx. one table by 1 order of magnitude. Very
high: Tens of thousands of hectares| third of UK) High: Tens of thousands of hectares
of land lost or severely damaged, values in table | land lost or severely damaged,
and/or thousands of km of river above are and/or thousands of km of river
water/km? of water bodies affected; | used. water/km?2 of water bodies affected;
High: Thousands of hectares land lo High: Thousands of hectares land Io
or severely damagedied: Hundreds or severely damageded: Hundreds
of hectares of land lost or severely of hectares of land lost or severely
damaged; Low: Tens of hectares of damaged; Low: Tens of hectares of
land lost or severely damaged. land lost or severely damaged.

Culture/Heritage | ATA ATA
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Box 1.4 Confidencescoring

evidence used in the assessment. In summary:

conclusion.
1 Low confidenceThe evidence is limited or conflicting, leading to weaker consensus.

1.4). For example, evidence from multiple sources that have been peer reviewed wouldsddigh or

evidence gap.

Tablel.46 Confidence descriptors used to score CARAR evidence, taken and adapted from CERAR.

CCRA4ATR assessconfidence in the evidence for the magnitude of risks and opportunifAe®mbination
of the quality of evidencandthe level of agreement between studiesusedo score the strength of the

1 High confidenceThe evidence is of high quality and there is strong consensus among experts.
1 Medium confidenceEvidence is more limited or uncertain, but there is still general agreement of

Authors assessed the quality and agreement of evidence using qualitative descriptotdiffoto Low (Table

where there is limited/no evidencelaw score is assigned. Where evidence for a specific period or natio
not exist, authors were allowed to compose justifications for transposing evidence across geographical
temporal scales (where appropriate to do so i.e. the hazard occurs acrasaskggvhile acknowledging the

High

9 Multiple sources of evidence; unified conclusions (agreement of evidence);

1 Evidence has been peer reviewed in the case of academic literature and/or has been subjg
internal review in the case of grey/industry literature;
Based on robust techniquegpropriate to the field;
Data used are of a high qualéynd appropriate to for the aims of the studies;
1'a4S 2F NBftSOlIyld AYyRAISy2dza FyR f20Ff {y2
Remains relevantfor instance where evidence published before 2021 is used, ensure that
assumptions and ensuing results are still valid and applicable;
1 9OARSYOS 2F OFtARFGA2Y dzaAy3d RAFFSNBYy(OH R
1 High quality evidence from other countries and description of how the risk framing is relate]
(e.g., hazard, exposure, vulnerabilities).

\Medium
T 1 O2YOAVE A
2 A

jdz- t AGé SO

= =4 =4 =

RSa ONA LI 2N

f

Yy 2F KAIK FyR 26

2
RSy O0SQu @

1 Limited or no evidence (e.g., based on only one dataset);

1 Evidence has not been pesviewed in the case of acadenm&search;

9 .1aSR 2y ¢Sl YSiK2R2t23ASa 6So3dx I ySOR

1 Poor quality data which may not be appropriate;

1 Evidence in the existing literature base is no longer relevant (e.g., contains assumptions W
no longer valid);

1 No use of relevant indigenowasd local knowledge (where relevant).
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1.3.3 Assessment of current and planned Government and AF@overnmental
adaptation

l dzi K2NBR oSNB a1SR G2 lFraaSaa oKSGIKSNI GKSNB gl a SgaA
to evaluating policy effectiveness set out in its Adaptation Monitoring Framework. Where current and

announced policies and plans were in place, duthors were asked to take those plans into account and assess
the level of residual risk for each period under the different climate scenarios. ABRA&Idoes not assess the

LR GSYGdALFE F2NJ WySg 2NJ I RRAGA 2y | dreadylinfldcd dil antiodnged) toLJ2 £ A O
NBRdzZOS NR&A1Z Yy2NI R2Sa Al YI1S NBO2YYSYRIFGA2ya F2NJ
WellAdapted UK Report. Despite action taking place across all sectors, evidence of the effectiveness of planned
adaptation is often insufficient to demonstrate a reduction in residual risk and a reduction in magnitude scores.
The authors used the same thresholds as in Step 1. This means that if an adaptation policy will reduce deaths
from 300 to 150, magnitude renas high. If an adaptation policy reduces deaths from 300 to 50, magnitude
reduces to medium. The authors also assessed the confidence in evidence around residual risk. They therefore
produce a full set of magnitude and confidence scores for each perio®dnd Y+ G S A0Syl NA2 F2N
FRIFLIGFGA2YE &aO0OSYylFNARZ2O®

Residual risk is important, as this is projected future damages caused by climate change that the Government
will need to adapt to. For opportunities, the authors were asked to consider whether the plans would fully
realise the potential opportunity.

1.3.4 Assessment of overall urgency score

In the final step, authorproduced an urgency score for each risk and opportunity. CORAR adopts a similar
algorithmic approach to scoring urgency as EUCRA (EEA, 2024), which uses a matrix to give a transparent
approach to scoring of urgency. The CCRAIR assessment of urgy combines the magnitude of residual risk
or opportunity (for which the authors considered the impact of current, planned and announced adaptation
policy) and the confidence in the evidence supporting timsorder of priority, urgency scores are rankeam
highest to lowest(ritical action needed(xitical investigationMore action neededkurther investigation,
Watching brief ustain current action.

As CCRAKA TR prioritises the consideration of ngarm climate risk, with the goal of promoting adaptation
FOliA2yZ (GKS dzNBSyOé YI G§NRAE 6 CA 3Jded Spediieally, rikks @ith ey Sy W
high magnitude and medium/high néidence in the evidence in the present day, 2030s and 2050s are given

W/ NRGAOLKE OGA2Y ySSRSRQIX ¢gKSNBlFa NAR&la Ay (GKS wny
that were formally scored (N9, E8) used the same matrix (see section.1.3.2)

Confidence Present day \20305(central) 2050s(central) 2080s (central)
S Lanc Bl Critical action needed Critical action needed Critical action needed More action needed
Low Critical investigation \Critical investigation | Criticalinvestigation™ (g I\ isElile]g]

Very high

High [o]Yinl=0 I MiOreactionsneeded \More action needed More action needed More action needed
Low Critical investigation ‘Critical investigation Critical investigation

Medium ITeaVi 1=t I MiOreractionsneeded \More action needed More action needed Sustain current actio|

Low High/med [SLLSEIRREEEET action\Sustain current action Sustain current action Sustain current actio

Low Further Investigation |Further Investigation (Wl allalefeli(=)i Watching brief

CCRAJA Technical Reporitiethods 55



Figurel.2Urgency scoring matrix

C2NJ SIOK ylLiA2ys GKS W2@SNIffQ dzNHSyoOe a02NB F2NI S
the time periods using the order of urgency given in Table 1.5. Additionally, the highest urgency score from
nations across the UK for eachkrsnd opportunity was identified to provide the summary statistics presented
in the Executive Summary. These should not be taken as MRS Z  WIF @SNIF 3SQ 2 NJ W2 PISNI f

The desire to better capture very high magnitude scores in this assessment (see Box 1.3) has meant that two
new urgency categories have needed to be introduced above More action needed (the highest score HACCRAS
TR) in the CCRA-TR urgency scoringdrarchy;#?/ NAGA Ol t | OdA2y YySSRSRQ | yR W
the present day, 2030s and 2050s). Where confidence in the evidence is medium or high, a very high magnitude
score will trigger the highest category; Critical action needée: useof a Critical investigation category, sitting
between Critical action needed and More action needed and applied for risks assessed to have high or very high
magnitude but with low confidence, ensures the assessment is better aligned with the precautionary
principleand meanghat risks with strong potentigbr very highmagnitudeare not overlooked due to a lack of
evidence. It should be noted that overwhelming majority of the risks in the Critical investigation category (12/16)
also require (at minimumaction under the More action needed category in the present day or 2030s where we
have greater certainty on the size of the impact. Additionally, the existence of new critical categories in the
urgency framework does not result in a downgrade in the urgesfche More action needed category from

CCRAS. These risks should be taken as seriously as in the previous assessment.
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Tablel.5 Descriptions of thergency scorge.

Urgency score

Critical action
needed

Description

A combination of very high magnitude risks/foregone opportunities and a strong
evidence baseThiscalls for critical new, stronger or different Government action,
whether policies, implementation activities, capacity building or enabling environm
for adaptationg over and above those already planned.

Critical
investigation

Acombination of very higlhigh magnitude risks/foregone opportunities and a poor
evidence basérom the present day until the 20503 hiscalls for Government to

prioritise action to fill significant evidence gaps or reduce the uncertainty in the cur
level of understanding in order to assess the need for additional action.

More action
needed

A combination okery high/high magnitude risks/foregone opportunities in the 2080
or high/medium magnitude risks/foregone opportuniti&é®m present day to the
2050s,and high/medium confidence in the evidence baJ#iscalls for new, stronger
or different Government action, whether policies, implementation activities, capaci
building or enabling environment for adaptatigrover and above those already
planned.

Further
investigation

A combination of very high/high magnitude risks/foregone opportunities in the 208
or medium/low magnitude risks/foregone opportunities from the present day till thg
2050s, and low confidence in the evidence base. On the basis of available informd
it is not known if more action is needed or not. More evidence is required to fill
significant gaps or reduce the uncertainty in the current level of understanding to
assess the need for additional action.

Watching brief

A combination of low magnitude risks/foregone opportunities and low confidence i
the evidence base. The evidence in these areas should be kept under review, with
continuous monitoring of risk levels and adaptation activity (or the potential for
opportunities and adaptation) so that further action can be taken if necessary.

Sustain current
action

A combination of medium/low magnitude risks/foregone opportunities and a
high/medium confidence in the evidence base. Current or planned levels of activity
appropriate, but continued implementation of these policies or plans is needed to
ensure that tle risk or opportunity continues to be managed in the future.

CCRAJA Technical Reporitiethods 57



MM RRAUGUAZEYRERNXYI GOA2Y

Authors were asked to provide information on several additional elements. Although these do not form part of
the scoring framework, they are important for context.

Authors were asked to consider evidence where vulnerable groups are disproportionately affected (although
this was treated neutrally in terms of the magnitude scoring). For example, which demographic groups are
disproportionately impacted by a climate risfocusing particularly on those with Public Sector Equality Duty
(PSED) characteristics, in recognition that risks are not uniform at the national scale and will affect different
groups differently. This added additional context to the discussion ofitivers of risk in the chapters.

Authors were also asked to report on evidence where risks/opportunities interact with other risks/opportunities

in the CCRAYATR assessment. This was achieved through a narrative description of the interactions, as well as
diagrammaticallySpecifically, authors were asked to describe interactions for each risk/opportunity. These
O2dzf R 0SS WdzZLJAGNBIYQ AYGSNI OlAz2ya O06KSNB | y2iKSNI NA
(e.g., coastal erosion can contribute to community flois&)) or devnstream (where the risk/opportunities in
guestion influences another CCRBMTR risk/opportunity (e.g., where increased precipitation can increase risks

to building fabrics and indoor environmental quality, affecting health and wellbeing)). All chaptierde

written summaries of interactions between intidapter, upstream and downstream risks. These considerations
provide important policy context but are not assessed and included in the urgency framework explicitly.
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EEA, 2024: European Climate Risk Assessment. Available at:
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Met Office, 2024: UKCP Factsheet: Global Warming Level information in UKCP. Available at:
https://www.metoffice.gov.uk/binaries/content/assets/metofficegovuk/pdf/research/ukcp/ukigrtsheet--
globalwarminglevels.pdf(Accessed: 1 August 2025)
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The global climate is rapidly changing. Human activities have increased the concentrations of greenhouse gases in the
atmosphere to levels not experienced for over a million years, trapping more heat within the atmosphere and oceans.
Globally, temperaturesprecipitation and extreme weather phenomena such as heatwaves and downpours are rising
and breaking historic records by bigger margins. The rate of glob#elaise has increased, with significant

contributions from melting glaciers and ice sheetswell as from the thermal expansion of warmer sea water. In the
2024 calendar year, global mean surface temperature (GMST) exceeded 1.5 °C abodagtrial temperatures for

the first time since observational records have existed.

National temperature records around the world are now frequently broken, in some cases by several degrees Celsius.
The heatwave in July 2022 broke the UK temperature record, set only in 2019, by 1.6 °C; the heat exceeded 40 °C anc
contributed to approximagly 2,200 excess deaths from 10 to 25 July. A warmer atmosphere can also hold more
moisture, enabling larger precipitation and hydrological extremes. In 2015, Storm Desmond broke 48hr UK rainfall
records and caused record breaking floods over a broad saatiNorthern England. The Environment Agency

estimates the winter floods in 2015 caused £2.3 billion in economic damagé@slood and Coastal Erosion Risk
Management Research and Development Programme, 2022023, the storm series Babet, Ciaran, and Debi

caused insured losses of about £570 million in thA§ociation of British Insurers, 202B) 2023 the sea level was

the highest on record at the Newlyn tide gauge, one of the longest available sea level records in the UK, recording
data since 1915. This continues the lgegm increase in sea level around the coast of the UK. Further ingéase
temperature, changes in rainfall and increases in sea level are projected to occur over the coming decades. Some
future changes are already lockéd and the magnitude of these changes is dependent on greenhouse gas emissions.

Observed changes in the UK climate

The UK has become warmer, wetter, and sunnier. It is warming at a rate of approximately 0.25 °C per decade. This is
sufficient to push the UK climate outside the range of historical observations and greatly increase the frequency and
intensity of impactfulwveather and climate hazards. Recent warming has far exceeded any temperature observed in
data sets spanning more than 300 years. Rainfall has increased over the winter half year. For example, the period
October to March 2022024 was the wettest such ped for England, and second wettest for the UK, in a series from
1836(Kendon, M., et al 2025)

Changes in UK temperatud®minated hazards
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years (2022, 2023, 2024, 2025) are all in the top five warmest years.

1 Extreme high temperatures are occurring more frequently across the UK. The temperature of the hottest
summer day is increasing at more than double the rate for mean temperature.

9 Without climate change, the record breaking 40 °C heat in 2022 would have been extremely unlikely. The
likelihood of such events is already six times higher than in the 1980s, and there is a 50% chance of UK
temperatures exceeding 40 °C again within thetri2 years.

1 Hotter, drier weather that can fuel wildfires is becoming more common, but it is unclear if wildfires are

happening more often due to climate change.

Extreme cold events are occurring less often and for shorter time periods.

Attribution studies indicate that humamduced climate change has increased the likelihood of extreme high

temperatures and reduced the likelihood of extreme low temperatures.

1 Nearcoastal UK ocean temperatures are steadily rising. In the decade from2Z2245they were 0.9 °C
warmer than in 19641990. In June 2023, an intensev2ek heatwave caused ocean temperatures 6€5
warmer than averagesontributingto a recordbreaking warm June for the UK.

1 The urban heat island effect in major towns and cities increases the severity of hot weather and reduces the
severity of cold weather, especially at night.

= =4
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Changes in watedominated hazards

1
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winter halfyear (October to March) was 16% wetter, with little change for the summesykealf (April to
September). Since 2000, five of the top 1€t@st years, but none of the 10 driest, have occurred, in a

dataset collected since 1836.

The likelihood of wet winters has increased by at least 1.5 times, with winter daily precipitation extremes

now 1.4 to 2.6 times more likely.

The influence of humainduced climate change was detected in the record wet February 2020, extreme daily
rainfall in October 2020, and in heavy rainfall leading to the record wet winter of 2023/24.

Widespread snow events are less frequent and less severe than inl D961

Some parts of the UK are experiencing lower water levels in rivers and reservoirs, and drier soils in summer
since the 1960s, but the relative contributions from climate change, natural variability, and water
management are uncertain.

Sea level rise around the UK is accelerating. Tidal gauge records show a rise of 19.5 cm since 1900, with two
thirds of this occurring in the last 30 years. Since 1993 the rate of UK sea level rise has tripled toM.@n Y'Y
per year, compared to the lonagrm average since 1900. This is much faster than any rise in the past 3,000
years.

Changes in windominated hazards
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There is no clear loagerm pattern in UK severe storms, with decadal and year to year variability. The 1990s
were especially stormy, with fewer damaging storms since 2000.

Fewer maximum gust speeds have exceeded 40 knots in the last two decades compared to the 1980s and
1990s. This has not been attributed to specific drivers but is likelglate, at least in part, to lonterm

natural variability in storminess.

Sequences of several mditazard storms, producing extreme wind and heavy rainfall, have become more
common.

Sustained absences of wind from summer-Hot highpressure periods have become more common.
Sealevel rise, combined with multiazard storm sequences, is increasing the frequency of extreme coastal
flooding and intensifying coastal erosion.

Future changes in the UK

Unprecedented extreme events will continue to occur with increasing frequency and severity over the coming
decades. The severity of climate risks we will experience depends on levels of global greenhouse gas emissions.
Current global policies are estimatearesult in a 66% chance of limiting warming to below 2.8 AGted Nations
Environment Programme, 202BJt pathways to limiting warming to well below 2 °C are still plausible if climate
action is increased around the world. Segel rise will continue well beyond the 21st century in all plausible
scenarios, but lower emission scenarios slow this ratésef r

In the UK in the future there is a greater chance of hotter, drier summers and wetter, warmer winters, with rising sea
levels and increases in some extremes such as heatwaves, summer droughts, intense rainfall events.

The future of temperaturelominated hazards

1

1

As greenhouse gas concentrations increase, the UK will experience more frequent hot summers and more
extreme high temperatures, with more severe heatwaves reaching higher temperatures and lasting longer.
Hot days that exceed 3TCare expected to increase in frequency from 1.3 days now to over 20 days per year
for the 2070s high scenario at a Global Warming Level (GWL, as described inZ2ctjoof 3.5 °C, with the
greatest increases across south and east England.
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1 Wildfire is an emerging risk for the UK. High fire weather days, which provide conditions conducive to wildfire
activity, double at a GWL of 2 °C andrease fivefold at a GWL of 4 °C relative to the 1B300 baseline.

Summer heat will likely extend to later in the year, with a longer wildfire season projected into late summer.
Cold winters and extreme low temperatures are expected to become less frequent and less intense, but cold
extremes will still be a hazard.

= =4

The future of watedominated hazards

1 Shortduration (%3 hours) extreme rainfall will become more intense and will likely cause increased flash
flooding.

1 Daily rainfall extremes are increasing, and this is projected to continue, with increasing risk of flooding. The
latest climate science indicates greater increases in peak river flows than previously thought.

1 Hot, dry summers are expected to occur more frequently, reducing river flows and worsening drought
impacts.

9 Centuries of sea level rise (SLR) are already committed due to past emissions. The specific rate and amount o
future SLR depend on greenhouse gas emissions. By 2100, global sea levels will likely rise. By th28
under a low emission (likely range, $9M) and 0.63L.02 m under a high emission (likely range, S&Bb
scenario, respectively.

The future of winddominated hazards

Extreme damag@roducing windstorms will continue to be driven by natural cycles.
Recent higkresolution climate modelling studies indicate that hurdaduced climate change is expected to
intensify both the jet stream, which drives UK storm systems, and futureswéace wind speeds.
1 There is increased potential for combined impacts from extreme winds and extreme rainfaliweBt) in

future windstorms, with a doubling of storms with both high wind and river flow risks at 3 °C GWL.
1 Severe convective storms are expected to increase in the warm season, with increases in lightning
occurrence. Hailstorms are expected to decrease in frequency but may produce more large hailstones. Little
is known about future changes to tornadoes or wgubts within thunderstorms.

= =4

In addition to the above, the likelihood of very severe-lof summer (heat, drought, fire, hail, tornado, wind,
subsidence) and wewindy winter (wind, flooding, landslide, storm surge) seasons containing multiple, linkee, high
intensity events (e.g., beatwave or storm) is expected to increase.

Tipping points of the global climate system and impact on the UK

Tipping points in the climate system are defined as critical thresholds beyond which the climate system reorganises,
often abruptly and/or irreversibly. Tipping points in the climate system may cause rapid changes in oceanic and
atmospheric circulation, iite sheets, the Amazon rainforest or boreal forests, and permafrost. Changes in climate
may also cause tipping points in regional climate or ecological systems, such as permafrost, mountain glaciers or
tropical corals.

9 Our current understanding of the effect of triggering specific tipping points is very uncertain, but they may
pose major risks.

1 Reaching a tipping point may be significantly earlier, in some cases several decades or more, than
experiencing impacts from this tipping point transition.

1 Some tipping points could affect the UK directly, such as a shutdown or severe slowdown of ocean circulation
in the North Atlantic, which would cool the UK relative to the rest of the world. (Nevertheless, this is still
considered unlikely in the 2century, although some emerging literature suggests an earlier slowdown is
possible.
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91 As global warming continues, the probability of crossing tipping points increases, with some tipping points

already possible, but uncertainties in these estimates are very large. This implies an urgent need for improved

monitoring of tipping points and phaning of potential adaptative responses.
1 When tipping processes have started the changes can be rapid, they can change the regional trajectory of
climate change and can be irreversible on human timescales.

Scientific advances and knowledge gaps

This report outlines key scientific advances since the Third Climate Change Risk Assebmlependent

Assessment Technical Report (CGRABR) and identifies remaining gaps in our understanding of future climate
change. Observational data and modebjections now provide robust evidence that the UK climate has already
shifted, with some further change inevitable. Increasingly frequent and severe extreme weather events, both globally
and within the UK, pose escalating risks to economic, social anoigieall stability Many knowledge gaps do remain,
including around the precise amounts by which the climate will change in the future, and especially the conditions
that could trigger tipping points.

Visual summary:

The following table and maps provide a set of summary statistics to illustrate UK climate projectic@ai®4C

GWLs. These values, drawn from biasrected UKCP climate modelsepresent plausible scenarios that could occur

at the indicated GWLs, and are compared to the equivalent observed extremes for the peric8@BDEom the

Met Office HadUKrid dataset(Hollis et al 2019) The metrics are calculated for each of the 20 years within the
respective GWL and the value for the highest 10% of the region encompassing each of the cities provided (meaning

these values should not be directly compared to point observation measuretmebts ¢ KS W! gSNF 3S &S|
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be expected to be reached or exceeded in 5% of all years. These values are included to illustrateeha na

changing climate hazards for the UK. They have been produced specifically for this chapter. These values are
consistent with the wider body of evidence presented in this chapter, but the values do not synthesise the wider
literature and are not irended to be used in isolation for adaptation or policy decisions, as they do not account for
the full range of potential outcomes. For more comprehensive climate projections, including a full assessment of the
associated uncertainties in future climate clyg, readers are directed to the range of products provided through the
UK Climate Projections (UKCP).

¢CKS YI LA 0Sft2¢ akKz2g (KS YR PaZeBna comparedtd theécénSclinamts (P@S Sy
2024) and for the 2C and £#C GWL scenarios.

1 The underpinning data for the metrics are the b@srected convection permitting UKCP18 Locairi@nber ensemble, regridded to 5km.
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Table2.1: Summary of selected climate hazard metrics for recent past along with estimate2i@dand £CGlobal Warming Level

scenarios. Where calculations result in a fractional number of days, these have been rounded to the nearest numbeoio¥\iagy. F

days there is not a comparable metric available from the Ha@U#& observational dataset, so the Ietise values are from the°’C GWL
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high value

Region Observed*| Model Model
Metric
1.0°C/
GWL: Frequency 2.0°C 4.0°C
20052024
Number of days per year exceeding®80
Average Year 4 9 32
London
Extreme Year 13 30 62
Hot Summer Days Average Year 0 0 1
Belfast
Extreme Year 0 2 12
: Average Year 0 0 2
Edinburgh
Extreme Year 1 3 14
Average Year 0 4 18
Cardiff g
Extreme Year 6 18 45
Number ofdays per year with a minimum temperatuteelow0 °C.
Average Year 46 29 13
London
Extreme Year 75 57 32
Frost Days Average Year 48 34 13
Belfast
Extreme Year 77 58 33
Average Year 82 63 34
Edinburgh J
Extreme Year 108 91 61
: Average Year 45 29 14
Cardiff
Extreme Year 71 55 32
Maximum daily temperature in Summer (June, July, August).
Average Year 32.9 34.3 38
London
Maximum SummerT,. (°Q Extreme Year 37.3 38.9 42.7
Average Year 26 27.8 30.4
Belfast
Extreme Year 28.9 31.2 35.2
Average Year 26.9 28.3 31.3
Edinburgh g
Extreme Year 30.7 31.2 35.6
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Average Year 29.6 324 36.3

Cardiff
Extreme Year 34 37 42 .4

Summer Total Rainfallmm)

Total rainfall accumulation (mnif JuneJulyand August to the nearest

mm.
Average Year 182 139 93

London
Extreme Year 102 74 40
Average Year 278 235 184

Belfast
Extreme Year 185 142 94
Average Year 259 214 186

Edinburgh verag

Extreme Year 161 123 80
: Average Year 295 212 142

Cardiff
Extreme Year 191 100 58

Winter wet spells(mm)

Maximum 5day precipitation accumulation (mm) in December, Janua
and February to the nearest mm.

Average Year 44 49 52
London
Extreme Year 65 74 85
Average Year 54 60 60
Belfast
Extreme Year 87 93 94
. Average Year 68 61 67
Edinburgh g
Extreme Year 86 101 109
Average Year 79 91 101
Cardiff g
Extreme Year 116 136 151

Winter windy Days

Number of days in Decembdanuaryand February, where winds exceg
the 98 percentile of the baseline (CGWL).

Average Year 3 3 3
London
Extreme Year 8 8 9
Average Year 3 3 3
Belfast
Extreme Year 7 7 8
Average Year 3 3 4
Edinburgh J
Extreme Year 8 8 9
: Average Year 3 3 3
Cardiff
Extreme Year 8 8 9

Average
Extreme

50% of model/observation years reach or exceed this quantity.

5% of model/observation years reach or exceed this quantity.
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Figure2.1: Maps showing current (206824) and future changes in hottest day of the summer and winter rainfall relative to a 1981
2000 baseline. Panels are provided for the CARARY! S NI 3 S
change is presented fCand rainfall changes are presented as a % of the baseline value.
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This chapter provides an overview of observed changes and model projections for several climate hazards for the
Technical Report of the Fourth Independent Assessment of UK Climate Change RisKACERABhe chapter
provides a review of relevant literate and key datasets, a summary of major scientific advances, and details of
remaining knowledge gaps.

Observational data form the foundation for examining past climate change; however, the short durations of many
records and their incomplete spatial coverage present notable challenges. Model simulations can enhance our
understanding of historical trends drvariability. Climate model projections further extend this insight by providing
information on how climate might change under a range of alternative global greenhouse gas emission scenarios.
They also allow exploration and quantification of uncertaindigsing from future emissions, model representations

of climate processes, and natural variability. Their results are often presented as time series for different future
emission scenarios. Figu2e2 shows global mean surface air temperature (GMST) anomalies relative to the 1995
2014 average (left axis), and to the 188800 baseline (right axis). The two axes are offset by W8&presenting

the multi-model mean and closely matching the observed best estimate.

(a) Global temperature change
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Figure2.2: Global mean surface air temperature (GMST) anomalies relative to the2038%average (left axis) and to the 185900
baseline (right axis) from the CMIP6 climate models for historical (black) and a range of future emission scenaridi(blas] yed).
The shaded areas represent the-8%846 range fothe low through highemissions scenari®&SP1.2,6 and SSP8. Vertical grey shading
highlight 20year segments centred on the 2030s, 2050s and 2090s. The two axes are offset’Byre@2senting the mukinodel

mean and closely matching the observed best estimate. The colours repd#ent Shared Socioeconomic Pathways (R&pyoduced
from Figure AR6 WG1 | Climate Change 2021: The Physical Sciencedals1017/9781009157896.006

Climate models are used to explore how changes in atmospheric greenhouse gas concentrations affect the climate
system. These computdrased tools represent our current understanding of climate processes and can reproduce
many of the patterns observed indtreal world. They are used to create climate projections; estimates of how the
climate might change in the future. While climate models provide a credible basis for understanding possible future
weather and climate conditions, their results are best ipteted alongside other sources of evidence, including

expert judgement and observations of past climate and extreme events. The latter is also provided by the suite of
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products in the latest UK national climate projections (UKCRI8)e et al 2018) This integrated approach is
important for understanding potential changes in specific atmospheric circulation patterns, where some evidence
suggests that models underestimate future changes, particularly for extreme events.

Df 20Ff OftAYIdS Y2RSt& 6D/ adav aAYdzZ 4GS GKS 6K2fS 9 NI
cell representing an area of around 60 km across. We can get more detail feeding global climate model results into
regional models. Thesamallerscale models focus on specific regions and work at much higher resolutions (typically

2-5 km), similar to the models used for national weather forecasts, and are included in UKCP18. Although climate
models are valuable tools that can simulate mé&stures of the current and past climate, they have limitations and

may not capture all aspects of future changes.

2.2.1 Climateframing

The climate framing adopted within the CCRA4TR considers changes to UK climate risks for specified levels of
global warming (GWLs), as described in the Methods chapter. Since the reviewed literature adopts several different
framings, where possible waterpret these in the context of the GWL framing for CGIA%R. Limitations of the

GW.L approach are summarised in the Methods chapter.

To quantify how climate has already changed, and how it might change in future, we compare it against a baseline or
reference climate. The published literature uses several baseline time periods. Where these are relevant to the
conclusions, this will be ated. The most common baselines are summarised below:

1 Global Warming Levels (GWLSs) typically use anghastrial baseline of 1850900, i.e., a 2 °C GWL is
equivalent to the global mean surface temperature (GMST) being 2 °C higher than the GMST in-the 1850
1900 reference period.

1 The World Meteorological Organization (WMO) defines the climatological standard normal as the most
recent 3Gyear period ending in a year that ends with zero. Currently, this period is2@20. The WMO
uses this baseline for routine climate monitoringddior international comparison, as it represents the
average climate of the recent past.

I The WMO also maintains a standard reference period of 498D for assessing losigrm climate change.
This baseline is particularly important for observational studies, as reliable records may not be available
before this time.

1 The UK Climate Projections (UKCP18) usesya&baseline of 1982000 as a common reference period.

2.2.2 Drivers of UK climate change

Climate change in the UK is ultimately driven by global emissions of greenhouse gases such as carbon dioxide,
methane and nitrous oxide. These are well mixed in the atmosphere and directly warm the global (and UK) climate.
Emissions of atmospheric aeroshisve a more regional effect, and different aerosols can offset some warming from
greenhouse gases or add to their warming effect. Processes in the climate system, known as feedbacks, can amplify o
reduce the warming. For example, a warmer atmosphere haidre water vapour, which leads to further warming as
water vapour is itself a greenhouse gas. Changes in clouds can warm or cool local temperatures depending on the
type of cloud, time of year, and other factors.

UK climate change is also strongly affected by changes in ocean and atmospheric circulation, especially in the Atlantic
In particular, the Atlantic jet stream drives UK weather variations: climate change will likely change its strength,
position and varibility. UK weather is also affected by other more distant phenomena, including weather in the

tropics, and processes linked to the El Nifio Southern Oscillation.
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Local feedback effects can also impact UK weather phenomena and are important in estimating climate risks. For
instance, together rainfall drought and enhanced evaporation of water from the land surface can lead to strong
localised warming, enhancing heawves, due to insufficient soil moisture for further evaporative cooling.

Climate models reproduce many processes that control UK climate risks. However, there is still uncertainty around
processes driving the jet stream, and some processes are simply not simulated or realistically represented within
models. The latter is espetly the case for coarse GCMs which cannot directly simulate local processes and
feedbacks.
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2.3.1 Temperaturedominated hazards
HPodPmPdPM | St 0

Headlines

Extreme high temperatures are increasing faster than average temperatures. Average daily maximu
temperature in the UK was 1.2 °C higher from 2Q024 than during 1961990, whereas the hottest day
of the year increased by 2.7 °C during the same perioig. fighlights a rapid increase in heat hazard fo
the UK in recent decadellighconfidencsg.

Hot summers and extreme high temperatures are expected to become more frequent and more inte
For instance, heatwavdrought eventswith a1% chancef occurring today are projected to becorfiee
times more frequent by the 20408l{ghconfidence.

UK extreme temperature risks are increasing more rapidly than previously thought as a result of the
effects of humarinduced climate change and changes to lasgale weather patterndHigh confidencg
Largescale weather patterns that produce UK heatwaves are influenced by changes to climate else
in the world. There is still uncertainty on how well these responses are represented in climate mode

y _Y

This section considers hazards relating to increases in UK annual mean temperature, summer mean temperature, hot

days, and heatwaves. The table below identifies the risks to which this hazard is particularly (but not exclusively)

relevant.

Risks affected

Health and Built Environment| Land, Natureand Infrastructure Economy
Wellbeing Food

H1, H3, H4, H5, H§ BE1 BESBE6BE7,| N1, N2, N3, N4, N5| 11, 12, 13, 14, 15, 1§ E1, E2, E3, E4, EG6, f

BES8, BE9 N6, N7, N8, N9, N1 17,18, 19, 110 ES8
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Table2.2: Summary of annual average hot summer days and maximum summer temperature for recent pa20@00tnd under GWL
central and high scenario. See also Tébhle These values argerived from observations and UKCP climate models. Thégcueded to
illustrate the nature of changing climate hazards for the UK. They have been produced specifically for this chapterluEseare va
consistent with the wider body of evidence presented in this chapter, but the values do not synthesiserthiéevatlre and are not
intended to be used in isolation for adaptation or policy decisions, as they do not account for the full range of patentizé®

Region Observed* | Model Model
Metric
1.0°C/
GWL: Frequency 2.0°C 4.0°C
20052024
Number of days per year exceeding®80
Average Year 4 9 32
London
Extreme Year 13 30 62
Average Year 0 0 1
Hot Summer Days Belfast
Extreme Year 0 2 12
: Average Year 0 0 2
Edinburgh
Extreme Year 1 3 14
: Average Year 0 4 18
Cardiff
Extreme Year 6 18 45
Maximum daily temperature in Summer (June, July, August).
Average Year 32.9 34.3 38
London
Extreme Year 37.3 38.9 42.7
. Average Year 26 27.8 30.4
Maximum SummerT.. (°Q Belfast
Extreme Year 28.9 31.2 35.2
Average Year 26.9 28.3 31.3
Edinburgh J
Extreme Year 30.7 31.2 35.6
Average Year 29.6 32.4 36.3
Cardiff J
Extreme Year 34 37 42.4
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Change in annual hot days relative to 1981-2000 - Extreme Year
Current Observations GWL2°C GWL4°C

'# 45

Change in annual hot nights relative to 1981-2000 - Extreme Year
Current Observations GWL2"C GWL 4
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Figure2.3: Maps showing current (20924) and future changes in hot summer days (daily maximum abdi@) 3hd hot summer nights
(daily minimum above 26C) relativetoa 1984 nnn ol 8St Ay Sod t I ySta | NB LINPPOARSR F2N OKI
regions. For a fuller description see Tableand associated text.

Introduction

In 2024 global mean surface temperature (GMST) exceeded 1.5 °C above tHEO0838aseline for the first time
(WMO, 2025) For the most recent decade (202824), GMST has been 1.24 °C above the 1880 baseline, with
humaninduced warming contributing to about 1.22 °C of this (range from 1.0 toEds}ter et al 2025)

The UK has warmed at a higher rate than the global average. Observed data in the Central England Temperature
series shows the most recent decade (22124) was 1.6 °C warmer than the 188800 baseline. Warming has
200dz2NNBR Ay |t anfddstyeay daEmess suinrier, dnid tremy i2dt evénts all made more likely
by climate changéCiavarella and McCarthy, 2024; Kay, G.,.e28P5; Logan et al., 2025)

Observational data indicates that both hot and cold extremes of temperature are changing more than average
temperatures. Hot days, hot spells and heatwaves are major climate hazards for the UK. This can have direct impacts
from the heat and can also haverapounding affects especially when heat is also associated with drought conditions.
Heat and drought can affect water resources for example through increased demand, reduced availability and impacts
on agriculture and the environment. Tale and Figur@.3 summarise the changing hazards of hot days and hot
summer nights. The frequency of hot days increases in all regions, rising from an average of four days in London in the
recent past to an average of over 30 days per year at 4.0 °C GWL. The incge@s8ig INBF G SN F2NJ | vy
and largest in south and east England. Hot summer nights, which are relatively rare in the current climate, also
increase, particularly in London, with increases across many regions of England and Wales.
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Observed change

UK weather and climate records continue to be broken. Four of the top ten hottest summers in a dataset from 1884
have occurred since 2015 (2025, 2018, 2022, and 2023). The average temperature associated with the record
breaking 2025 summer is now aroundtitdes more likely than in a prmdustrial climate and has a 20% chance of
being exceeded in the nedwnture (Logan et al., 2025An extreme summer (with a roughly 1% probability) in the
nearfuture could be as much as 1 °C warmer than summer 2089, G., et 312020)

The number, duration, and extent of UK hot days and heatwaves have increased in observational data. The average
daily maximum temperature was 1.2 °C higher from 22034 than during 1961990, whereas the hottest day of

the year (the highest daily maximut@mperature) has increased even faster, by 2.7Tt& frequency of very hot

(higher than 30 °C) and extremely hot (higher than 32 °C) days has more than {iciheibn et a] 2025)

Extreme high temperature records have been broken in many European countries in recent years. In the UK, the
probability of temperatures exceeding 40 °C in any year in the current climate is about 4%ald isigrease

compared to the 1980&Kay, G., et 312025) The likelihood of exceedance is increasing rapidly, and there is an
estimated 5650 chance of reoccurring 40 °C heat in the UK within the next 12 years.

Extremeheat - Summer 2022

{dzYYSN) HnuH 61L& GKS 1'YQa FAFAIK g NS dpiesea)dorrdny thay G KS
the summers of 2028.ogan et al, 20252018(McCarthy et a] 2019) 2006 and 2003. Notably, the summer of 1976

is now only the sixth warmest. The high ranking of summer 2022 was in part a consequence of two significant
heatwaves in midluly, and migAugust as shown in F&4. The hottest of these heatwaves was substantially stronger
than previously recorded heatwavé¥ule et al 2023)

In July 2022, high pressure across western Europe caused persistent hot and dry conditions, with UK temperatures
regularly exceeding 30 °C. By Alidy heatwave temperatures exceeded 40 °C in Spain, France, Germany and the UK,
exacerbated by dry heat drawrorth from Africa. On 18 and 19 July 2022, thevd#fe average daily maximum
temperature exceeded 30 °C. Overnight, temperatures remained high, setting a new UK record for highest overnight
minimum temperature of 26.8 °C in Oxfordshire. These high tentpers and drought caused widespread damage to
crops and water resources and extensive wildfires across E(fojpathy and Mishra, 2023 well as high excess
heatrelated deathgBallester et aJ 2023)

=z Met Off'l('.e Source: HadUK-Grid 27/03/2023 19:57 © Crown copyright
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Figure2.4: Time series of UK daily maximum temperature during summer 2022.
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recorded at Coningsby (Lincolnshire), but six more stations recorded temperatures exceeding 40 °C in a band from
London to NottinghamshiréKendon, M., 2022Moreover, 30 stations exceeded 39 °C, and some 46 stations broke

the previous national temperature record of 38.7 °C. New national temperature records were set in Wales (37.1 °C at
Hawarden Airport on 18July) and Scotland (34.8 °C at Charterhall dhJl8y). The England temperature record was
broken by 1.6 °C, while both Wales and Scotland broke their records by 1.9 °C. Mamynling temperature

stations in the UK network recorded their hottest day on record by extraordinary margins, includimgniu

(maximum temperature: 36.9 °C, exceeding the previous record by: +4.0 °C, iryeatGtataset), Sheffield (39.4 °C,

+3.8 °C, 138 years), Bradford (37.9 °C, +4.0 °C, 134 years).

The temperature during extreme heat events in the UK is rising faster than average temperatures, as shown in Figure
2.5. This may be partly due to changes in wind patterns, which some climate models do not fully (datueed et

al., 2023) UK heatwaves often occur when high pressure over Scandinavia and low pressure over the Atlantic bring
hot air from the south and are therefore coupled with heatwave events affecting continental Europe more widely.

Climate change is increasing the likelihood of extreme temperatures, such as during summer 2022. Heat extremes are
more severe than in the past for comparable laggale weather patterns, and heatwaves are projected to continue
to become more frequent anchore severe in the future.

== Met Oﬂ‘-lce Source: MIDAS 04/03/2025 13:47 © Crown copyright
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Figure2.5: Station observations, showi maximum temperature (in °C) for each year from 1910 to 2024. The UK national maximum
recorded temperature through time increases from 36.7 °C in 1911, 37.1 °C in 1990, 38.5 °C in 2003, 38.7 °C in 201@, an2022.3

Future change

Hot summers are expected to continue to become more frequent in the UK, with an increasing chance of hotter, drier
summers(Lowe et al 2018) Heatwavedrought events with a 1% chance of occurring in the current climate are
estimated to become five times more frequent by the 2040s in a high emissions sc@amion, E., et al2024)

which would be equivalent to a 2°& GWL
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In summer, greater increases in maximum temperatures are projected over the southern UK where the most extreme
high temperatures are generally experienced now. The frequency and intensity of heatwaves are also expected to
increase. For example, heatwavesgucing 40 °C temperatures in the UK could occur every few years by 2100 for a 4
°C GWI(Christidis et al, 2020)

The rising temperatures will increase heatated hazards. Tropical nights, where temperatures do not fall below 20

°C, are currently rare in the UK climate, but are expected to become more common. High temperatures overnight can
be a hazard to health, nking it hard to cool buildings, especially in urban areas. Climate models indicate multiple
occurrences annually in the London area under a 2 °C GWL and more widely across England at(HaGlGveL

al, 2021)

HbPo dPmDdPH CANB

Headlines

i The number of UK fire weather days has increased due to climate change, with hotter, drier conditig
exacerbating wildfire risks, but it is uncertain whether climate change is increasing wildfire incidence
the UK Medium confidencse.

i Climate models indicate a doubling of high fire weather days for a GWL of 2 °C, with a longer wildfir
season into the late summer. Higher temperatures and lower humidity are the key drivers of increas
wildfire risks Medium confidence)

i Wildfire is an emerging risk for the UK. So far, events have not produced widespread major impacts
from degraded air quality from peatland fires, but this may change. There is a large increase in wildf
hazard between GWLs of@ and £C Medium confidence)

i In addition to direct climate changes affecting fire weather days, fire risk depends on ignition risk, wi
relates to fuel availability. It is uncertain how climate change will change vegetation types and huma
activity relevant to wildfire risks.

This section considers hazards relating to wildfire in the UK. The table below identifies which risks this hazard is
particularly (but not exclusively) relevant to.

Risks affected

Health and Wellbeing Built Environment Land, Natureand Infrastructure | Economy
Food
H1, H2, H3H6 BE4B5, B6, B8 N1, N5, N6, N8 | 11,13,14,15,16| E2, E6,
18 E7,
Introduction

High risk fire weather occurs on days with high temperatures, low humidity, and strong winds, creating dry conditions
GKIFG LINPY2GS A3dyAGA2Yy YR FANB aALINBFIRAYy3Id Ly (GKS ! Y=
requires a decision,J | O A 2y T NB 3 (FikRAdyREscua Servica ildfite beatidnal guida2@Es)

Currently, UK fire frequency peaks in April with a secondary peak in summer. In spring, the ground is still largely
covered by dry plant matter from the previous growing season. If dry air and winds prevalil, this creates ideal
conditions for fires to sgad following accidental ignitions from springtime influxes of visitors to the countryside.

Later in the summer, new plant growth can dry out in warm weather, becoming more flamnizoleght can

exacerbate high fire risk by drying fuel further, as welhaseasing leafirop and creating additional dry, dead
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biomass. UNKvildfires primarily affect grasslands, broadleaved woodlands, and heathlands, especially near to the
rural-urban interface where human activity frequently ignites wildfires. Larger wildfires occur in moorlands and
peatlands, where fuel accumulation andwkr reporting of wildfires contribute to their spread.

Weather, vegetation, and land management shape UK wildfire risk. High fire risk weather quantifies the contribution
to the hazard from the meteorological conditions. Wildfire hazard is also affected by land management and human
activity (e.g., escaped fisg. Drought, heatwaves and fires represent compound hazards, where soil and vegetation
drying combine with extreme heat, resulting in larger and more intense fires (Seneviratne et al., 2021).

Observed change

The number of fire weather days in the UK has increased due to climate change, with hotter, drier conditions
exacerbating wildfire risk&Jnited Nations Environment Programme, 2028)2022 there was a significant increase in

fire activity, with 185,437 fire incidents in the UK, a 28% rise from the previous year. This increase is attributed to the
hot dry summer that yeafHome Office, 2023)Nhile longterm wildfire data is limited, recent trends suggest

important changes, shown in Figu2es. Since 2002, the total UK area burned by wildfires has generally declined, but
the number of fires has increased, and fire seasons are becoming longer. This shift points to more frequent but
smaller fires, with trends potentially influenced by land mgament changes as well as by climate change. However,
extreme fire events, with large impacts on people and property, are now occurring. The 2022 heatilvane
temperatures exceeded 40 °C, produced an unprecedented number of fires. Reseajeststigat climate change

made fires six times more likely in 20@urton et al., 2025)Iin 2025 the UK saw more than 46,000 ha of land burned,
0KS KAIKSald NBIF SOSNI NBO2NRSR O0Y22NI | yRIFIaa20AlFGA2Y
carbonrich moorlands and leading to recetdgh emissions (Carbon Brief, 20ZB)is evidence highlights the
growing risks from wildfire in a warming UK.
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Figure 2.6: AnualUKburned area fronthe Global Fire Emissions Databds#ps://www.globalfiredata.org/index.htm{GFED5top) and
GFEDS500 active fire counb®ftom) for 2002 onward. Whilethe total burned area has generally declined, the number of active fires has
increased, suggesting a shift toward more frequent but smaller fires.
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Case studyThe Saddleworth Moor Fires (2018)

In June 2018, the Saddleworth Moor fire in Greater Manchester became one of the UK's largest wildfires, burning for
several weeks. Triggered by human activity, the fire was worsened by a prolonged dry spell and extreme high
temperatures. The fire spreadpally, burning large areas of peat and heather, emitting an estimated 24,000 tonnes

of carbon(S. J. Bakeat al,, 2025) The fire was particularly difficult to control due to smouldering peat fires that

burned underground.

During the fire, PM2.5 levetsfine particulate matter that can harm human heatthwere four to fiveand-a-half

times higher than normal in the Greater Manchester area, significantly increasing the risk of respiratory problems and
excess mortality. Thedalth impact was considerable, with an estimated 4.5 million people exposed to levels of

PM2.5 higher than healtbased guidelines for at least one day and a rise in hospital admissions for respiratory issues
(UK Health Security Agency, 2023) ¢ KS FANB Ol dzZaSR YI 22 NJ T A YUK A&lthiSécurity2 & & §
Agency, 2023)including the cost of firefighting, damages to the environment, and disruption to local communities.

Future change

Climate projections suggest the UK is likely to experience warmer, wetter winters and hotter, drier summers,
increasing the risk of wildfirgdowe et al 2018; Perry et 312022; UK Health Security Agency, 203ying and

autumn are also expected to become warmer, potentially extending the fire season beyond its usual spring peak
(Belcher et al 2021) At a GWL of 2 °C, the number of days with "very high" fire danger could double, and increase
fivefold at a GWL of 4 {@erry et al 2022) Spring fire risk is also likely to rise, with a 1.5 times increase in England at
a GWL of 2 °C and a doubling at a GWL of(Réky et al 2022) This suggests a potential extension of the wildfire
season, particularly in late summer and early autumn, depending on fuel availability. Regions in the south and east
will experience the greatest increase in fire risks from increased conditions coadaamildfire, with the average
number of highfire-risk days rising-& times by the 20808Arnell, Freeman and Gazzard, 20Aije risks will also
increase in the north of the UK. Warmer summers may also increase the risk of human ignitions from increases in
outdoor recreational activitiegBelcher et a] 2021)

As housing developments near to wildfipeone areas increase, exposure to wildfires and potential ignitions may also
increasg(UK Health Security Agency, 2028w work fronHetzer et al(2024)shows that fire weather in Europe,
including the UK, will likely become more severe this century under high emissions scenarios, with projections
showing an increase of 25% in climate conditions conducive to wildfire in temperate regions by the endldtthe
century, relative to 199@016(SenandeRivera et al., 2022)
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Headlines

i Despite the warming climate, extreme cold events still occur due to climate variability. However,
decreases in the frequency, duration, and intensity of cold events over recent decades have been
attributed to humaninduced warming of the climatéd{ghconfidence)

1 Cold winters and extreme low temperatures are expected to continue to become less frequent and |
severe Highconfidence)

1 Improved climate model simulations of snowfall and lying snow indicate their continued decline undg
future warming Moderate confidence)

i There is still uncertainty in current climate model simulations of winter trends in North Atlantic
atmospheric circulation. This may affect projections of how events conducive to cold conditions in th
are influenced by climate change.

This section considers hazards relating to winter mean temperature, cold stgextremes, snow and ice.
The table below identifies which risks this hazard is particularly (but not exclusively) relevant to:

Risks affected

Health and Wellbein{  Built Environment Land, Natureand Infrastructure Economy
Food
H1,H2, H4, H6 BES, BEBES, BE9 N6, N8, N9, N10 |11, 12,13, 14,15, 1€ E1l, E3, E7
17,19

Table2.3: Number of frost days annually for current and future scenarios. As Z.dblEhese values are derived from observations and
UKCP climate models. They are included to illustrate the nature of changing climate hazards for the UK. They have lsekspeaftically

for this chapter. These values are consistent with the wider boelyidénce presented in this chapter, but the values do not synthesise the
wider literature andare not intended to be used in isolation for adaptation or policy decisionsepglo not account for the full range of
potential outcomes

Region Observed*| Model Model
Metric
1.0°C/
GWL: Frequency 2.0°C 4.0°C
20052024
Number ofdaysper year with a minimum temperatuteelow0 °C.
Average Year 46 29 13
London
Extreme Year 75 57 32
Average Year 48 34 13
Frost Days Belfast
Extreme Year 7 58 33
Average Year 82 63 34
Edinburgh J
Extreme Year 108 91 61
. Average Year 45 29 14
Cardiff
Extreme Year 71 55 32
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Change in annual frost days relative to 1981-2000 - Extreme Year
Current Observations GWL2°C GWL4°C

Figure2.7: Maps showing current (20e)24) and future changes in frost days relative to a 32800 baseline. Panels are provided for
GKS QO9EGNBYS | SI N T EdNa fullef desdrptidn gde ddlMBnd dsgbSiateBd. A 2 v & ©

Introduction

Globally, the frequency and intensity of cold extremes have decreased since 1950, with-imgimeed greenhouse
gas forcing the main drivéBeneviratne et gl 2021)

UK winter mean temperature has increased significantly: the Central England Temperature winter mean temperature
for the most recent decade (201429024) is 1.7 °C higher than the 185800 baseline. Cold spells in Europe and the UK
are caused by high pressusystems with winds from the north or east. The frequency of these weather patterns is
strongly influenced by the North Atlantic Oscillation (NAO), which varies frorrggaar and decad¢o-decade.

Cold days, cold spells and snowfall constitute a significant climate hazard for the UKR.J alole Figur@.7

summarise changes in frost days foiand £C GWL scenarios. Reductions are projected across the country, with

the largest reductions in northern and eastern regions, for example Edinburgh, which has an average of 82 frost days
in the current climate for a typical year, reducing to 63 and 34 dags@tand £C respectively

Observed change

In recent decades, UK winters have become warmer and wetter. The frequency of air frosts and ground frosts have
reduced annually by more than 14 and 30 days respectively, when compared to-499®baseline.

The number of Heating Degree Days (HDD), days where heating of buildings is required for comfortable indoor
temperatures, has reduced by 14% relative to the 23620 baseline. Conversely, Growing Degree Days, with
conditions suitable for plant growth, havncreased by 21%Kendon, M., et al 2025)

Extreme cold temperatures have reduced in both frequency and severity. The top ten coldest months, seasons, and
years recorded in UK regions predominantly occurred in the |afeah@ early 28 centuries. In contrast, the top ten
warmest months, seasons, and years are predominantly within the most recent decade.

Although widespread and substantial cold and snow events occurred in 2022, 2021, 2018, 2013, 2010 and 2009, their
frequency and severity have generally declined since the 1960s. The cold winter of 2009/2010 and the cold spring of
2013 were particularly eréme for the recent climate and consequently high impact events. Humduced climate

change has halved the likelihood of a 2010 wirf@hristidis and Stott, 2012)
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Hazards canccurring with cold weather includes strong winds, snowfall and blizzards, snow drifts, and icy surfaces.
SnowO2 GSNBER adzNFIF OSa NBTFESOG Y2NB adzyt A3KG FyR Ayadzl i
further reduce air tenperatures, particularly during extended cold spells normally associated with high pressure
systems.

The winter of 1963 is the only year, in a series from 1884, with a winter (December to February) mean temperature
below zero %0.27 °C). The exceptional cold affected much of mainland Europe, and resulted in huge negative impacts
on people, society and infrastructure, including transport disruption, power outages, and shortages of food and fuel.

If similar weather patterns to thextreme cold winter of 1963 were to occur today, it would still lead to an extreme

cold anomaly. This would be more severe th&rSy i O2f R gAY (G SNBE adzOK & Hamnx
event in 2018. Although a winter as severe as 1963 is still physically possible in Europe, it is verySiplietlgt al

2024) However, if preparedness and adaptation to cold extremes reduce in response to a warming climate this may
cause less severe future cold waves to be more impactful than past gfnte et al, 2024)

Future change

The UKCP18 regional climate models indicate that the number of frost days (daily minimum temperature t@€Jow O
icing days (daily maximum temperature below@) and Heating Degree Days are all projected to decrease across the
UK. The largest reductions are in Scotléidenlon et al 2021) Intense cold spells, where the local daily average
surface temperature is less th&2 °C for two or more days, are also expected to become less frequent, but will still
occur(Kendon, E., et al2021) Decreases in the amount of snowfall and snow cover are expected across the UK,
especially in mountainous regions; in kying areas snowfall is already more intermitt¢Met Office, 2025h)

2.3.2Water-dominated hazards
HPoWMUDYTFIEES FE22RAYI YR FdzNI KSNJ F

Headlines

i The UK climate is getting wetter, particularly in wintdighconfidence. There is evidence of increasing
rainfall extremes at daily scales, but for shdctration (:3hr) rainfall extremes, trends are difficult to
detect above natural variabilityMedium confidence)

i Rainfall is expected to become more intense which could lead to an increase in severe flooding (hig
confidence). Increases in mean winter rainfall will also drive increases in antecedent moisture,
exacerbating flood riskMedium confidencs.

i There is improved understanding of the drivers of extreme rainfall, and how changes will emerge ov
coming years and decades. The latest projections indicate greater increases in peak riveviédius(
confidence)

1 Observations of subaily rainfall remain sparse, and observations of surface water flooding are poor.

Standard flood risk assessment approaches based on simple uplift approaches may underestimate
flood hazard. Uncertainty remains on the role of obas in largescale circulation patterns in future
extreme rainfall change, and how accurately these are represented in climate models.
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This section looks at how extreme rainfall in the UK affects flooding. It covers both short bursts of heavy rain that
cause surface flooding and longer events that lead to river flooding. The table below identifies which risks this hazard
is particularly hut not exclusively) relevant to.

Risks affected

Health and Built Environment | Land, Natureand Infrastructure Economy

Wellbeing Food

H2 H4, H6 BE2 BE4, BE6, BE| N1, N2N4,N6, N8 | I1,12,13,14,15,1§ E1, E2, E3, E4, E7|
BES8 19

Table2.4: Maximum 5day precipitation in winter for current and future scenarios. See Pabl€hese values aerived from observations

and UKCP climate models. They im@uded to illustrate the nature of changing climate hazards for the UK. They have been produced
specifically for this chapter. These values are consistent with the wider body of evidence presented in this chapteralbesttie not
synthesise the wit literature,andare not intended to be used in isolation for adaptation oiqyaflecisions, as they do not account for the

full range of potential outcomes

Region Observed*| Model Model
Metric
1.0°C/
GWL: Frequency 2.0°C 4.0°C
20052024
Maximum 5day precipitation accumulation (mm) in December, Janua
and February to the nearest mm.
Average Year 44 49 52
London
Extreme Year 65 74 85
: Average Year 54 60 60
Winter wet spells(mm) Belfast
Extreme Year 87 93 94
Average Year 68 61 67
Edinburgh J
Extreme Year 86 101 109
: Average Year 79 91 101
Cardiff
Extreme Year 116 136 151

Change in winter wet spell (%) relative to 1981-2000 - Average Year
GWL2"C GWL4"C

Current Observations
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Figure2.8: Maps showing current (20e024) and future changes in winter wet spells relative to a 23810 baseline. Panels are
provided forthe CCRAATR Y WO EUGNBYS | SFNDR F2NJ!Y FRYAYAAUNY G6AQBS NBIAZ2Yya®
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Introduction

Although rainfall in the UK varies greatly from day to day and year to year, there is strong evidence that the climate is
becoming wetter overall, particularly during the winter hgdfar (October to March). Several recent recbréaking

rainfall events hve been linked to climate change, and evidence suggests that rainfall extremes are becoming more
frequent and intense. Climate projections indicate a general shift toward wetter winters and drier summers, but with
heavier bursts of summer rainfall. Newghiresolution climate model projections available since CGIRAR have
produced new findings that are reported here.

Table2.4 and Figure.8 provide illustrative figures forwinterB I @ ¢S &ALIStf ad ¢KS 203 SNI
Table2.4 relate to periods during the extreme wet winters of 2018 (Cardiff), 2012020 (London and Edinburgh)

and 20232024 (Belfast) which were all winters that caused disruptive flooding and have evidence for aspects of the
rainfall during those winter bemymade more likely or more intense by hurAaduced climate change (Christidis and

Stott, 2015, Davies et al., 2020, Kew et2024).

Observed change

Observations show that both annual average rainfall and the frequency of heavy rainfall events in the UK have
increased. Between 2015 and 2024, the UK was 10% wetter than duringl@961with winters 21% wetter and
smaller changes in other seasdi&ndon, M., et al 2025) Five of the ten wettest years on record have occurred this
century, while none of the 10 driest years (since records began in 1836) have occurred during this period. The
likelihood of wet winters has increased by at least 1.5 times compared to a chmthat@ut humaninduced climate
change(Christidis, Ciavarella and Stott, 2018ile extreme winter daily precipitation is now 1.4 to 2.6 times more
likely than without humarinduced climate changgChristidiset al., 2021; Cotterilet al., 2024)

There is growing evidence that rainfall extremes are changiiagvkins et aJ 2020)and humanrinduced climate

change has increased the likelihood of several recent rebeeeking rainfall events. These include the record wet
February 202@Davies et a] 2021) extreme daily rainfall in October 2020hristidis et aJ 2021) and heavy rainfall
leading to the record wet winter in 2023/2ZKew et al 2024) However, detecting trends in stdaily rainfall (e.g.,
rainfall measured over minutes to hours rather than days) remain challenging. This is due to sparse and short sub
RFAf@ NIAYTFLIEE 20aSNBFGA2ya | a ¢ishatd(Kehdan, B, BEnkiasepladd: v i R
Fowler, 2018)Recent studies have made use of newdaale climate model projections to explore convective rainfall
events(Tett et al, 2023)which estimated that the probability of an intense downpour that affect Edinburgh on 4 July
2021 increased by around 30% due to hurimaiuced climate change. Attribution studies for extreme rainfall are
limited by small ensemble sizes. Overall, attribgttrends in rainfall at regional to local scales is difficult, as natural
variability plays a major role in driving extremes.

Attribution studies now extend beyond rainfall to include hazards such as flooding, revealing that-mdueed

climate change has increased the severity of several recent UK floods. This includes the winter 2023/24 floods, where
England and Wales expeniged their highest winter flows on reco(@han, W., et 312025a) estimated as 13.5%

higher than analogue periods back to the 1850s.

Extreme wet monthg September 2024

A sequence of storms in the last ten days of September 2024 bought 150 to 200 mm of rain to parts of the Midlands,
almost a quarter of the expected annual rainfall for the region. Oxfordshire and Bedfordshire had their wettest
calendar month on record inseries from 1836. Oxford recorded its wettest calendar month for 250 years, and the
two-day rainfall total from 22 to 23 September was 118.9 mm, breaking the previous record of 98.1 mm from 9 to 10
July 1968. Some locations received more than 400% moattesage rainfall from 2B0 September.
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Figure2.9 shows rainfall totals and rankings (by county) for September 2024. A large region in central England
exceeded 300% of average monthly rainfall. Gloucestershire, Wiltshire, Oxfordshire, Berkshire, Warwickshire,

Leicestershire, Northamptonshire, Buckingtehire, Bedfordshire, and Rutland recorded their wettest September on
record (shown in dark blue on the righand panel).

g |
#Z Met Office ; .%? Z Met Office ; .%(‘-
September 2024 September 2024
Rainfall Amount o Rainfall Amount ‘
% of 1991-2020 Average & Rank for counties i ée

Ranks are based on
manthly seres for
September 1836 to 2024
langth 189 years

© Crown copyright © Crown copyright

Figure2.9: (left) September 2024 rainfall as a percentage of the Z®I0monthlyaverage. (right) Ranking of September 2024 rainfall
within the monthly series from 1838)24.

Torrential downpours from thunderstorms caused disruption and damages to transport and infrastructure. Surface

water flooding closed roads in the west Midlands including a section of the M5 motorway, and flooded sections of the
rail network.

For Oxfordshire this was a recestiattering event (see Figug10). The 185.2 mm recorded was 27% wetter than the
previous wettest September (1927, with 145.5mm). Some of the same areas also recorded their wettest February in
2024, experiencing two record wet months in the same year.

%Met Ofﬁce Source: HadUK-Grid 14/03/2025 16:48 © Crown copyright
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Figure2.10 Timeseries of Oxfordshire Septemimeonthlyrainfallamounts The solid brown line indicates the September 2024 total
rainfall, far outsidethe range obther Septembemonthly totalsin a series from 1836.
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Future change

Rainfall intensity is projected to increase with further warming, mainly due to the capacity of the warmer atmosphere
to hold more moisture. According to the UKCP Local projections, by 2070 under a high emissions scenario (equivalent
to roughly a £C Global Warming Level), the number of events exceeding 20 mm per hour, enough to trigger a flash
flood, could increase-fbld (Kendon, E., Fischer and Short, 20&3jnilarly, the number of autumn days exceeding 50
mm could increase by 85@Gotterill et al, 2021) Using the same projections, events with a 3% annual likelihood are
expected to become 30% more intense for hourly extremes and 20% more intense for daily exXttdraess., et al
2023b) Overall, for every degree of regional warming, the intensity of heavy downpours is expected to ri$B%y 5
(Kendon, E., Fischer and Short, 202%aning significant changes are likely even under lower global warming levels.
Shortduration summertime rainfall extremes are projected to increase most strongly in northern parts of the UK and
for the most extreme eventéKendon, E., et al2021) The largest increases in hourly extremes are expected in
autumn, with projected rises of 30% in the southern UK and 50% in the northwest UK by th€KRé&Tdsn, E., et al

2021) This is consistent with an extension of the season for intense summer downpours.

Changes in hourly rainfall extremes may not occur grad(i&éndon, E., Fischer and Short, 20233tead, there may
be rapid shifts from yeato-year, and high regional differences, reflecting the combined effects of natural variability
and climate change. Recoelieaking events are projected to increase substantially for both seasonal rainfdtiGaid
rainfall extremegKendon, E., Fischer and Short, 2023)

Other aspects of rainfall change are also important for understanding future impactsn®leiwg storms, which

produce high rainfall amounts and flooding, are projected to be around 14 times more frequent across Europe by
2100(Kahraman et al2021) The risk of large intense thunderstorms capable of producing heavy rainfall that lasts for
several hours is also increasif@¢han, S., et al2023a) However, these changes depend on lasgale dynamics, and

are more uncertain, varying across models.

Increases in rainfall intensity may lead to increases in floodugld et a| 2020; Rudd, Kay, A., and Sayers, 2b28)
other factors such as catchment characteristics, changes in land surface aedentesoil moisture conditions also
control flood characteristics.

Hydrological models indicate decreases in low river flows and increases in high flows across the UK by the end of the
century (or GWL above°€)(Arnell et al, 2021; Hughes et aR021; Kay, A., et.aR021a; Lane et al2022;

Hannaford et al 2023; Parry et gl2024; Smith et gl2024) Increases to flood peaks are typically higher in the west

and the rate of change may accelerate for some southern regions for global warming levels 6@R28d, Kay, A.,

and Sayers, 2023The frequency of widespread flood events in winter is expected to increase significantly, while
these show a reduction in spatial scale in sumi@iffin et al, 2024) For Northern Ireland, we expect increases in

mean winter river flows but decreases in mean flows in other sea@¢eng A., et a12021b)
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Headlines

1 There is some evidence for more severe river flow and soil moisture droughts in parts of the UK.
Hydrological trends remain hard to detect due to large variability and the impacts of water managenm
(Medium confidencg.

1 Hot, dry summers are expected to occur more often, reducing river flows and worsening drought imj
(High confidencg Drier soils may prolong heatwaves and worsen droudgfiedd{um confidence.

1 Widespread summer droughts will become more likely with warming, but low river flows and
groundwater levels may coincide less with implications for water resources managevheaiu
confidence.

1 Changes in atmospheric circulation in response to warming, including climate drivers efeaulti

droughts, remain uncertairLo6w confidencg. Further research is needed to ensure hydrological mode
accurately capture key drought processes.

This section considers hazards related to low rainfall, river flows, soil moisture and groundwater levels. The table
below identifies which risks this hazard is particularly (but not exclusively) related to.

Risks affected

Health and Built Environment | Land, Natureand Infrastructure Economy
Wellbeing Food
H2, H4, H5 BE, BE6, BES N1,N2, N4, N5N6, 11,12,15,16, 19 | E1, E2, E3, E4, ES6,
N8
Introduction

Drought is commonly defined as a prolonged lack of water in the environment due to low rainfall (meteorological
drought) leading to drying of soils (soil moisture drought) and low river flows or groundwater levels (hydrological
drought) (Shaffrey, 2023)h& definition of droughts varies across different sectors and may be shaped by operational
decisiormaking, such as water supply drought when low rainfall affects public water supplies and agricultural
drought when low soil moisture impacts agriculturahgtices (Environment Agency, 2025).

Droughts in the UK cause widespread economic, environmental and social impacts. Droughts impact public water
supplies and negatively affect water quality, ecosystem health (freshwater and terrestrial) and agricultural
productivity. The effects of drought@aworse when they coincide with other climate extremes like heatwaves and
wildfire. For example, droughts increase fire danger due to hot, dry conditions and indirectly affect fuel availability
(Thompson et al 2023)

Periods of low rainfall in the UK often happen when kgbssure weather systems block the usual path of Atlantic
storms. These systems push the jet stream north or south, keeping wet weather away from (Bbaffikey, 2023)
Dry winters are also linked to a weaker jet stream, bringing fewer storms to the UK-dcalgeocean patterns likea
Nifiacan also contribute to drier conditior{folland et a] 2015) Additionally, slow changes in sea surface
temperatures over decades can cause prolonged periods of more frequent or less frequent d(@uwgtds and
Dong, 2012)
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Drought affects the hydrological cycle at different timescales. Changes in river flows and groundwater levels depend
on climatic factors but are also influenced by physical properties of river catchments (such as soil types and
subsurface water storage) drwater management (such as abstractions or streamflow support). Soil moisture deficits
are additionally controlled by water loss due to evaporation, transpiration by plants and subsurface drainage.

Observed change

UK winter rainfall is increasing, while no clear lbaign trends are evident for other seasons. A clear reduction in
summer rainfall has not yet been observgdisso et a] 2022) These rainfall changes are broadly reflected in river

flows, with increasing winter haifear river flows particularly for Scotland and northwest Englgtehnaford et al

2025a) Some rivers in the south and east show decreasing summer flows and worsening droughts since the 1960s,
while those in the north and west tend to show trends towards less severe droughts, though trends are often not
statistically significanfHannaford et aJ 2025a) Spring river flows have declined across most regions since 1960s.
Rising temperatures and related increases in evaporation since the 1960s have increased the frequency of springtime
flash droughts, rapighnset events that can last weeks to mon{iMoguera, Hannaford and Tanguy, 2028arm, dry

springs can also lead to early cessation of groundwater recharge, increasing drought risk in the subsequent summer.

Observed trends in groundwater levels are mixed, with increases in northern England and some reductions in central
EnglandDi Nunno and Granata, 2024]istorically, the southeast UK has experienced more spatially extensive and
longer river flow and groundwater droughts than the northwesthéf the southeast is under severe drought, it is

rare for the northwest to also be in severe droughtinguy et a] 2021) Modelled estimates of soil moisture show

wetting trends in October and December and drying trends in April in most UK réglamsndraMartin et al, 2022;
Bevacqua et gl2024)

There is low confidence in identifying the main drivers of recent trends in river flows and groundwater levels,
particularly in determining if climate or human influences have had the greatest influence. Urbanisation, reservoir
management and wastewaterstiharge all affect river flows and groundwater levels and can exacerbate hydrological
droughts(Wendt et al, 2020; Van Loon et.aR022; Salwey et al2023; Coxon et al2024) Land use change has

driven significant river flow changes in some Scottish catchn{®vitay et al, 2024)

The likelihood of severe combined heatwave and drought has incré8saetr, Shaffrey and Hawkins, 20249

evident by successive droughts in 2018, 2022 and 2025. The 2022 drought had widespread impacts on agriculture,
wildlife and water supplie@Barker et al 2024) It was the most spatially extensive soil moisture drought for the past

60 years across western and central Europe (Schumacher et al., 2024). Following record wet weather over winter
2023/24, rainfall deficits over spring and summer 2025 were exceptamhhmongst the driest on record for parts of
Y2NIKSNY 9y3flryR YR SIFIHaldSNYy {O02GftlFyR® {LINAY3I Hnup ol
warmest on record for the UK (Met Office, 2025). Average spring and summer river flows were amangeteler
recorded across central and eastern Britain (Hannaford.g¢2@25b; Chan, W., et.aP025b). Low river flows and

reservoir levels led to abstraction restrictions across the UK, and water use restrictions across northern, central and
southeast England.

Events like the 2022 drought have become hotter and drier than similar droughts in thedustrial climate

(Faranda, Pascale and Bulut, 20Z3)il moisture droughts like 2022 have become more likely across westptral
Europe and are projected to become twice as likely at 2 °C GWL relative td388(Bevacqua et g12024;
Schumacher et gl2024) Drier soilsnay also lead to atmosphere circulation changes that prolong these hot and dry
extremes(Dirmeyer et al 2021)

Future change

The UKCP18 projections indicate, on average, wetter winters and drier summers in the UK. Compound hot, dry
extremes are expected to increase with warm{Bgvacqua et gl2022) Meteorological drought coupled with
increased evaporation is projected to be more than three times more frequent at a GWL (Rdyfiters et al
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2023) Extreme droughts in Scotland are most likely across eastern regions and projected to occur once every 3 years
in the near future (202:2040)(Kirkpatrick Baird, Stubbs Partridge and Spray, 20&ihemonth rainfall deficits
(DecemberAugust) similar to the severe 1976 drought are expected to occur five times more frequently from the
2040s under thénigh greenhouse gas concentratiRCP8.5 scenario (roughly comparable to a GWL of 3 °C) relative

to presentday(Kendon, E., et al2024)

River flow droughts are projected to become more frequent and severe across the UK based on the UKCP18
projections. Most catchments are expected to experience reduced river flows and increase river flow drought severity
(Lane and Kay, A 2021; Parry et 2023b) Changes in future droughts vary across hydrological models, but more
severe changes are projected for catchments in the south and east due to sgrtagedwater interactions (Smith et

al., 2024). The north and west of the UK is expected to see an increase in shorter seasonal droughts (Parry et al.,
2023a). For Northern Ireland, river flows are expected to decrease in all seasons apart from winter (Kay, A.L., et al.,
2021b). For Scotland, aitments within key areas for agricultural and whiskey produdt&g, Spey and Tay) are
projected to experience a twdo three-fold increase in hydrological drought frequency by the 2050s (V@sam et

al., 2021). Systematic biases in climate models, such as underestimating persistence of atmospheric blocking, hinders
confidence in future changes of muitear droughts, such as multiple dry winters which inhibit groundwater recharge
(Shaffrey, 2023).

Projections for groundwater droughts are more uncertain. Some boreholes may show modest declines but others
show increases as wetter winters enhance groundwater rech@®gery et al 2023b) Widespread summer droughts
are more likely to affect multiple UK regions simultaneo(Blgbson et aJ 2020; Tanguy et al2023) although in the
southeast, river flow droughts are less likely to occur simultaneously with groundwater drdiigimguy et al 2023)
This has important implications for water transfers and strategies for optimizing conjunctive use of surface and
groundwater sourceéMurgatroyd and Hall, 2020; Murgatroyd et,&2022) Extreme droughts found in large

ensemble simulations are useful stress tests for water supply sygtdorgatroyd et al., 2022; Chan, W. et al., 2023)

Soil moisture droughts are also projected to increase in spatial extent, frequency and severity acroséAtreelUK

and Freeman, 2021; Kay, A., Lane and Bell, 2&®eme soil moisture droughts that had about a 6% chance of
occurring in a 1982000 climate are projected to become much more likely, with an 18% chance of occurring for a
GWL of 2 °C, and a 33% chance at a GWL ofMtAGnonths between June and October being at especially high risk
of soil moisture drought in the far futurgszczykulska et.aR024)
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Headlines

1 There is no clear loagerm trend in severe storms (extra tropical cyclones) affecting the UK, with decg
and year to year variation in storm activity. In the more recent past, the stormiest period was in the
1990s; since the early 2000s, damaging wiadss in Europe have become less commidigh
confidence)

i Future changes are driven by natural and anthropogenic causes. The combined impact is uncertain
in global climate models lead to ovemnd underestimates of the persistence and frequency of weather
patterns important for storms in the North AtlastiMedium confidencs.

i Newly available highesolution climate model simulations (kilometre scale) give improved insight into
details of severe extra tropical cyclones, revealing a tendency to stormier conditions, and increased
frequency of sting jets, in the future warmdimate (Medium confidencsg.

1 There is a lack of understanding of which physical factors will be most important in changing storm
characteristics in the future.

This section considers the hazard of surface windstorms and wind drought. The table below identifies which risks those
two hazards are particularly (but not exclusively) relevant to.

Risks affected

Health and Built Environment | Land, Natureand Infrastructure Economy
Wellbeing Food
H1,H2, H3, H4, H6| BE2, BEBH, BES, N1, N§ N8 11,12, 13,14, 15, 16, E2, E4, E6, E7
BE7, BES 17,18, 19
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Introduction

Severe extrdaropical cyclones (also called low pressure systems) produce windstorms that cause significant damages
to public and private property and regularly lead to fatalities. Exipical cyclones usually form over the western

North Atlantic over sveral days. Their development and strengthening are driven by complex interactions between
weather patterns high in the atmosphe(eccellini and Johnson, 1979; Hoskins and Valdes, 1990; Pintp2&0#l)
exchanges between the ocean and the(aig., Nelson et 312014) and the release of heat from condensati@gtink

et al, 2012)

Surface lowpressure systems form due to interactions between atmospheric waves and the temperature difference
between the north and south of the mildtitudes. These strong temperature contrasts create-fastving air

currents called the Poldfront Jetsteam, at about 1612 km altitude, with wind speeds reaching over 300 kph
(Woollings, 2019; Stendel et g2021)

At the surface, strong winds in extteopical cyclones occur along cold and warm frq@hapiro and Keyser, 1990)
FYR Ay WalAy3a 2SGaQ> yIFrNNBg adGdNBlIYa 27T (BrdwNihg{i2Ra4,HarRS & O
Gray and Clark, 2017; Eisenstein, Pantillon and Knippertz, . 2088®ugh sting jets are hard to detect, they have
been linked to severe damage in storms such as the Great Storm ofBaB&r, 2009; Clark and Gray, 2018)

Extreme low wind speeds also present a hazard for specific applications, such as the generation of electricity from
wind (kinetic) energy, for example during March 2021 in thg&iKffell et al 2021) Persistent, low wind episodes

are mostly caused by atmospheric blocking, where a strong surfacephéghure system blocks the prevailing

westerly flow. These blocks are part of the natural variability of the UK climate and a consequence of the wéviness
the atmospheric flow in the mithtitudes.

Observed change

Analysis of observed and reconstructed storms activity over the past century shows no cle@riorigend in severe
storms across Europe, including the UK (&gser et al 2015) There is substantial yeén-year and multidecadal
variability(Alexander, Tett and Jonsson, 2005; Matulla et28108) with the stormiest period occurring in the 1990s
(Alexandersson et al1998, 2000; Alexander, Tett and Jonsson, 208ibice the early 2000s, the number of damaging
European windstorms has declin@dawkins et a) 2016)(Fig.2.11). This variability is closely linked to phases of the
North Atlantic Oscillation (NAO) (Dawkins et al., 2016), but, so far, there is no clear evidence that changes in
windstorm activity can be directly attributed to humamduced climate chang@PCC, 2021The overall impact of

climate change on midlatitude windstorms is hard to evaluate due to small signals in e.g., wind speed, as well as the
high climate model resolutions required in attribution studies to represent the full dynamic processes in sevare extr
tropical cyclonegErmis et al.2024) Nevertheless, Ermis et al. (2024) simulate two climate change counterfactual
realisations otorm Eunice (February 2022)d diagnose that Euniaeas intensified due to climate change.

Atmospheric blocking and related low wind events occur over the UK abbditines each season, lasting for

variable lengths of timéLupo, 2021)Across the Northern Hemisphere, these events have become more frequent

over the past 60 years, increasing from around 30 to 40 events pellyapo et al 2019; Lupo, 2021)n

observations, sustained periods of low wind power generation (duration of 14 days) have a return period of five years,
while the longest observed event (about 26 days) is expected to occur about once every 10@ggsosnporn,

Adcock and Vogel, 2024)

CCRA4ATechnical Reportstate of the Climate 91



= Met Office Source: MIDAS 07/03/2025 10:37 © Crown copyright

UK station day counts of gust speeds

120

100

80

60

Day count

40

20

— 40Kt 50Kt  —— 60Kt

Fig2dbmmY ¢KS ydzZYoSNJ 2F RI&a SIFOK &SI N 6KSY YIEAYdzy 3dAald HYISSRA
at least 20 or more UK stations, from 1969 to 2024. Stations more than 500 m above sea level are excluded. The codraef6R202

onn YGo03x mn o6pn YOu FYR o d6cn YGOod ¢KS GKNBS RI&a Jantarnm@term Ay
Isha) and 7 December (Storm Darragh). Source: Kendon, M., et al. (2025, Fig. 34).

Future change

Climate models suggest a possible increase in extreme-ggpaal cyclones and windstorms over the Nogast
Atlantic(Carnell, Senior and Mitchell, 1996; Leckebusch and Ulbrich, 2004; Lambert and Fyfe, 2006; Leckebusch et al
2006; Zappa et gl2013; Little, Priestley and Catto, 2028pwever, the last two IPCC assessment regtfPiSC, 2013;
2021)concluded that projections of future storminess remain uncertain. Most current models show a northward
extension of the North Atlantic storm track, which could lead to increased frequency of windstorms over western
Europe(Harvey et al 2020) with larger increases at higher global warming levels (e.g., Feser et al., 2015). Higher
resolution ocean models also project greater increases in east Atlantic stornjesiset al, 2021) (high

greenhouse gas concentrati@SP3B.5 scenario to 2050; roughly equivalent to a GWL of@.&t 2050). Recent
research indicates that UK storm severity could increase by around 30% by 2080Highdgreenhouse gas
concentrationSSPB.5 scenarios comparable to a GWL of ®) mainly due to storms covering larger areas
(Priestley et aJ 2024) However, few studies focus on changes in storminess atenitlry (Little, Priestley and

Catto, 2023ps large natural variability makes it difficult to detect clear trends in storminess.

Climate change from UKCP18 simulations

1 A summary of UKCP18 simulations is presented in Pahlshowing the number of storm days per winter
and their future change.

1 Storm days are defined as days with wind speeds above a darakyant threshold greater than the 98
percentile, based oilawa and Ulbrich (2003) and Leckebusch, Renggli and Ulbrich.(2008)

f  For comparison the 98percentile of daily maximum wind gust for the 262624 reference period from
station observations is 50mph at Heathrow (London), 55mph at Aldergrove (Northern Ireland), 57mph at St
Athan (Cardiff) and 59mph at Gogarbank (Edinburgh).

1 The UK currently experiences about 3 storm days per winter across all regions. No change is identified from
UKCP18 for the central GWLs; results for England, Wales, Scotland and Northern Ireland are very similar.

1 At higher global warming levels, towards the end of the century, Scotland shows the largest increase in storm
days, with an additional 1.2 storm days per winter in an average year and about one day also for extreme
years. For England, Northern Ireland, altdles this change is smaller, about one day or less per winter.
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Table 2.6: Summary of winter windy days (®p@rcentile) for recent past (20e2024) and under GWL scenarios. See also Table 2.1. These
values are derived from observations and UKCP climate models. They are included to illustrate the nature of changihgzzlsfer

the UK. They have been prmd specifically for this chapter. These values are consistent with the wider body of evidence presented in this
chapter, but the values do not synthesise the wider literature and are not intended to be used in isolation for adappation decisions

as they do not account for the full range of potential outcomes

Region Observed*| Model Model
Metric 1.0°C/
GWL: Frequency 2.0°C 4.0°C
20052024

Number of days in Decembdgnuaryand February, where winds excee
the 98 percentile of the baseline {CGWL).

Average Year 3 3 3
London
Extreme Year 8 8 9
. . Average Year 3 3 3
Winter windy Days Belfast
Extreme Year 7 7 8
Average Year 3 3 4
Edinburgh J
Extreme Year 8 8 9
: Average Year 3 3 3
Cardiff
Extreme Year 8 8 9

Increased resolution and CPM simulations

Recent advances in computing power have made it possible to run more detailed simulations of extreme windstorms.
Manning et al(2022; 2023Jused a higkresolution convectiorpermitting model (CPM, 2.2 km grid spacing) to

examine how UK windstorms might change in the future. They found that global climate models (CMIP5 and CMIP6
ensembles) tend to underestimate storm strength, whereas therfgoale CPM results show a clear increase in the
frequency of extreme windstorms by 2100. This rise is mainly due to increases ircoastorms that contain sting

jets (climate forcing similar to a GWL of 35 highend for 2080). However, larggealecirculation changes could also
play a role. A recent kilometrgcale global model study suggests that future storms may shift further north,

potentially reducing their impact on the Wkentile et al 2025) Ermis et al. (2024) conclude from counterfactual 8

day forecast simulations (horizontal resolution of about 18 km) of storm Eunice (February 2022) that similar storms
could become more intense in future (higind scenario, end of century). Neverthelessnaspheric background
conditions were unchanged, meaning that letegm circulation responses to climate change are not represented in

the study.

Why is there uncertainty about future storminess?

Uncertainty in future storminess is mainly due to competing effects in the atmosphere. With himchaced climate
change, the lower atmosphere is warming faster at the poles, reducing the temperature difference between north
and south, which could lead fewer storms. However, higher in the atmosphere, this temperature contrast may
increase, potentially leading to stronger storfesg., Shaw et gl2016; IPCC, 20243 it alters wave activity in the
atmosphere and the jet stream. Also, warmer air can hold increased moisture: this may make storms more intense
and bring heavier rainfa{Booth, Wang and Polvani, 2048ge also sectio®.3.2.1 on precipitation).

However, using several climate models indicates intensification of the North Atlantic jet stream in most considered
storylines at GWLs ofZ and 4C(Harvey, Hawkins and Sutton, 2028jorm frequency increases across northern

and central EuropélLittle, Priestley and Catto, 2023yith storm severity more than doubled at GWLs 0f25°C in
2080. Under lower emissions scenarios, the projected increase in storm risk is lower.
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What do we know about future storm damages and loss?

Future storm damages in the UK and western central Europe are expected to increase, although estimates vary
(Leckebusch et al2007; Pinto et al 2007; Donat et al2011) One study estimates a 23% rise in annual windstorm
losses with 2.5 °C global warmifRRanson et al 2014) More recently Severino et al(2024)found that rare

damaging storms could happen every 28 years instead of every 100 underenhiggions scenario (SS85,

roughly comparable to a GWL of 3(5). However, there remain large uncertainties in these projected changes,
mainly due to differences between climate models.

The future of blocking and wind droughts

Our understanding of changesto higiNBS & 4 dzZNB o6f 201 Ay 3 aeéadSya FyR NBfl (SR
characterised by three main aspects:

i Bias: Climate models systematically underestimate the occurrence of blocking situ&toalings et al
2018) thus hindering the clear understanding of dynamical causes of blocking occurrence and how these
might change.

1 Frequency of blocking events: Global climate models show an overall decline in the hemispheric mean mid
latitude blocking occurrencgKautz et al 2022) but these projected changes are smaller in magnitude than
model biases and natural decadal variability in blocking frequé™pollings et al 2018) so highly
uncertain.

9 Duration of wind droughts: In a recent studyu et al (2025)found an increasing trend in wind drought
duration (including in the UK) in CMIP6 models, with an increase in the duration of 4rea8vent of 20%
to 40%, depending on GWL and time horizon.

HPo o PHKAHFBSNBG2NYasx tAIKIYAYT | YR
Headlines
i Severe convective storms are rare, but their impacts are large. Localised events like lightning strike

hailstorms, tornadoes, and wind gusts cause severe damage to infrastructure, disrupt transport netv
and threaten lives. There is no evidence ofetved trends due to lack of data and modelling studiesw
confidence.

q Lightning frequency is expected to increase. While hailstorms are expected to decrease in frequenc
largest hailstones could increase in size. Little is known about future changes to tornadoes or conve
driven wind gustsl(ow confidence)

i There is now a better understanding of these hazards, their impacts, and their future changes comp
to CCRA3BA TRMedium confidence)

i Both observations and models need to be improved with respect to clear identification of hazards su
hail and tornados. Increased model resolution will help in particular with simulation of hazards such
convective gusts.

This section considers hazards relating to convective (thunder)storms: tornadoes, (large) hail, lightning, damaging
wind gusts and heavy rainfall leading to flash floods. The latter is detailed in s2@&i@rl. The table below identifies
which risks this hazard is particularly (but not exclusively) relevant to.
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Risks affected

Health and Built Environment | Land, Natureand Infrastructure Economy
Wellbeing Food
H2, H3, H6 BE2BE3BE4, BE6 N1, N6 N8 11, 12,13, 14, 15, |16 E2, E4, E7
BE7 BES 17, 18,19
Introduction

Severe thunderstorms leading to lightning strikes, intense precipitation, hail or even tornadoes are common in the
midlatitudes. In the UK, thunderstorms occur less frequently than in continental E(Esp® et al 2020) but their
impacts are significant and affect public safety, disrupt transport and energy systems, and damage agriculture and
critical infrastructure.

Observed change

Data limitations in observations and shaeerm forecasts hinder our ability to fully understand and prepare for

hazards from convective storms These events are dhatl, and localised in nature, which makes them difficult to
monitor with existing systas. Volunteers are relied upon to report hail and tornadoes, which leaves gaps in the data.
Radar often misses small tornadoes near the gro@er the past 30 years, thunderstorm activity has slightly
decreased in southern England but slightly incredeetie north, in each region by about 0.25 days per \&aone

et al, 2022)

There is no clear loagerm trend for hail frequency in the UK. More tornadoes have been reported since the 1990s,
likely due to better awareness and reporti(iyells et al 2024) Because the incidence of tornadoes varies a lot from
year to year and records are short, it is difficult to identify tre(Msilder and Schultz, 2015pespite their impacts,
research on convective wind gusts in the UK is limited. {t@mg observational trends in wind gusts related to
convective activity are unknown, although there is an overall decline in high wind gust days over the 2JK1{Fig.

Future change

Convectiorpermitting climate models, such as UKCP Local, better represent thunderstorm processes and hazards
(Kahraman et al 2022) Studies with these models suggest UK lightning frequency could increase significantly under
high-emission scenariodahraman et al2022) By 2100, the number of lightning strikes in summer could double due
to more unstable air stratification and extra moisture in a warmer clinfgeghraman et al 2022) Lightning is also
expected to increase over the North Sea in winter, which could threaten offshore wind farms and other marine
infrastructure(Kahraman et al 2022)

Severe hailstorms are expected to become less common in the UK byZdi@erson et 312015; Kahraman et.al

2025) Sanderson et al. (2015) find the number of thunderstorms producing damaging hailstones (diameter greater
than 15 mm) reduce by a factor of two by 2070 for a high emissions scenario. Kahraman et al. (2025) show an
increase in the number of thunderstormsttv high amounts of small hailstones. However, they suggest severe
hailstorms will increase by 20% in 2040s but decrease by 64% by 2100 for a high emissions scenario.

This is because multiple factors for large hail growth change in a much warmer climate. These include increases in
vertical wind shear due to a weaker largeale circulation, and stronger updrafts in the hail growth layer. It is notable
that the frequencyof hailstorms in the UK is much lower than other parts of Europe in all simulations, and uncertainty
in e.g., wind shear changes could dramatically affect these results. However, isolated instances of very large
hailstones are expected to become more coom{Kahraman et al., 2025).

There is little research on how tornadoes or strong winds from thunderstorms might change in the UK, as current
climate models cannot simulate these events well. This also applies to conveslated wind gusts.
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2.3.4 Marine temperature and sea level

Headlines

i Near coastal UK ocean temperatures are steadily rising. Marine temperatures will continue to rise,
increasing the frequency of extreme higlater events iighconfidence)

1 Sea level rise is accelerating and will continue into the future, further increasing the frequency-of hig
water events ighconfidence.

i June 2023 experienced recebteaking sea surface temperatures in UK waters. Such events are likely
be commonplace by midentury Medium Confidencg. Significant changes in UK water circulation are
expected Lowconfidencg.

i Future ice mass loss from ice sheets remains the largest uncertainty in projectionslefaladse beyond
2100, and therefore the risk of coastal inundation on century timescales remains poorly constrained
Changes in extreme sea levels and their Imkhanges in storms in the Atlantic and Arctic remain
uncertain but pose a significant risk to coastal areas.

This section considers hazards relating to sea surface temperatures, waves, storms and sea level rise. The table belov
identifies which risks this hazard is particularly (but not exclusively) relevant to.

Risks affected

Health and Built Environment | Land, Natureand Infrastructure Economy
Wellbeing Food
H1, H2 BE2BE3BEG6BES N1, N3, N7, N9 |11, 12,13, 1415, 16, E2, E3E4 E6
17,110

Table2.7: Sea level projections based upon UKQPaBner et al] 2018)delivered by the Met Office Projecting Future Sea Level (ProFSea)
tool (Perks & Weeks, 2023) for UK capital cities based upon future emissions scenarios. Sea level projections aréethtoveiesa\WL
approach adopted for other climate indices, sréhare presented projections for a middle scenario (RCP4.5) and-antigimissions
scenario (RCP8.5). The table includes the central estimate only and users requiring more information about the underpireirsa;ng
uncertainty ranges should revieRerks and Week2023)and the ProFSea tool.

2030s 2050s 2080s

Region RCP4.5 | RCP8.5| RCP4.5 | RCP8.5| RCP4.5 |RCP8.5
Timemean sedevel rise projections relative to 192000 (m)

London 0.15 0.17 0.26 0.30 0.44 0.58
Belfast 0.09 0.10 0.16 0.20 0.29 0.42
Edinburgh | 0.08 0.09 0.15 0.19 0.26 0.39
Cardiff 0.15 0.16 0.25 0.29 0.43 0.56

Introduction

The marine environment faces threats from ocean warming, marine heatwaves, acidification, changes in ocean
currents, and alterations in carbon storage. These changes affect marine life and human activities. Wave conditions
around the UK are influenced bychl winds and incoming swell waves from the Atlantic and Arctic Oceans. Extreme
waves occur during intense storms and are closely linked to storm track.
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Climate risks in the UK often manifest as mhéizard events at the coast. Extreme sea level events are driven by

various mechanisms, spanning a wide range of time scales. Extreme sea levels can be generated by storms in the forr
of storm surges. Their fights and potential impacts are controlled by the intensity, speed, and path of the storm and

its timing relative to the tide. Temporary, but potentially very damaging, individual occurrences of sea level extremes

I NB OF t-a8Rt 980 S # (isNBhasSoceaue td aZ@rBihation of factors such as storm surges, waves,
and astronomical tides. Extreme sea levels cause coastal flooding and erosion. These risks impact various sectors,
including food and water security, renewable energy, and shipping

Global sedevel rise is driven mainly by the expansion of seawater as it warms, and the melting of land ice, due to
warming temperatures. The rate of global degel rise is increasing, with significant contributions from melting
glaciers and ice sheetSince 1900, average sea levels in the UK have risen by 19.5 cm, withirtigq(13.4 cm) of

this rise happening in just the last three decades (Kendon, M., et al., 2025). This rate of change is higher than the
global estimate of 10.6 cm calculated froatedlite altimetry, suggesting UK sea level is rising faster than the global
average.

Observed change

The rate of ocean warming has increased consistently over the past six decades, with record warming in 2023. Near
coast sessurface temperatures around the UK from 2eA@24 were 0.3 °C warmer than the 192020 average and

0.9 °C warmer than 1961990 (Kadon, M., et al., 2025). Warmer oceans are contributing to marine heatwaves, and

in June 2023, an intensevZeek marine heatwave caused ocean temperatures to be 5 °C warmer than average for
that time of year(Jacobs et g12024)

With respect to wave heights, overall, a 0.1 m reduction in average wave height has been observed, leading to calmer
seas. However, the height of the most extreme waves has increased by 0.5 m in some areas, associated with
increasing stormineg®richeno and Wolf, 2018; Bricheno et &023) Cyclone tracks have been shifting northward

since the 1990s. Historical records show the northeast UK is most impacted by long and high storm surges, while the
English Channel experiences shorter and smaller e@atsius et al 2024) There is no firm evidence linking climate
change to observed trends in UK storms and waves.

Observational data provides confirmation of the accelerating rate of sea level rise. The tide gauge at Newlyn recorded
the highest sea level on record in 20@&3®ndon, M., et al 2024) Sea level rise is not uniform around the coastline of

the UK. From 1991 to 2020 the rate of sea level rise at locations around the UK ranged from 3.0 to 5.2 mm per year,
with the highest rates of change recorded in the Scottish Outer Hebrides and sitligeast England coast, with the
lowest rates along the coast of northeast Engléikidndon, M., et al 2022) However, the relatively low density of

tide gauges around the UK coastline means there are large uncertainties in both the rate local of relaiévelsese

and the impacts of storms on local extreme sea levels.

Future change

Future marine conditions

In the northwest European shelf seas, sea surface temperatures are projected to increase by about 3 °C by 2100, with
a related reduction in salinity (by 1 practical salinity unit) under a high emissions scenario. Marine heatwaves are
expected to become mercommon by the mi@1st century(Berthou et al 2024; Jacobs et.ak024)

Changes in air temperature will alter ocean density stratification; areas where lighter (warmer or fresher) water sits

on top of denser (colder or saltier) water. There will be an increase in the strength and duration of summer
stratification. Additionallymore rainfall and runoff from the land could increase stratification in coastal seas, in
particular the North SefHolt et al, 2022) Increased stratification reduces the mixing of nutrients from deeper

waters and affects the distribution of oxygen, impacting marine ecosystems and fisheries. It also affects the regulation
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of sea surface temperatures, which can lead to changes in weather patterns. Decreased ocean circulation strength
could also affect regional climate, especially in western Eu(dpiker et al 2024)

Future sedevel rise

Centuries of rising sea levels are already committed due to past emissions, but the rate and amount of future sea
level rise depend on greenhouse gas emiss{bioxKemper et al 2021; Naughten, Holland and De Rydt, 20B3)

2100, global sea levels could rise by 0.28 to 0.55 m under low emissions and by 0.63 to 1.02 m under high emissions
scenarioFoxKemper et al 2021) Since CCRAA TRPalmer et al(2024)have developed a sea level storyline
framework that more completely represents future uncertainties, including poorly understood ice sheet instability
processes, and provides a comprehensive set of possible outcomes to inform coastal decision maketsdRes

level rise at 2300 for the UK, under three storylines based upon IPCC ARG likely ranges, show UK capital cities could
experience 1 to 4 m of sdavel rise with a marked spatial pattern in the magnitude ofse@I rise experienced

across the UPalmer et a] 2024) The largest sea level rise is projected for the south and southwest of the UK.

Future rates of ice loss, particularly from Antarctica and Greenland, remain uncertain, potentially leading to higher
sea levels than currently predicted. Highpact, lowlikelihood scenarios, providing a plausible werase, could lead

to an additionafl m of global mean sea level rise by 2{B6xKemper et al 2021; Van De Wal et.a2022)and

between 8 to 17 m by 2300 under a high emissions scef@aaeKemper et a| 2021) Based upon the Fekemper et

al. (2021) global high emission scenario, Palmer et al. (2024) model thisrpgbt, lowlikelihood scenario for 2300,
resulting in regional sekevel rise at UK capital cities ranging from 16.3 to 117.0

By 2100, the winter storm track over the UK could intensify (medium confidence, s2@i8rl), increasing the

severity of wavegMorim et al, 2019; Wolf, Woolf and Bricheno, 202@evere storms during autumn may become

more frequent if tropical cyclones intensify and their region of origin expands northwards (Bricheno et al., 2023, this
report section2.3.2). Higher sea levels will cause waves to carry greater energy to the shore, which will affect coastal
defences, and increase the risk of coastal flooding and ergEiovironment Agency, 2020)he spatial pattern of

high waters around the UK depends on maximum wave height, storm surges, tidal range, 4sbehange.

Southern England will experience the greatest amount ofleeal rise, raising the risk of extreme water levels

(Rulent et al 2021) Retreating sedce will increase the height of waves from the north. Under a high emissions
scenario, 1in-100-year coastal floods are expected to occur at least once a year along most European coastlines
before 2050(Vousdoukas et a12018)

2.3.5 Compound hazards

Headlines

i Multi-hazard storm sequences in winter and impactful-dog periods in summer have become more
common [Lowconfidence)

i The likelihood of very severe hdty summers and wetvindy winters with multiple, linked, highmtensity
events (e.g., heatwaves or storms) will increase. Cold +haftard events will be less prevalehligh
confidence)

i Cooccurring hazards in the UK were not explicitly considered in GERFut are now widely

recognised as a firgirder factor in dictating the severity of riskdighconfidence)

i With a few key exceptions the extent to which multiple hazards@wur and how this relates to larger
scale circulation patterns is poorly researched, both for the presagtand within climate models
representing the future.
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This section considers how and when hazardea@mr or compound, focussing on the link through to impacts. The
table below identifies which risks this hazard is particularly (but not exclusively) relevant to.

Risks affected

Health and Built Environment Land, Natureand Food| Infrastructure Economy
Wellbeing
H1, H2, H3, H{ BE1, BEBE3BE4, BE6, BE] N1, N2, N6, N8, N11| 11, 12,13, 14, 15| E1, E2, E3, E4
H5, H6 BES BE9 16,17, 18, 19 E6, E7
Introduction

Extreme weather phenomena often do not occur in isolation. When hazardsag or compound, linked by various
atmospheric processes, impacts may be amplifed., Hillieret al, 2015; Zscheischlet al,, 2020)and potential

impacts can be larger than from individual hazards separately. Consequently, understanding the processes leading to
compound events is necessary to fully quantify their overall risks.

Risk from multiple natural hazards, multi-hazard riskhas been long recogniséel.g., Hewitt and Burton, 1971;

UNEP, 1992; Kappes et, &012) Recently, this has evolved into the broader concemamipound riskwhich refers

to the combination of multiple drivers and/or hazards that together contribute to societal or environmental impacts
(Leonard et al., 2014; Zscheischler et al., 2¢iBier et al. 2020, Figure2.14a).Simpson et ak2021)further

expanded this framework by focussing on linkages, such as shared vulnerabilities or interdependent systems, that
create complex climate risks (Fig@d4b). They identified 10 types of risk interdependency, including cascading
effects(de Ruiter et al 2019)

Risk view

a) Weather & climate science view

Modulator — Driver -— Hazard > m

Fig.2.12 Weather and climate risks often arise due to multiple, interacting factors. a) A compound event,-blsedeperspective
where hazards might have common modulators .(esprms, ENifio) and/or a related driver (e.gwind, rain) Zscheischlegt al., 2020).
b) Linkages between determinants of complex¢istodified from Simpsoet al. (2021).

The termco-occurring(Hillier et al, 2015)is increasingly use@e Luca et 312017; Dodd et gl2021; Pradhan et al
2022; Bloomfield et al2023) It is valued for its simplicity, as it deliberately avoids implying any underlying process.
Instead, it only describes apisode(Hillier et al, 2025)in which two or more events occur within the same region
(e.g., a country or a city) and within a defined timeframe (e.g., an hour, a week, a year).
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Box2.1 Characteristics of compound hazards

Four characteristics usefully categoremmpoundhazards(Zscheischler et al., 2020, Bevacqua et al., 2021):

Preconditioned hazards manifest due to previous environmental events ofgxisting conditions e.g.,
hydro-meteorological events as extensive rain over a longer period affecting soil moisture.

Multivariate: involves multiple climate drivers and/or hazards, even if not individually extreme.
Temporally compoundinghazards occurring clustered in a limited time window.

Spatially compoundinghazards affecting a specified geographic region.

Observed change

.S8G6SSYy mMc YR HM CSONHzZENBE HnuH UGKS aiG2NY &aS4dzSy0oS wy:
meteorological hazards (snow, landslides, flooding, extreme winds) at locations across the UK and Northwest Europe
(Kendon, M., 2022; Mihr et.aR022) Then, in July 2022, there was widespread drought, extreme heat@r4md

wildfires. These are recent examples ofamrurring extremes within a single year. However, detecting a trend from

the past to current climate in these @xcurring extremes needs a longer historical record than is required when

looking at one hazd alone, and recent occurrences constitute weak evidence.

CCRA3A TRIid not explicitly consider impactful compound events (a/good et al, 2023; Sherwood et al2024)
compounding, or cepccurring hazards except to suggest that plausible storylines and sce(fisherd et al
2018)might be useful in developing appropriate stress tests. It noted, separately, the roles of adafge
atmospheric pattern called the North Atlantic Oscillation (NAO). Winters with a positive NAO phase (NAO+) are
dominated by storms and so are warmertier and windier in the UKMurphy et al, 2019) while NAO+ summers
are characterised by high pressure favouring hotter and dryer condifesitand et al] 2009)

During winter, inland flooding and extreme winds are the two primary hazards impacting the UK, and evidence is
increasingly robust that they systematically@ccur for timescales from daily to seasonally, driven by cyclonic storms
(Bloomfield et al., 2023 This cenccurrence is greatest in NAO+ winters and for the most severe events, perhaps
controlled by the jet stream via its influence on storm formation and evolufititier and Dixon, 2020; Hillier et,al

2020; Manning et al 2024) Successive storms, like in winter 2013(Wild, Befort and Leckebusch, 208N cause

very wet antecedent conditions that can lead to prolonged or extreme flooding (e.g., B&dmf al., 2023; Fig.

2.13). Importantly, wintertime storms can also cause sequences of storm surges and high{deakass et al 2023)
combined with high groundwater levels or saturated sediments, can cause landslides impacting roads and railways,
and increase rates of coastal erosi@ralamakumbura et al2021; Klaver et al2024) Likewise, snowmelt can

amplify flooding (e.g., Storm Bert) and damaging wintertime tornadoes and hail are also possible (e.g., Jersey in storm
Ciaran)Wells et al 2024; 2025)
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Fig.2.13 Timeline of a very active storm season in the UK and Ireland, winter 2023/24. Letters are the first letters of namehllistorms (
hFFAOST HAHNOIE Sd3IdE W. Q A& .loSio

During summer, hatry conditions in the UK are typically linked to stable fpgissure and an NAO+ state (e.g.,

Kautz et al., 2022), enhancing the chance of drought, stirigkSt f adzo aA RSy O0S o02yS 2F (KS
at £3 billion over the ast decaddJones, Banks and Jefferson, 2028hd dangerous heatwaves if hot air is drawn

north to the UK(Felsche et al2024) Airflow from the south, often at the end of heatwaves, can also bring severe
convective thunderstorms and accompanying multiple hazé@&tay and Marshall, 1998}.g., hail (Wells et al.,

2024), tornadoegClark and Smart, 2018hd intense rainfall with the potential to cause flash floodi@gay and

Marshall, 1998; Sauter et.aR023) This combination, except tornadoes, was exemplified in the unprecedented July
18-19" heatwave in 2022, which was an NAO+ sum(Ke&ndon, M., 2022; Kendon, E., et 2D23)

Future change

Climate projections suggest the need to be prepared for more combined heatsraught summers, comparable to
1976(Baker, Shaffrey and Hawkins, 2021; Kendon, E.,,&084) and for more winters with both extreme winds and
flooding (Bloomfield et al., 2023; Hillier et al., 2025). Aside from these studies the extent to which multiple hazards
co-occur and how this relates to largscale circulation patterns is poorly knowrath at present and in climate

models representing the future.

¢tKAa aSOlA2y LINBaSyda I WgKIG ATQ o0{KSN¥B22R SiG | f dx |
of a persistent seasonal state (Bloomfield et al., 2023; Hillier et al., 2628ptdry summer or wetwindy winterg
and combineshis with an extremely intense episode of miitizard events.
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Box2.2 A plausible compound higlmpact wetwindy winter scenario

A plausible highmpact wetwindy winter scenario could bring 28 major storms, each causing flooding, strong
sAYyRazI fFyRatARSaz 2N O2Fadlrf Fft22RAy3Id ¢23SGKSN

Given the increasing likelihood of hazardamzurrence (e.g., Bloomfield et al., 2023; Hillier et al., 2025), this sce
follows the Bank of England in its stress tests (Bank of England, 2022; Hadzilacos et al., 2021) by including t
magnitudeevents within 12 weeks:

1. A severe windstorm akin to the infamous 15th October 1987 storm (87J), exacerbated by an increase
likelihood of sting jets (Manning et al., 2022), with a southern UK storm track.

2. Extreme, widespread flooding exceeding Desmond or Babet levels given a wetter future climate (De
2017; Matthews, 2018; Manning et al. 2024).

3. A major storm surge like that of storm Xavier (in 2013) but with a 0.6 m higher sea level, leading to c(
flooding exceeding the impact of the 1953 event in the National Risk Register (Bulgin et al., 2023; Pe
2023).

This scenario is realistic because ongoing climate changes make it more likely that multiple extreme events ¢
happen at the same time.

Box2.3 A plausible compound higimpact hot-dry summer scenario

Such a scenario would resemble the events of the extreme hot and dry summer 1976, a benchmark drought
National Risk Register (HM Government, 2023).

1. As climate change progresses, such a scenario increases in likelihood.

2. Extreme heat exceeding 40 °C for multiple days and prolonged days with high wildfire risk could be f
times more frequent (Kennedisser et al., 2022; Perry et al., 2022).

3. Inthis scenario many sustained and large wildfires in the UK are plausible due to abundant fuel and
levels of familiarity with this hazard.

4. Shrinkswell subsidence could affect 10% of properties (Harrison et al., 2020).

5. Following this, convective thunderstorms, akin to those in prestayt central Europe, could bring
widespread damage from large hailstones and sudaater flooding.

Flooding and saturated soils can readily follow prolonged drought and heatwaves, such asdmng siohmer of

2022 leading into the very wet winter of 2023, in the NAO+ conditions historically typical of such rapid transitions in
the UK(Parry, et al 2023a) Desiccated earth structures, such as reservoir dams and railway embankments, can be
severely weakened by prolonged dryness, only to be further stressed by saturation and heavy(rhfadls et al

2022) This type of higimpact extreme weather pattern transition is considered plaus{Bleell et al, 2025)and
highlights the potentially surprising nature of climatdated hazards.

2.3.6Climatechange andair quality in the UK

Both climate change and air quality issues are caused by anthropogenic emissions into the atm(iphe®@omes
et al,, 2023) They have important implications for human health and the environment, with health effects of air
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pollution occurring rapidly, whereas effects of climate change occur over longer timegskiéesha, Ghaffarpasand
and Pope, 2021)

Climate change causes increased temperatures, altered precipitation, and shifts in atmospheric circulation, all of
which influence the dispersion and chemistry of air pollution. For example, warmer conditions accelerate the
formation of groundlevel ozonewhile increased atmospheric stagnation can trap pollutants. Several air pollutants
are also climate forcing agents, such as particulate matter and ozone, hence air pollution can affect climate change
both positively and negatively depending on whethenytlaet as greenhouse gases or reflect radiation from the Earth.
For example, a recent stug$amset et al 2025)showed that the East Asian aerosol cleanup has likely contributed to
the recent acceleration in global warming.

Since 2020, evidence has strengthened that climate change is already affecting air quality in the UK. For example, in
recent hot summers, such as 2018 and 2022, ozone limits were exceeded, with increased health risks, particularly
during heatwaves. Obsergeand modelled increases in stagnation events suggest a higher likelihood of pollution
build-up under future climategHorton et al, 2014) Wildfires are an increasingly important source of air pollution as
they increase with climate change, both from UK fires due to hotter, drier summers and \defayetransport from
Europe and North AmerigBurke et al 2023)

Climate projections suggest the frequency and severity of air pollution episodes will increase, particularly for ozone
(Tran et al 2023) Future air pollution levels will depend strongly on emissions policy and technological change.
Multi-hazard air pollution and heat stress events are likely to become increasingly co(Bitiorann et a) 2021)

which will amplify health burdens.
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While the focus of this chapter is on the UK, here we discuss several aspects of global climate. Firstly, this covers the
large-scale drivers of UK climate to understand how they might change in future. Secondly, extremes of climate and
climate change betpexperienced globally are discussed. In some cases, these might have a direct impact on the UK,
for instance through supply chains affecting food or goods. In other cases, these can provide a pointer to what we
might expect in the UK as warming continu€Birdly, we discuss earth system tipping points, which are very-large
scale, often abrupt or irreversible changes in regional climate that, if they were to occur, would produce further
consequences for UK climate.

2.4.1Largescale drivers of UK climate variability and change

Headlines

i Recent evidence finds slightly higher surface windspeeds in the wider northern hemisphere in the w,
and a strengthening of the winter jet stream. However, it is unclear whether this is a consequence o
climate change or lorterm natural climate variaility (Medium confidence.

1 Projections of future North Atlantic conditions show an overall tendency towards more frequent wet
windy winters in the UK. However, climate models differ in the details of changes in frequency and
persistence Kedium confidence.

i Under continued global warming, largeale conditions will continue to cause an increase in the
frequency and severity of UK heat extremes and a decrease in the frequency and severity of winter
spells Highconfidencsq.

q An important gap remains in our understanding of the main causes for future changes of the North
Atlantic jet stream. Further evidence gaps stem from discrepancies between observed and modelle(
circulation changes and discrepancies between differentiets on future circulation changes and how
these impact weather and climate extremes.

Introduction

Direct warming from increases in the concentration of greenhouse gases is an important factor in UK climate change.
CKAa A& 2F0Sy NBFSNNBR (2 Fa GKS aiGKSNY2adRghanyesi® O2 Y LJ
atmospheric circulation, whiclve experience as weather, will be important.

¢CKS 'YQa 6SFGKSNIFYR OfAYFGS INB akKlFLISR o6& AydSNF OGA:
Atlantic. These combine to drive the North Atlantic jet stream, a band of enhanced westerly winds over the North
Atlantic region. The strength anasgitioning of the jet, in turn, has a major impact on the type of weather the UK
experiences.
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Several factors play a role in determining the characteristics of the jet and the weather the UK experiences, including:

1 Sea surface temperatures in the North Atlantic. Warm seas warm the air above them. As warm, moist air rises
above the sea, this can cause clouds to form, and if enough energy is transferred from the sea to the air,
storms can develop.

1 Spatial differences in sea surface temperature. The sea surface is not uniform in temperature; there are
warmer and colder areas. More energy is transferred to the atmosphere above the warmer regions. This
affects the weather. North Atlantic sea surfacengeratures are also influenced by the Atlantic Multidecadal
Oscillation, which is a natural cycle between warmer and cooler phases of the North Atlantic Ocean, each
lasting 2640 yearqSutton and Dong, 2012)

9 Arctic temperatures and sea ice coyBarnes and Screen, 2018} this influences the amount and position
of cold air north of the jet stream.

1 The behaviour of winds circulating high up in the stratosphere (the stratospheric polar vortex), up to 30 miles
(50 km) above the eart{Baldwin and Dunkerton, 2001A strong polar vortex favours a strong jet stream,
which potentially leads to shortdived, but more intense weather systems over the UK.

1 Convection causing warm air to rise over the tropical regions affects weather patterns and influences jet
stream shape in the mithtitudes.

1 A simplified description of typical atmospheric flow pattern is often framed in terms of the North Atlantic
Oscillation (NAO) and the East Atlantic (EA) patterns, which are the dominant patterns for weather and
climate in the UK. The NAO describes how vgiatierns over the North Atlantic change between linear west
east (zonal) flow and wavier (meridional) flow. The EA pattern is centred just west of the UK and is most
active in winter. When the EA is in a positive phase, it often brings high pressuthew#, which usually
leads to colder and drier weather in winter.

On top of those North Atlantic regional aspects, atmospheric signals in one part of the world communicate to other
regions via the propagation of atmospheric waves (¢igskins and Karoly, 198 Brominent examples are the

influence of the ElI Rb Southern Oscillation (ENSB¥nnimann, 20079r the Quasi Biennial Oscillation (e @rayet

al., 2018)from the tropics on weather in the UK. For example, ENSO can influence the NAO pattern and is ultimately
responsible for colder and drier winters in northern Europe and wetter weather in southern Europe in a positive ENSO
phase (during El Ro years).

Beyond those globato continentatscale influencing factors, the interaction of physical processes at regional to local
scales is also important for the UK. For examipleket al., (2004)showed that local to regional moisture deficits

enhance temperature maxima, which again reduce available moisture, thus producing a positive feedback loop. In the
UK, spring 2025 was extremely dry (up to 50% less than average rainfall), contributieg/émythvarm summer in

2025 (top 5%, according tdet Office, (20253)

Further important phenomena are szalled climate (or weather) whiplash eveii&wvainet al, 2018)as a warmer
atmosphere can absorb more moisture, e.g., by evaporation from the soil, the soils get drier while the amount of
moisture in the atmosphere may increase significantly. Once the atmosphere becomes unstable, rapid changes with
extreme rainfall enounts could be observed. Thus, a rapid shift between extreme dry conditions and heavy rainfall
with potential flood events may occur. These weather whiplash events are also connected to significant and abrupt
changes in the atmospheric circulation ovee thorth Atlantic and the UlErancis, Skific and Zobel, 2023)

Observedchanges

Atmospheric thermodynamic changes

Between 2011 and 2020, the Earth was 1.1 °C warmer than imgustrial times (185€.900), mainly due to human
activities (IPCC, 2021). This warming has caused an increase in heat extremes in most regions, including the UK and
Europe (Seneviratne et a2021)Cold spells in the UK happen less often and are not as severe (Kendon, M., et al.,
2024), which is also true in other parts of the wofBkneviratne et al. 2021).
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Over the last 40 years, the Arctic has warmed about four times faster than the global afReaganeret al., 2022)

CKA&G A& 1Yy26y a W NODGAO ! YL ATAOFGA2Y QY YR Ada OF dz
the sun back into spac#lelting sea ice reflects less sunlight, allowing more heat to be absorbed by the ocean. Clouds
also play a role by affecting how much heat enters and leaves the Arctic, which adds to the w&onstgyet al.,

2021)

Atmospheric circulation changes

CCRA3A TR concluded that while theories had been proposed for how climate change could affect the North Atlantic
jet stream and thus weather and climate over the UK, so far there was little observational evidence to support a
climate change signal was enging. Since CCRM TR, new evidence updates this view.

Atmospheric reconstructions using a blend of observational data and weather modelallgsd reanalyses) show a
recent strengthening of the winter jet stream (averaged around the entire Northern hemisphere) at altitudd< of 8
km above the surfacBNoollingset al,, 2023) In consequence, these datasets also show winter lower tropospheric
winds over the North Atlantic have strengthened since 1@@ckport and Fyfe, 202Xiowever, it is unclear
whether this is a consequence of climate change or slowly varying natural climate variability.

Futurechanges

Global climate models are core tools to understand and to project future climate changes. Since CCRAS3, there have
been advances in understanding model limitations in simulating North Atlantic atmospheric circulation. Global climate
models driven by histocal forcings struggle to reproduce the observed strengthening of the winter North Atlantic jet
stream (Blackport and Fyfe, 2022). Several hypotheses have been proposed to explain the discrepancy, including:

1 Climate models underestimate multidecadal variability in the winter North Atlantic atmospheric circulation
(Simpsoret al,, 2018)

9 Climate models struggle to capture observed sea surface temperature trends in the equatorial(RakshEt
al., 2022)which influence the North Atlantic jet stream blocking through teleconnecti@ieunget al.,
2022)

1 Climate models may underestimate the jet stream response to external climate fo(G8ngthet al., 2025)

There is currently no consensus on these mechanisms, and they are challenging to test given the relatively short
instrumental record. These limitations may impact on our ability to explain in detail how climate change will influence
all relevant climaticdctors over the North Atlantic and the UK.

Climate models also appear to underestimate observed trends in northwest European summer heat extremes
(Patterson, 2023; Vautaret al., 2023) in part because they underestimate the observed trend in summertime North
POEFYOGAO FGY2ELIKSNAO OA N dzbumdul L2hmanh anal BedBRnann, 12018sauhcl@dr S N
whether these summer circulation trends are a signal of climate change or due to internal climate variability.
CirculationRNRA @Sy KSIF gl @Sa YIe& +Fftaz2 06S I YLX A FreBRiryiagtrerid2 O f

in soil moistire (sectior2.3.1.1 on heat hazard).

The models used for seasortiatdecadal forecasting, which are similar to those used for climate projections,
underestimate the potential quality of mutnnual North Atlantic and UK climate forecasts in winter due to signral

noise errorgEadeet al, 2014; Smitret al., 2020) The reasons remain under investigation but include a poor
representation of teleconnections 2 Af €t Al YaX { OF AFS | y RThis @idnegnSimulaiion®cf h Q
future climate conditions need to be carefully analysed for biases and corrected or calibrated if needed. Nevertheless,
(Degenhardt, Leckebusch and Scaife, 2023, 2623y that seasonal forecasting models can now provide skilful
predictions of extreme windstorm frequency and intensity ahead of the winter season in the UK.
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Atmospheric thermodynamic changes

There is high confidence that all future greenhouse gas emissions scenarios considered by IPCC (2021) result in
increased global warming over the nelarm (20212040), mainly due to increased cumulative,@@issions in

nearly all considered GWLs. There is a projected increase in the frequency and severity of heatwaves across many
regions, including the UK and western Europe (Seneviratne et al., 2021). Atmospheric moisture is projected to
increase with warnmg (IPCC, 2021) due to an enhanced capacityeotimosphere to contain water vapour with

higher temperatures. This will lead to further intensification of the global water cycle, including its variability and
extremes.

Climate models robustly show stronger warming over land than sea under future climate change sdéeagbal.,
2021) including for the UK and Europe. This corresponds to larger warming trends where people live than for the
global mean trend.

Chenetal, (2022A RSY G AFTFASR (GKS 3ft26lf OKIFIy3aS Ay FTNBIjdzSyoe 27
an 80member multtimodel ensemble for a high GWL at the 2@irfe horizon. They find an increasing frequency of
these events mainly in several seamid regions of the globe, but also for the UK. For the latter, changes of abeut 20
30% are identified. While thermodynamical factors are mainly responsible, in specific regions circulation related
factors are also present.

Atmospheric circulation changes

As introduced in sectioB.3.3.1, changes in high atmosphere waves and the way they interact with the jet stream play
a major role in shaping weather patterns over the UK. At times when the waves interact with the jet stream such that
the ridges of the waves are enhanced, the usuest-east flow of wind can be obstructed for days or even weeks, a
LINEOSaad NBTFTSNNBR 2BB). &4 Wof201Ay3IQ o6aSOitAzy
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summer) or cold spells (in winter) under the block, and flooding either side of the block. This has caused many
examples of high impactweathd S@Sy G asx adzOK a gAy(iSNI O2fR aLlStfta A
YR adzYYSNJ KSFidigl@Sa tA1S GKS ! YQa FANRG NBO2-baR8R nn
transient) waves may occur, which lead to an incegbsuccession of lowressure systems over the UK, like in winter
2013/14. Those upperopospheric waves normally have a wavelength off®dongitudinal degrees (at 50N, roughly
3,5005,000 km) and need to be simulated correctly in any climate modeatistically simulate changes in related

weather circulation patterns at the surface. It is noted that CMIP6 models, for example, show improved blocking
locations in comparison to CMIP5 models but still suffer from biases in persistence and frequencqREC

Notably, during winter transient flow regimes, CMIP6 models still show-aaoal pathway for those transient waves
(IPCC, 2021).

On average, the CMIP6 models show weak +tiean changes (2022040) in Northern hemisphere midlatitude

circulation patterns, in all seasons and under all greenhouse gas scenarios considered in Lee et al., (2021). By the enc
of this century, CMIP6 modelba®@w a tendency to a more positive NAike flow pattern (thus more zonal, with

transient waves) in all seasons exceptsummé I A YA | YR 5 Q! ¢tRIND21 N et a,202T; Cl 0 A I
Dorringtonet al.,, 2022; Popet al., 2022)

Such changes imply more frequent wet and windy winters in the UK. However, climate models differ in their
guantitative details of changes in frequency and persistence (Dorrington et al., 2022), meaning uncertainty remains in
the future likelihood of regime associated with extreme weather events. In summer, climate models project an
increase in anticyclonic (high pressure) circulation west of the UK in August, relevant for western and central
European droughfRousiet al,, 2021) leading to more frequent dry and hot conditions also in the UK.
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Francis et al. (2023) conclude that weather whiplash events in the North Atlantic/European region, including the UK,
are likely to increase in frequency by the end of the century under a high greenhouse gas emission scenario
equivalent to a global warmirigvel of 3.0 °C.

2.4.2 Global climate changes with relevance to the UK

There have been global increases in the intensity and frequency of heavy rainfall, heatwave and drg

events, and in the intensity of tropical cyclone windspeédigltconfidencg.

The above trends are expected to continue, alongside increased risks of intense Hagiusohfidency.

Capacity for rapid attribution of observed events to anthropogenic climate change, large observatior
datasets, and development of higher resolution simulations have built confidence in the atighe (

Headlines
1
1
1
confidencs.
1

Largescale circulation patterns influence global rainfall patterns and regional weather, driving

uncertainties in some regional hazards. Higher resolution simulations improve representation of pro

such as heavy rainfall and tropical cyclones, bytrowements to land models are still needed.

This section has two parts. First it looks at climate change beyond the UK which might impact indirectly on the UK, for

instance through the impact on global food production. Second it looks at events in the global climate outside the UK

that might provideanalogues of what we might need to prepare for in the UK in future.

HabH Om @O NBS Of AYFOS OKIy3aSa
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This section considers the hazards relating to global changes in precipitation, temperature and wind. For the latter,

the focus here is on tropical cyclones; for European windstormsesg#i®mn 2.3.3.1. The table below identifies which

risks this hazard is particularly (but not exclusively) relevant to.

Risks affected

Health and Built Environment | Land, Natureand Infrastructure Economy
Wellbeing Food
H4, H5 N10 11, 12,14,17 E1l, E2, E3, E5, E7|
Introduction

Severe internationally occurring events such as floods, droughts, heatwaves and extreme storms may impact UK risks
via a variety of pathways, including food availabiliycin, Veldkamp and Hunink, 202ttade and shippin¢Freeman

et al, 2024) disease transmissiqi®emenza and Paz, 2024hd displacement of people and humanitarian
emergenciegHermans and McLeman, 202This section summarises some changes in global climate hazards that
aSOdzNA G &=

YI& | O

|.
manufacturing, Europe and Africa for food imports. For further detail, reféPCC reports.

~

a

aK201 a

Observed change
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By combining large datasets and improving methods, it is now faster to diagnose any link between recent weather
events and humataused climate change.
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Heavy rainfall:Studies indicate an increasing risk of heavy rainfall events, driven by anthropogenic climate change.
Events such as the heavy rainfall affecting Spain in October 2024 are estimated to have doubled in likelihood and
increased in intensity by 120é/orld Weather Attribution, 2024)The peak intensity of shaduration (e.g., hourly)
precipitation is increasing at the fastest rates (eFgwleret al, 2021)

Flooding:In regions where soils are drying, e.g., Southern Europe, flood magnitudes have decreased; where soil
moisture is increasing, e.g., Northern Europe, flood magnitudes have incré&'sesttoet al., 2021) Very heavy

rainfall is driving increases in the rarest, strongest floods regardless of soil m¢Bautelaet al., 2021; Wasket al,,
2021)

Drought Summertime drought intensity has increased in Western North America, Australia, Southern Europe,
Eastern, Central and Southern Africa and parts of South Anm&ficanteSerrancet al., 2022) There is agreement
that changes result from warming over land, which drives increased evaporation, wittid@nalso playing a role in
some regions. Droughelated European cereal losses are estimated to have increased at 3%/yr over the past 50
years(Braset al., 2021)

Heat Most regions on the globe show a significant increase in extreme heat (IPCC, 2021). Observations and models
indicate that heatwaves can coincide in important regions to global food supply due to connections in atmospheric
patterns(Meehlet al,, 2022) The frequency of drougHteatwave events is increasing globally, with the fastest
increases seen in leimcome regions including Africa and East A8leang, Wang and Slater, 202djiving

humanitarian and agricultural risks.

Wind: Observations and model simulations show decreasing tropical cyclone frequency but increased windspeed
intensity and intensification rates (e.gcamargaet al, 2023) and a shift polewar@Studholmeet al., 2022)and

towards coastal region@Vang and Toumi, 2021 he latter implies increased risk to populous regions. Recent work
suggests that intense tropical cyclones are occurring earlier in the year, which may increase likelihood of events
coinciding with other types of heavy rainfall eve(Bhanret al,, 2023)

Future change

Temperature and rainfall are expected to change as the planet warms. The Arctic will warm the mobefealdiet

al., 2021)and some areas, like the tropical Pacific and Arabian sea, will get wetter. Other areas, like subtropical
regions, the Mediterranean and southern Europe, may get drier. This leads to a potential food production risk for the
UK. Stronger tropical stormseaalso expected. At a GWL of 2.0 °C for the late 21st century, tropical cyclone lifetime
maximum windspeeds are expected to increase by 5% (raridg4d), with an additional 13% of storms reaching very
intense levelgKnutsonret al., 2020)

A major advancesince CCRA3 ¢w Kl a 0SSy GKS LINRPRdAzOGA2Y 2F | ANRGA
LISNY¥AGGAY3IQ Y2RSE aAvydzZ FiA2yad gAGK NBaztdzZiazya 2F S
power. These simulations reselgmalscale processes such as convection, reducing model uncertainties.

Heavy rainfall:Highintensity events are expected to increase in many regions, with reduced moderate and light
rainfall, such that future climates support increases in both flood and drought (Fowler et al., 2021). Convection
permitting simulations over Western Europe icate that the most extreme short duration events increase at
approximately 1614% per °C, (e.g., 281% at a GWL of 2 °C, during the 2050s for a central scenario) likely leading to
increased flood risk_enderinket al.,, 2021)

Flooding:Floods that historically occurred every 50 years are expected to occur with increasing frequency, e.g., every
36 years at a GWL of 1.5 °C (2030s for a central scenario), and even more frequently for warmer climates. These affec
regions of UK sensitivitpif food production, e.g., Northern Europe, and manufacturing/trade, e.g., GHinanget

al., 2024) Flood return periods are shorter for the same global warming level achieved under higher emissions
scenarios.

CCRA4ATechnical Reportstate of the Climate 10¢



Drought: Studies agree on an increased likelihood of drought over much of South and Central America, the Middle
East and North Africa, southern Europe, and southern Australia, with severity and duration increasing with global
mean temperaturgDouvilleet al., 2021) Economic impacts of drought, e.g., on crop production, are projected to
worsen in a warmer climattNaumanret al, 2021)

Heat: Global projections indicate a further increase in the frequency and intensity of extreme heat (IPCC, 2021).
Dangerous levels of heat that are extremely rare today will become possible across several regions in the tropics.
Estimates suggest the global pdation exposed to severe heat stress annually would increase to 20% at a GWL of
1.5°C (2030s for a central scenario), 30% at a GWL of 2 °C (2050s central, 2030s high scenario), and over 50% at a
GWL of 3 °C (2080s high scenaffychetet al., 2022) The frequency and intensity of crop growing season

heatwaves increases in models, particularly at a GWL of 2 °C, with Asia, North America and Europe most affected
(Chen, Zhang and Zhou, 2024)

Wind: Poleward shifts of tropical cyclone regions are expe¢té@nd Zhou, 2024The speed with which tropical
cyclone storm systems move from one place to another is projected to decrease, leading to longer exposure of
locations to wind and rain (Camargo et al., 2023). Future changes in how often tropical cyclones occur ar@uncertai
The intensity of tropical cyclone windspeed is expected to increase in a warming climate (Camargo et al., 2023).
Increased tropical cyclone intensity is projected to drive increased storm surges affecting a larger coastal area,
including key manufactung and shipping regions in East and Southeast(Agiget al., 2023; M. Wooctt al., 2023)

HdmH dH 9EGNBYS OtAYFGS S@SyGa | NBdzyl
FyIt23dz258a 2F FdzidzNB 'Y S@Sy(a

Recently, since CCRESTR, significant and devastating extreme weather events have occurred across the world. In
this section, we discuss three unprecedented extreme events which did not directly impact the UK but are examples
of extreme weather now po#sle in our warmer climate, which is already significantly influenced by climate change.
Studies support the notion that they are harbingers of extreme weather in future climates (known at least since e.g.,
Scharet al, 2004 Fink et al., 2004), given futures of medium to higid GWLs to the end or the mid of this century,
respectively.

These extreme events cannot be transferred @aene to the weather and climate of the UK. As we have discussed
above, the weather and its variability in the UK are highly variable for multiple reasons. Nearly all of them will be
influenced by climate chrege. But we can use the study of those events to inform about potential magnitudes of
events to come, and to inform necessary and important disaster risk and reduction efforts, before or in the aftermath
of such extreme events. With increasing evidencelinfiate change impacts being realised in the present day, we
cannot exclude the occurrence of respectively equivalent events with comparable magnitude for the UK.
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Box2.4 The PacifieNorthwest Heatwave, June 2021

This heatwave began in late June 2021, in response to a strongiggsure system and advection and lasgpale
sinking of airmasses originating from the tropics (White et al., 2023). Temperatures brokesathaximum
temperature records by morethan5c / = | Y R N&B I Qikn& Ganadiamdecord; measurkdyin the todvn g
Lytton. Warnings of extreme heat events being possible originated both frorseagonal forecasts and weather
forecasts. Nevertheless, due to its extreme magnitude, the heatvwawused severe consequences. It led to hund
of attributable deaths across the Pacific Northwest, caused spikes in hospital visits and caused severe impag
marine life (Fleishman et al. 2025). It also led to a wildfire which burnt down the towwyttoh shortly after this
26y ONB1S GKS /I YylFRAFY GSYLISNI (i dREK I NESARYA:! £ 0F
breaks records by large margins, (Fischer et al., 2021)), the event was so unprecedented that it was not ara§
physically possible if estimating return periods of annual maximum daily maximum temperature using a Geng
Extreme Value distribution (e.g., Bartusek et al., 2022). A rapid attribution analysis supports this view and co
that this event was vittally impossible without human influences (Philip et al., 2022). Events of such severe
magnitude have the potential to surprise populations and esteslllenge adaptation as it far exceeds previous
records.

a Temperature (2 m) anomaly, 25 June to 3 July 2021
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Fig. 3.3.1: Timing, location and magnitude of the PNW heatwave in 2021. Figure from Bertals€k021; their figure 1a)

CAAOKSNI S Ifd 6nHnum0O RSY2YaiNI GS G&KKIGG GISKNS yLINR 0S¢
climate states depends on warming rate, rather than global warming level, and is thus padbpeydent. They als
highlight the role of adturbed and abnormal atmospheric circulation. They found that siowd fastmoving
components of the atmospheric circulation interacted, along with regional soil moisture deficiency, to trigger t
extraordinary heat event (five times larger than tharsiiard deviation).

Thompson et al. (2022) conclude that many regions could see events that break records by large margins wh
cause severe consequences there as well. A storyline hindcast analysis byHiekegset al. (2022) highlights that
this was a very rare ewnt, with the unusual circulation explaining most of the extreme temperatures, which wol
have been about 1C less extreme without anthropogenic warming.
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Box2.5 Ahr-floods in Germany, July 2021

From 12'-15" of July, severe rain occurred over Western Europe due to theislowng low pressure system Berr
falling on already wet soils. Between 12 and 19 July 2021, thelessure system resulted in extreme rainfall of
Y2NB GKFY wmMpn YY A Y023)mboit Bvdimdes thie a®dodd diili maxinum average in July
Tradowsky et al., 2023). According to Kreibich et al. (2022) and Rhein and Kreibich (2025), this led to unpreg
flash floods, killing 184 people in Germany (134 in the Aley, Roggenkamp et al., 2024), in addition to extensi
damage to buildings, long term power outages and economic losses of around 33 billion EUR (Kron et al., 20
Munich Re, 2022). The German association of insurance industry (GDV) estimates ossegavbrth about8.7
billion (GDV, 2024). Several days before storm Bernd hit western Europe, the European Flood Awareness Sy
(EFAS) accurately predicted severe risk of flooding and issued a notification to the German authorities (Trad
al., 2023). This triggered a flood warning for major rivers but small rivers like the Ahr were not sufficiently con
¢NI R2galée S fd 6HAHOD ézyétuﬁé ayzid Lttt SELRA&S

the warningswere notal @ & dzy RSNE (2 2R YR FOGSR dzZlRRyé d ¢KAaA
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Figure 3.3.3: Accumulated precipitation over 48 h (left) and accumulated over each of the individual days of the exfigitaigrec
event (middle and right). Data source: Extend€dBS dataset. Copyright of Fig.: DWD. Fitakenfrom Tradowskyet al (2023, their
figure 2).

Based on rainfall data, a probabilistic event attribution conducted by World Weather attribution indicates that
accumulations in the Ahr, Erft and Meuse catchment exceeded previous observed records, as did discharge
the rivers. Howeverthe small spatial scale and estimate far outside previous records challenges robust event
attribution based on observed extreme events. Thus, World Weather Attribution focused on rainfall over a lar
Western European area that encompasses the river cagetis (Tradowsky et al., 2023). The analysis estimated
observed rainfall event to have about a 49€ar return period, and that compared to preindustrial conditions (1.
lower global mean temperature)-day extreme rainfall event intensity has ady increased by-39%, thus
substantially enhancing the probability of a severe wet event. The likelihood of such an event occurring today
compared to a 1.2 °C cooler climate was estimated to be enhanced betweértiin2s, depending on analysis
method and considering uncertainties. This is in line with a warmer atmosphere raining out more moisture un
suitable conditions. However, comparing the observed flood levels in the Ahr valley to earlier periods, Rogge
al. (2024) estimate that floods efmilar magnitude occurred before, most similarly in 1804, emphasizing the va
considering past extreme events. This example highlights the risk from a combination of factors exacerbating
levels, from saturated soils to very extreme rainfall @dmed with lack of preparedness and insufficient response
which needs to be considered for adaptation to intensifying extreme events.
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Box2.6 ValenciaFlood in Spain, October 2024

The province of Valencia in Spain was hit by unprecedented rainfall amounts in autumn 2024. According to R
al. (2024), within 24 hours on the 2®f October, 630 mm of rain (equivalent to 630 litres per square metre)
recorded in Turis. In Chiva, some 10 km north, 491 mm rain fell in just eight hours. At many locations across th
intense rainfall exceeding 300 mm within 24 hours wamrted by AEMET (Spanish Meteorological Agency; e.g.
et al., 2025), which caused widespreaabfling. To give context to these rainfall amounts, the previous maximun
rainfall at Valencia airport in October was recorded énCit 1971 at 186.9 mm, according to AEMET. Using r
observations from approximately 225 personal weather stations-flost commercial devices primarily operateg
citizens) Rombeek et al. (2025) identified two bursts of extreme rainfall leadiadfitst flood wave in the Marg
catchment triggered by about 180 mm of rain in a few hours. While this flood wave gaitgzhdownstream, a seco
extreme rainfall event amplified the overall event and likely contributed to the devastating consequences. Relg
floods killed over 200 people and interrupted the water and electricity supply for hundreds of thousatiuz
provinces of Valencia and Castelldn, as well as in Malaga (Andalusia) and Albacetel(€adtiiaha).

In the western Mediterranean, severe rainfall and flooding events are often triggereddsllsd cutoff lows, pocket
of cold air aloft in consequence of the meandering taiitude wave pattern. This cold air aloft, together with wa
and moist air ovethe western Mediterranean closer to the surface, destabilises the atmosphere and allow
amounts of rain to be triggered. In the context of climate change, it is important to note that a warmer atmg
can hold more moisture and by every degrde@mperature increase, the amount of moisture saturated air to

increases by ca. 7%. Faranda et al. (2025) conclude thaffdatvs that cause floods in southeastern Spain are

7 mm/day (an increase of up to 15%) wetter over the Mediterranezast of Spain in the present than they wqg
have been in the past without human influences on climate.

600w 000" FIGURE 2 GSMaP is a product of the
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Figure 3.3.5: Rainfall over Spain, 291101.2024; from Amiet al.,(2025); their Figure 2.

World Weather Attribution (WWA) published a rapid assessment in the aftermath of the event (WWA, 2024).
not make full use of climate model simulations formally used to quantify the anthropogenic climate influence of
events; their resultsi@ based on observations only. By analysing three observationaltdéomgrainfall datasets, the
02y Of dzRS (i-day rdinfall &vSnits a8 intense as the one observed, are about 12% more intense ar
G6AO0S a tA1Ste AW3 G @aRiertdit wodldihee be®rEin thekcboler phe@dustrial cl
without humanO | dza SR ¢ NYAy3Idé wSadzZ GAy3 SadAayridisSa 2F LI
during this event are highly uncertain, but include e.g., the RamdblPoyo catchment at 1 in 900 years. WWA (4
FAdNIKSNJ adldSa GKIG a2@0SNJ GKS LI &l -DecembelsBdsdiin Eentrals
southeastern Spain have increased significantly with global warming, approximatelyindoirbl likelihood an
SljdA @t Syite AYyONBlFraAy3d Ay AyaSyairie oe wmu: dé
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2.4.3 Tippingpoints in the global climate system

Headlines

1 With global warming breaching 1°€and 2°C above préndustrial levelsthe risk of crossing tipping
points increasesMedium confidencg.

i Crossing some tipping points would impact the UK directly, through changes in climate or accelerati
level rise, while others could impact on global food systems and migration with indirect impacts on tl
(Medium confidenc@. The impacts could take between years and centuries to deykempconfidencsd.

1 Since CCRABA TRthis risk has increased, due to increased global warming. At the same time, new
research on tipping points becomes availalilew confidence.

i Confidence in risk from tipping points and the warming level at which they become more likely rema]
low due to limitations in process understanding, modelling and evidence from past climates and due|
very limited assessment of impacts.

This section considers tipping points of the global climate system. Tipping points could cause changes that occur
faster than expected from the pace of global warming or are irreversible on human timescales.

Introduction

Tipping points are defined as critical thresholds beyond which the climate system reorganises, often abruptly and/or
irreversibly(Lentonet al., 2008; Chemt al,, 2021) on global or large regional scales. Examples include changes in
ocean circulation, accelerated ice sheet collapse, or collapse or substantial shift in forest systems. While the concept
of tipping points is intuitive, its definition is vague, hence somsier it not usefu(Koppet al.,, 2025) A clearer

definition would specify characteristics of tipping dynamics, such as changes that, once triggered, are sustained or
selfamplifying, and/or irreversible and/or rapid compared to the pace of global warming and the timescale at which a
system clanges normally. It is also important to quantify the timescales of tipping. Once a critical threshold has been
crossed, the resulting committed climate change may take years, decades, or even centuries to fully materialise.

Past climates have shown that tipping events such as rapid changes in ocean circulation are possible, yet there is large
uncertainty at what warming levels and rates of warming tipping dynamics may be triggered in the future. The
capability of climate mods to capture processes involved in tipping is also highly uncertain, as it requires interactions
that are not well resolved or represented in models (for example, input of freshwater from melting ice, or vegetation
dieback and fire caused by drought arehl). Despite this, the latest generation of earth system models can provide
useful insight into tipping dynamics involving the ocean, such as changes in circulation and sea ice, and the land
surface, such as changes in forests. Where the models do notghetle the necessary processes, insight can be

gained by driving other, saalled offline models, for instance for ice sheet changes and permafrost carbon release.

Recent review papers highlight that the risk of tipping events can be reduced by limiting warming to bei@wv 1.5
(Armstrong McKagt al.,, 2022 see also table), although the high uncertainty in tipping dynamics makes it difficult to
aim mitigation efforts specifically to address them (Kopp et al., 2025). Recent literature also highlights the need for
improved process understanding and monitor{iegg.,Wanget al., 2023) Despite their high uncertainty, tipping

points are discussed here due to their ability to cause severe impacts, although these are presently not well
understood and there is substantial further research need.

Some tipping points could affect the UK directly, such as a collapse or substantial reduction of the Atlantic Meridional
Overturning Circulation (AMOC) or Sub Polar Gyre (SPG) circulation, which would cool the UK relative to the rest of
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the world. Tipping points in ice sheefmarticularly in Antarctica, could cause a faster rise in sea level than projected
otherwise (see sectio.3.4). Triggering tipping dynamics could also cause global impacts that could affect the UK
indirectly, for example through changes in livelihoods of fishing communities following collapse of warmwater coral
ecosystems, or of land abandonment due to se@leise (see overview in Tal#2e3); although these are presently

not well understood.

Examples of tipping points are shown in fig@ré6 below and discussed in several recent review paffarastrong
McKayet al., 2022; Lentoret al,, 2023; Wangt al.,, 2023)

1 Collapse of the ocean currents of the Atlantic Meridional overturning circulation (AMOC), and a related
collapse of the Sub Polar Gyre: AMOC collapse would cool the North Atlantic sector relative to the rest of the
planet and change global weather patterd@scollapse or shift of the AMOC has been observed in past
climates and occurs in climate models when large amounts of fresh water interrupt the sinking of very saline
water, but how much fresh water is required for this collapse varies between linesderee and between
climate models. Current (CMIP6) climate models suggest that the AMOC will weaken over the 21st century
but not collapse completely (IPCC, 2021). A recent gfBdier, J.Aet al., 2025)identifies physical
mechanisms that underly that stability. However, another recent study of CMIP6 m@igfhoutet al,,
2025)shows that on longer timescales (to the year 2300) the AMOC could reach very weak values. A severe
reduction or collapse of the AMOC would affect the UK, as it is in relatively close proximity to the North
Atlantic and close to the most intense coolingaassociated with an AMOC shutdown or severe reduction.
The detailed impacts would depend on the background level of global warming at the time of the weakening;
this topic is currently underesearched, but several studies are in progress. AMOC collapdd also
change the pattern of sea level rise compared to scenarios without it and affect weather patterns including
rainfall. Shutdown of convection in the SPG may substantially reduce the productivity of the North Atlantic
Ocean ecosysterfiKellyet al., 2025)

1 Collapse of the Amazon rainforest, or its transition to a seasonally dry or less forested state, driven by a
combination of enhanced drought stress and deforestation: Amazon collapse would reduce carbon uptake by
the forest and with it the carbon budgetpd could also change how water is cycled back to the atmosphere.
This could change rain availability downstream with possible consequences forwidpicainfall patterns
with possible impacts on food production across the tropics. Publications higtiietrdeforestation,
particularly in the South, could decrease forest resiliefi@gpolaet al., 2023)

9 Accelerated collapse of major ice sheets, both in Greenland and Antarctica by tipping dynamics in ice sheets:
The most significant effect across the UK would occur in response to Antarctic ice sheet tipping, for example
significant loss of the West Antaictice shee{Bamberet al., 2009)due to gravitational pull effects (see
section2.3.4). The resulting sdavel rise over coming centuries would be considerably higher than without
the accelerated loss of the ice sheets, although the full effect would still take centuries or more to be
realised.

1 Shifts in the boreal foregiWanget al., 2023)could impact how much solar radiation the Earth absorbs, while
permafrost thaw could have consequences for regional water cycles and the global carbon budget if this
causes significant methane release.

Many changes associated with tipping points can be of global or at least subcontinental significance (see Armstrong
McKay et al., 2022). However, even regional tipping points could cause impacts that affect the UK, e.g., through
disruptions of food systenwr agriculture which could contribute to political instability and migration, although these
links are poorly understood. Once tipping points have been crossed, changes may not be ref¢nsildiémate

forcing is later reduced to below the criticaltd for tipping(Lentonet al., 2023) It is also possible that overshoots

above climate targets may be short enough to avoid triggering some tipping pointdRigchieet al, 2023) a topic

where there is substantial uncertainty and ongoing research at present.

Lastly, triggering tipping dynamics may cause cascading effects into the climate system, potentially destabilizing other
regions, but those connections are highly uncertain. For instance, a collapse in the AMOC may increase the risk to
parts of the Amazoforest if the rain belt moves southward, although this is presently poorly understood. The

likelihood of Amazon collapse increases if considering deforestationl(epplaet al, 2023; Florest al., 2024)
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Many ideas and concepts around tipping points are being explored in ongoing climate model experiments
(Winkelmanret al.,, 2025)

The topic of tipping points has been received significant attention since GBRABwith multiple reviews published
and underway, but significant uncertainty remaining. Tipping points may cause high impact outcomes from climate
change and stretch limits to adaptation, even if their probability is presently difficult to estimate, aliremme of

them are more likely to occur far in the future.
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Figure2.14 The location of climate tipping elements in the cryosphere (blue), biosphere (green), and ocean/atmosphere (orange; figure
from Armstrong McKay, 2022). There is also an estimate of global warming levels at which these tipping points have tesidd)/pot

occur below 2C(light orange, circlespetween 2 and 4 °C, i.e., accessible with current policies (orange, diamonds); and at or above 4 °C
(red, triangles). Note that many of these estimates are presently highly uncertain.

Observedchange

Observations support concerns about global tipping elements, and there is evidence that tipping dynamics occurred in
past climates. Some studies have used proxy indicators of past AMOC change, along with simple dynamical systems
ideas, to suggest that theMOC may be getting closer to a tipping point (Bgers, 2021; Ditlevsen and Ditlevsen,

2023) However, uncertainties in both the proxies and the dynamical warning indicators mean that any predictions of
tipping time are subject to huge uncertainty (e BenYamiet al, 2024) While the Amazon rainforest is not yet

severely vulnerable to climate change alone (Armstrong McKay et al., 2022), analysis of its forest ecosystem highlights
its degraded state due to increased drought and increasing deforestation. Coral ecosysterhedraugcreasingly

frequently bleached during marine heatwaves (see revie{Rmmanotet al, 2025) Mountain glaciers in many

regions are in strong retregFoxKemperet al., 2021)and are already affecting flood risk and water availability for

large populations depending on them.

Observations show substantial loss of Arctic sea ice over recent decades, and this is expected to continue into the 21s
century. While sea ice change is reversible when global warming re(My@esyet al., 2023) impacts on Arctic
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ecosystems may not be. There is also scientific debate as to what extent regional sea ice loss could have important
impacts on weather patterns and with that, affect the UK weather and weather hazards.

Futurechange

As global warming continues, the likelihood of triggering tipping dynamics increases. Even at present warming levels
and15/ 3Af 206l f Gl NX¥AYy3IZ &aSOSNIf aeaidasSva GKFdG Y& 0SS LINE
expert assessments (Tal#le3), and there are some signals in observations as discussed above. As the threshold
forcing (e.g., warming level) is approached, tipping can be induced by internal climate variability, even before the
theoretical threshold has been reached, meaning thadiction of the timing of tipping can be particularly
challengingRomanotet al,, 2023; Giet al, 2024) The rate of future warming is also important, as some research
suggests that rapid warming can trigger tipping dynamics even before the critical level has been (Aatihadet

al., 2012)

It is worth mentioning that climate models used in UKCP18, which provides the climate projections that underpin
many studies of climate risk used in CCIRAZIR, do include the capability to simulate some types of tipping points or
other largescale shiftsn the climate system. In particular, they can simulate changes in the Atlantic ocean

overturning circulation (AMOC), but there remain concerns that the generation of models used might be too stable. In
detail, the versions of the climate models used toyide high spatial resolution information in UKCP18 do not

include detailed ice sheet or carbon cycle components directly so cannot simulate tipping points including these
elements. Alongside the projections in UKCP18, a storyline of acceleratéeledse was provided drawing on a

range of information including climate and ice sheet models, paleo observations and physical reasoning. Additional
simulations are available from the wider modelling community that artificially trigger tipping points in tarde

investigate their consequences.

Table2.8: Examples of tipping elements with néarm tipping potential. Global warming level estimates and examples are taken from
(Armstrong McKagt al.,2022; Ritchiest al.,2023)and are there based on expert assessment. Estimates and their uncertainties are poorly
known and recent work has revised some estimates. Note also that some examples from Armstrong McKay et al. (2022)watechot inc
here either due to 1) uncertaintytifey are affected by tipping dynamics, 2) estimates that likelihood of triggering them is low for warming
levels near Paris targets, or 3) due to unclear links to the UK. Only lower and upper confidence limit of triggerimlytigpiicg are given

to reflect deep uncertainty, which renders central estimate particularly uncertain; and confidence levels are evolving andgeayitthan
further research.

Minimum/maximum
estimate of global warming

Tipping element Potential impact on UK
(note low confidence

throughout)

Timing of impacts relative
to committed tipping
(estimate, uncertain)

trigger level; relative
confidence (from Armstrong
McKay et al. (2022))

AMOC collapse or
substantial reduction

1.4 to 8 °C; Low

Direct impact on seasonal
climate in UK projected,
including colder winters
relative to global warming
(Van Westeret al., 2025)
and precipitation changes
with impacts on agriculture
(Ritchieet al., 2020)

Depending on forcing leve
and freshwater forcing
estimated after latter half
of 21st century. AMOC
collapse would likely occu
over at least a few decade
after the TP is crossed
(Jackson and Wood, 2018

Subpolar gyre
collapse/reduction

1.1-3.8 °C; Medium

Linked to AMOC collapse
with similar, but lower
amplitude potential impacts
(Swingedouvet al,, 2021;
Menaryet al., 2025)

5 years to several decade
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West Antarctic ice
sheet collapse

1.0to 3.0 °C; High

Increased and more rapid
sea level rise

Long (multicentury to
thousands of years)
timeline even after tipping
dynamics has started (low
confidence)

Greenland ice sheet
collapse

0.8 t0 3.0 °C; High

Increased sea level rise
globally but less impact on
UK due to gravitational
effects; changes in
atmospheric circulation

Long (thousands of years)
low confidence

Alpine glaciers

1.5 to 3.0 °C; Medium

Indirect impacts may occur
through impact on water
availability / flooding for
billions of people

Changes from high runoff
while glaciers melt to
reduced availability afteg
decades to centuries

Warm water coral
Reefs

1.0-1.5 °C; High

Indirect impacts may occur
through impacts on local
livelihoods and on global
biodiversity

Estimated around a
decade; severe bleaching
events are observed

Amazon rainforest

2.0t0 6.0°C; Low

May occur at lower warming
levels when considering
deforestation

Impact through global
carbon budget; possibly als
on water availability in other
tropical regions, which may
affect food production and
biodiversity in those regions

50 years to centuries, low
confidence

Boreal permafrost
abrupt thaw

1.0-2.3°C; Medium

Local trigger temperature
may be reached at different
times at different locations

Impact through global
carbon budget by increase
in greenhouse gases;
particularly if collapse
occurs (projected at-8 °C)
uncertain magnitude

Some carbon may be
already released, but
release of permafrost
carbon can take centuries
and beyond

Boreal forest
Southward
retraction,
Northward advance

1.4 to 50°C; Low

Impact on carbon budget
and feedback on warming;
fire emissions

Highly uncertain, some
changes may be already
underway

As the literature is evolving quickly, there are some conflicting views emerging around tipping points. For example,
when considering slowdown or collapse of the AMOC, Ditlevsen and Ditlevsen (2023) estimate a collapse of the
AMOC could occur around midst century, although the emission scenario they assume is unclear and stated as
Gdzy RSN I OdzNNByYy G &aO0SyFNA2 2F FdzidaNE SYAadA2yaédad ¢KSAI
an observed proxy derived from searface temperaturesA number of articles have questioned both the statistical
framing and the suitability of the proxy for AMOC strength, as well as some technical aspects of the methodology (see
for exampleBenYamiet al,, 2024; Terhaar, Vogt and Foukal, 20Z3her indicators have also been suggested, e.g.

van Westen et al. (2024), which might offer progress in early warning of tipping eizeijfisout et al., (2025)focus

on physical mechanisms during an AMOC slowdown and find that the risk of a northern AMOC shutdown is greater in
the current generation of climate models than previously thought but note that under slowly changing forcing the
decline would be expecteover 50100 years, and so may not been seen in model experiments that stop at 2100.
These contributions must be tensioned with other recent work, such as Baker J.A. et al. (2025) who recently identify
an AMOC resilience to extreme greenhouse gas anchMtantic freshwater forcings because of the stabilising

effect of the Southern Ocean upwelling, which can balance the downwelling in the Pacific and Atlantic.

Consequently, estimates vary strongly in the literature as to at which global warming levels tipping dynamics may be
triggered. Resolving these uncertainties will take time, as climate models miss processes that simulate key
mechanisms. In some cases (eAMOC) the impacts of the tipping event may be strongly dependent on the
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background global warming level. There are large uncertainties and contradictory estimates in the scientific literature
on if and at what global warming levels tipping may occur, hence the valtakl@®.8 based on one publication

should be treated with caution. It is possible that some systems may be already close to tipping or may even have
already crossed the threshold, which would lead to committed changes that play out over the following decades to
centuries(Chandleret al., 2025; Drijfhoutet al, 2025) Scientific evidence suggests that triggering tipping dynamics
increases the impacts of climate change and makes adaptation more difficult as some tipping events, such as AMOC
substantial weakening or collapse may change expected climate change ovef tredith it adaptation needs.
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Since CCRAA TR, climate research has made significant advances globally and provides new and better insight into
key aspects of the weather and climate of the UK. Research advances have focussed on addressing a number of key
known limitations and uncedinties. For UK climate change, this has particularly seen improved representation of

high impact weather and climate extremes. This has been achieved through improved resolution of the models,
allowing for more adequate representation of the meteorologyl @hysical processes that underlie a number of key
climate hazards, such as intense rainfall. Alongside these modelling improvements advances have been made in
methodologies for analysis, such as development of storyline approaches which have suppgpdetratevant
assessments of climate hazards. In this section a number of key advances sincé/ ACURAR summarised, as are

the remaining key capability gaps in climate science to be further developed looking toward CCRAXS9 baliey

goes on to smmarise current climate modelling capabilities and limitations.

Key advances since CCRIA3TR:

1 The UK Climate Projections service UKCP Local has improved representation of local stafmbigh
weather events, such as intense rainfall, through a set of-tégblution simulations.

1 UKCP Local now hsisnulations that run from the year 1981 through to 2080 continuously. The
continuous 106year data sets offer new insights about how variable local climates can be (Kendon,
al., 2023) and also allow UKCP Local to be used in a Global Warming Wévelré&ework.

9 Additional model simulations in UKCP now allow assessment of a range of possible outcomes. This
improved understanding of uncertainties in climate projections, and permits evaluation of present a
future climate hazards

1 Application of the UNSEEN methodology and Extreme Event Attribution have furthered our assessi
extremes for the UK including rate of change in extreme temperatures (Kay, G., et al. 2025) and stq
hazards (Kew et ak024).

1 Development of storyline approaches for assessing risks from climate extremes has improved our
understanding of potential consequences of climate chai@epherd et al. 2018, Harvey et al., 2023,
Arnell, 2024; Palmer et al., 2024).

1 Further improvements of historical observational datasets of the UK through the digitisation of archi
collections, particularly for ¥century rainfall.

1 Large ensemble international modelling efforts are targeting uncertainties around individual climate
forcings (Large Ensemble Single Forcing Model Intercomparison, LESFMIP, Smith et al. 2022) and
representing internal climate variability and extremes (&indodel Initiatlcondition Large Ensembile,
SMILE, Maher et aR021.

1 Regional Environmental Prediction modelling (Lewis et al. 2019) moves toward integrated environn
prediction at kmscale and has, for example, demonstrated the role of marine heatwaves on UK climn
(Berthou et al.2024).

1 Research is needed to develop plausible, tuependent storylines of climate tipping points and their
impacts in a warming climate, to inform a risianagement approach and to stretest adaptation plans.
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Key climate science and capability gaps:

f

Al and Machine Learning have advanced weather forecasting since CRR3but more research is
needed to apply these tools to climate projections.

Tipping points are hard to model accurately because key processes (like vegétatiateractions) are
missing. Better observations, such as monitoring of ice sheets, vegetation, and ocean circulation, al
essential.

Highresolution weather models improve the understanding of changes to extreme rainfall and tropi
storms but often overestimate rainfall intensity. Improving how they simulate surface water flow is
needed.

UK climate is shaped by both global and local factors. While there is high confidence that warming
bring more heatwaves, fewer cold spells and more intense rainfall extremes, predicting changes to
and other rainfall characteristics is still @mtain.

Largescale circulation and storm projections are still not robust. More focus is heeded on understar
the North Atlantic climate system and the role of natural cycles.
Current climate models struggle to simulate key processes like jet stream shifts and storm developr
Higher resolutions and better process representations are needed.

Standard flood risk estimation methods may underestimate future hazards by ignoring changes in r
patterns and storm clustering. New methods are needed.

Future risk assessments will need updated UK climate scenarios that reflect a wider range of emiss
pathways and use the latest highsolution models.

Large ensembles are required to accurately estimate risks of extremes far in the tail of the distributi
IyR Wofl Ol a¢lyQ S@Syitao

Uncertainties remain in Eartblystem processes, such as carogcle feedbacks and their impact on
global and regional climate change.

The UK currently lacks a single point of access to data on the entire range of climate risk indicators
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Table2.9: Climate models, their features, uses and limitations.

Model Type Resolution Key Features Main Uses Limitations
Global Climate | ~50-100 km | Simulate the full Earth Longterm global Too coarse to capture
Models (GCMs) system (atmosphere, climate projections, local detail or extremes;
ocean, land, ice) IPCC assessments simplified representation
of smallscale processes
Regional ~1025 km | Focus on specific regiong Detailed regional Still rely on GCM
Climate Models use GCM outputs as inpy projections, impact boundary conditions;
(RCMs) studies limited in capturing very
local extremes
Convection ~1-4 km Highresolution; simulate | Local extremes (e.g., | Computationally
Permitting storms and rainfall flash floods, intense expensive; typically run
Models (CPMs) explicitly storms), urban climate | for short time periods or
studies small areas
Coupled CPMs | ~1-4 km Highresolution; Global to local Computationally very
examples include ICON | extremes, coupling expensive; global
(Icosahedral Non allows for a more coupled CPM typically
hydrostatic Model), and | realistic simulation of | run for less than two
the Met Office UKV complex feedback months
model processes
Earth System ~50100 km | Include biogeochemical | Climatecarbon High complexity
Models (ESMs) cycles (carbon, nitrogen, | feedbacks, ecosystem | increases uncertainty;
etc.) climate interactions still limited in spatial
resolution
Simple Climate | No spatial | Use simplified equations; Policy analysis, scenarii Cannot simulate regiona
Models (SCMs) | resolution | fast to run testing, global impacts or extremes;
temperature projections oversimplified physical
processes
Spatial and time Statistical tools that Quick and efficient Build on complex ESMs,
emulator emulate the local regional assessments | calibrated for each
models responses of complex | for impact analysis individual ESM;
Earth System Models
(ESMs)
Palaeoclimate | Varies Simulate past climates | Understanding past Limited by quality of

Models

using proxy data

climate variability and
model validation

proxy data
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Health and wellbeing encompasses all aspects of acute and chronic human health that are sensitive to changing
weather and climate patterns, including their extremes. Outcomes span both physical and mental health, and include
fatalities, injuries, hospitadations, and exposures. The chapter assesses both the direct risk from weather, including
heat, flooding, drought, storms, wildfires, and the indirect risk, via air pollution, infectious diseases, and food safety
and nutrition. The purpose of this chaptisrto consider the overall health burden of climate change to the UK, and

how adaptation can reduce that burden.

Headlines

1 Risks to health and wellbeing identified in the previous Climate Change Risk Assessment Technica
CCRA3BATR, persist and the need for action to address them is now more urgent, based on new
evidence.

For health and wellbeing, the highest urgency risk is from heat (H1), where critical action is needed

Substantial risks to the health and wellbeing of people also come from poor air quality (H3), which

requires critical investigation, and from flooding (H2), new and existing cliggatsitive infectious

diseases (H4) and from disruptions to health andaarre delivery (H6), where more action is needec

Across all risks to health and wellbeing, heat acts as a compounding hazard.

Young children, elderly people, pregnant people, people on low incomes, and people with underlyin

health conditions were consistently the most vulnerable groups to all risks assessed as needing cril

action or critical investigation.

1 Insufficient evidence is available for deep assessment of espesafic mortality ifhortality broken down
by specific diseases or injuriesin-lethal health outcomes, or chronic health outcomes from delayed
long-exposures (years to decades) to hazards.

1 Assessment of health benefits from adaptation measures is limited because many are not yet in plg
are too new to evaluate properly, or lack suitable assessment methodologies. The strongest eviden
benefit comes from building design, greeninglbmnefits, and adverse weather messaging.

= =4

= =4

Risks tahealth andwellbeing identified in the Third Climate Change Risk Assessmgdntependent Assessment
Technical Report (CCRAA TR) persist and the need for action to address them is now more urgemit is because

of new evidence linking poor health and wellbeing to climate change, and because the increased warming in the last
five years has led to stronger evidence linking climate change and health issues. Changes in substantial action to
mitigate the risks have been limited or absent. While #vidence base has evolved, there are still many gaps in our
understanding.

Risks arising from heat (H1) have been assessed as Critical action needed for theckéiases in heat and heat
extremes pose a significant health threat, with specific evidence for England, Scotland, and Wales. This threat is
apparent in outdoor and indoor settings and can threaten health and social care delivery.

Risks to health from the climate change component of poor air quality (H3) needs critical investigatirile the
total health burden from poor air quality is substantial, the component driven by physical climate changeidb.g.
temperature) is highly uncertain owing to the deep interconnections between air pollutants and climate.

It was determined there is more action needed across the UK for risks from other types of extreme weather (H2),
climate-sensitive infectious diseases (H4), and health and social care delivery TH8)UK is also facing an increased

risk of flooding, which poses significant health risks to physical and mental Heattttion of new healthrelevant
pathogens and vectors in the last five years, especially in England, points toward a growing risk of future outbreaks of
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diseases, including West Nile virus, dengue, chikungunya, arddiok encephalitisGiven a strong association
between certain fooeborne and watetborne diseases with temperature, the risk of outbreaks for these types of
diseases is expected to increase as temperatures in the UK rise.

The evidence base gathered was considered comprehensive for the health risks related to heat (H1), other extreme
events (H2), and health and social care delivery (HB)e highest quality of evidence focused on population
exposures, or overall deaths related to these risks. However, this evidence generally did not specify the cause of
death, such as respiratory or heart failure. Evidence was considerably weaker fathalhealth impacts, or

delayed health impacts associated with long climate exposures.

There is more evidence to determine the magnitude and trend for risks in the current climate than for future
scenarios, especially when considering adaptatidrnere is an urgent need for studies projecting health hazards
under future climate scenarios, especially for climagmsitive infectious diseases (H4), and to a lesser extent for food
safety and nutrition (H5). Scenarios that include different poterigEptation pathways are extremely difficult to
construct, and as such are largely absent acrizés.r

Across all risks to health, heat (H1) acts as a compounding hataddor and outdoor adaptation strategies that

address this risk will, in general, reduce the other health threats explored across this chapter. Heat changes land
processes, increasing flooding and drought exposure (H2), altering air quality contaminduetspasure (H3),

helping infectious diseases spread and grow (H4), including through food safety (H5), and disrupting health and social
care delivery (H6).

Critical action for adaptation was identified in the most vulnerable groups across all rifkese include young
children, elderly people, pregnant people, people with outdoor livelihoods, people on low incomes and those with
underlying health condition#daptation measures that target these groups are needed, including associated
infrastructure such as childcare facilities, schools, hospitals, and social care.

Adaptation interventions which promote use of green and blue spaces create opportunities for better physical and
mental health.Green infrastructure, such as urban trees, woodlands, and parks, can serve as natural buffers against
climate change and extreme weather, reducing higher temperatures felt inlguittreas (known as urban heat island
effects), reducing the risks of sucflooding, and filtering out harmful air pollutants. Climate adaptation strategies

that enhance the quality, equity, and accesgyreen infrastructure can act as a dual solution for climate resilience

and public health.
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arein the Methods Chapter.

Risks to people from
heat

H2 Risks to people from
extreme weather,
excluding heat

H3 Risks to people from

changes in air quality

H4 Risks to people from
climate-sensitive
infectious diseases

Table3.1: List of risks and urgency scores for Health and Wellligimguntry Details of how the scorés this tablewere calculated

Magnitude Confidence Urgency

VH: Very High e ee |High (0B Critical action needed Fl: Further investigation
High .o Medium Cl: Critical investigation {3 Watching brief
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H5 Risks to food safety UK

and nutrition
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H6 Risks to health and UK
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3.2.1 Risks to people from heatH1

This risk considers the current and future risk from extreme heat to the health and wellbeing of individuals. The risk
from extreme heat to health and social care delivery (H6), and to buildings and communities (BE1), are considered
separately. Nonethelessheir interdependency means that some adaptation solutions would benefit all of them.
Risks from other extreme weather (flooding, drought, wildfire and cold) are covered in H2.

Headlines

1 Heat is a significant threat that is likely to be exacerbated under climate change. Currently, UK ann
heatrelated deaths range from 1,400 to 3,000. They are projected to rise to-4,B00 in the 2030s,
3,00010,000 in the 2050s, and around 9,000he 2080s. Population change could double or triple the
estimates at the end of the century.

1 Evidence for altause mortality risk is strong, and evidence for some disepseific causes is
strengthening, such as cardiovascular, renal, respiratory, dementia, and acute mental health condit
More evidence is needed on losgrm exposures for dionic illness, which is potentially significant.
Linking primary care and health cohort data to weather and climate exposure data is needed to ass
the evidence base for other diseases.

1 Over65s, young children, urban residents, the socioeconomically deprived, pregnant people, those
underlying health conditions, and outdoor workers are the most vulnerable groups in the population

1 Adverse Weather and Health Plans are in place in England and Scotland and are likely to be advar
for Wales and Northern Ireland, as they are projected to face high to very high risk from the 2050s
onward. Urban design, such as building ventilateomg urban forests, are strong adaptation strategies
for improving heatrelated health.

9 The magnitude and urgency score of this risk has mostly increased since-lBARASs there is stronger
evidence on diseasspecific health outcomes.
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Table3.2: Urgency scores fétl Rsks to people from heabetails of how the scores in this table were calculated are in the Metho
Chapter.

Magnitude Confidence Urgency

VH: Very High e s+ e |High (@B Critical action needed Fl: Further investigation
High . Medium Cl: Critical investigation W8 Watching brief

M: Medium . Low A E More action needed  [E8AF Sustain current action

Low
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Current and future drivers of risk

High temperatures can contribute to diseases (e.g., cardiovascular, respiratory, rengPakkey, Mo and Goodman,

2022; Mitchellet al,, 2024)and can lead to thousands of deaths in the UK every year. They can also influence the
efficacy of medications (e.g., antidepressants), impact wellbeing via altering socialising and sleep (ttdwinet

al., 2025)and increase domestic and societal violence rék¢anlonet al., 2021) Heat increases suicide risk (twice the

risk at 32 °C versus 22 °C) and can exacerbate the symptoms and medication side effects of psychiatric illness, an
illness that affects 16% of the UK populat{@nvironmental Audit Committee, 2028) | S 4 NRA &aia G2 LIS
and wellbeing are increasing due to climate change (as heatwaves become more frequent and intense; see State of
GKS /tAYFGS OKFLIISNDSE AyONBlFaiay3d SELR&dZNBE 6 S dahduial Y2 N2
areas), and increasing population vulnerability (e.g., due to ageing and increasing prevalence of long term conditions).
| 20 dadzYYSNI RIF@aé¢ YR GOGNRBLAOIE yA3aKGaéE O06KSNBE 2O0SNY;,
health and webeing, and they are increasing. Tropical nights are rare in the current climate, but southern England

and Wales are projected to have an annual average of up to five a year at 4 °C of global ldemiaget al., 2021)

and this could be even higher during an extreme hot year (see Fig.1.3 in State of the Climate chapter).

Vulnerability: The very young, older people, people suffering from mental health disorders, and pregnant people are
more vulnerable to heat due to having lower physiological capacity (e.g., sweating), lower perception of heat risk, and
the need to controtheir body temperaturg Thompsoret al,, 2024; Nisa and Mahase, 202Bleat also increases the

risk of adverse pregnancy outcomgskhocet al., 2025) People who have disabilities or underlying health conditions
(e.g., cardiovascular, lung, heart, and kidney diseases, diabetes, multiple sclerosis, autonomic nervous system issues,
and spinal cord injuries) are also vulneral*C 2023)Those older than 75 are more likely to have-pristing

health conditions, making them vulnerable due to both old age and underlying diseasendame communities are

also vulnerable, as they tend to live in areas with less green space (which hilpe reeat exposure), and they may

have less resources to afford fans or air conditioners compared to wealthier communities. Those who undertake hard
labour, especially when working outdoors, are also vulner@slgonomy Institute, 2023)In addition, there is
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increasing evidence of socioeconomic and structural inequalities in the impact of heat, which are strongly associated
with differences in housing and working conditions. Population groups experiencing deprivation, such as ethnic
minorities, may be more exjzed to heat due to their housing and working environmditsompsoret al,, 2025)

Risk Interactions: Heat exacerbates poor air quality (H3), increases the spread of some infectious diseases (H4),
threatens food safety (H5), and can affect healthcare delivery (H6). Prolonged heat when combined with lack of
precipitation can also lead rought, which carries additional health risks, mainly due to the impact on drinking
water supplies. People's physical exercise may be restricted by extreme heat, and those undertaking or spectating
sport face a higher risk of heat stress and heat st{@€&MS, 2025Extreme heat is also likely to severely affect the
workforce, volunteers and coaches at sporting and physical activity Elesvdser, moderate increases in

temperature may benefit outdoor activity and increase usage of green and blue spaces.

Assessment of current magnitude of risk

The current magnitude of the risk is Very High for England and Scotland, high for Wales, and Medium for Northern
Ireland, justified primarily by independent empirical heatated mortality estimates. UK annual heatated

mortality was, on average, 1,4@@aths a year in the period 199019 (Figure 3.1(Jenkinst al, 2022) with around

800 in England and Wales (26R019 period)Gasparrinet al,, 2022)

Empirical and projected UK heat-related mortality
assuming no population or adaptation change
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Figure3.1. Empirical and projected UK heatated mortality, assuming no population or adaptation change in future. The-2099 value
is based on Jenkies al., 2022, whereas England values in 2022, 2023 and 2024 are from the corresponding UKHSA annual reports.
Projections relate to the high warming scenarios in the 2030s, 2050s and 2080s under the CCRA4 climate framing, andraféeb&aes!
et al, 2022; Murageet al, 2024; Masselott al., 2025) Error bars indicate the 95% confidence intervals.
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Assessment of future magnitude of risk

In the 2030s central warming scenario, annual UK nelated deaths are projected to rise to around 2,406nkins

et al, 2022) Population growth would increase this to 2,500 deaths, but adaptation could limit this increase to 1,500
deaths. In the 2030s high scenario, healated deaths are projected to be 1,5d0000 a year, assuming no

population or adaptation change (Figurel® Population growth would amplify this, and adaptation would decrease
this (Jenkinset al, 2022)

No heatmortality estimates are available for the 2050s central scenario, so the urgency score is based on
interpolation between other scenarios in the 2030s and 2050s. In the 2050s high scenario, annuelatedtdeaths
are projected to be 3,80Q0,000a year (Figure 3.1). High population growth would increase this number, but
adaptation would reduce this to 2,200 even with population grognkingt al, 2022)

No estimates are available for the 2080s low and central scenarios, but annuakletat deaths are expected to be

in the high thousands given the other values in the 2050s and 2080s. In the 2080s high scenario, annelatbeat
deaths are projectetb be around 9,000 assuming no population or adaptation change (Figure 3.1). Demographic
change or population growth would increase this to 10;080000, suggesting a doubling or even tripling of mortality
(Coleet al, 2023) Adaptation to increasingly hot temperatures, including individual behaviour, environment, and
public health systems, could reduce this number to around 3(d60kinst al, 2022) These projections are

significantly influenced by assumptions of population growth and ageing, as well as the extent of global warming and
adaptation.

Studies show that among all healated causes of mortality, heat relatezrdiovascular and respiratory disease will
have the largest future increases, followed by renal disease, drowning and mental health problems (small to medium
increasesiMitchell et al, 2024) Renal disease, sleep and cognitive disorders may be particularly susceptible to
persistent exposure to heat over years or decades, whilst skin cancer incidence may also increase due to behaviour
adaptation to heat with increased exposure to UV radiatidiore research is needed to understand the impacts on
chronic health from repeated, persistent, or leagposure (years to decades) to héktitchell, 2025) There is

evidence such exposure can lead to progression of neurological disease, for instance epilepsy a@ gireket

al., 2025)

Level of preparedness for risk

The National Adaptation Programme (NAP) is an important mechanism to inform and promote the actions needed to
increase heat adaptatio(Defra, 2024¢)but the Third National Adaptation Programme (NAP3) does not define

actions at scale to adapt and instead focuses on research needs. While England and Scotland have implemented
Adverse Weather and Health Plgiublic Health Scotland, 2024; UKHSA, 2025a (AWHE))effectiveness in, for
instance, significantly reducing heat mortality, remains to be evaluated. Wales and Northern Ireland do not have
equivalent plans. The Office for National Statistics (ONS) is leading a Climate and Health in OfficialBtgéistics
(20222026) with UKHSEONS, 2024}0 estimate localevel impacts. This includes, for example, from extreme

weather events, heatelated mortality, noacommunicable diseases, respiratory illnesses, and mental health.

Policies and plans to address heat risks to people are mostly reactive rather than prédotiverth, 2024) The
public, and specifically the vulnerable, often do not recognise their risk and there is limited awareness of protective
behaviours against hedBritish Red Cross, 2021, 2023)

Assessment of the evidence base and evidence gaps

The risk scores are informed by hemortality evidence, but not evidence on morbidity. This is mostly due to data
scarcity of e.g., GP data. There is limited evidence of the health impacts of chronic heat exposure, and long datasets
will be needed to stug them. Future projections focused on changes in exposure and vulnerability are missing,
(UKHSA, 2024e (HECC chap.2))
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Box3.1 Opportunities for health and wellbeing in the UK

As the UK adapts to a changing climate, a growing body of evidence suggests some health and wellbeing b
can emerge from adaptation actions. These arise via reducing risks and taking advantage of opportunities
associated with our changing climate.&area for such opportunity is adaptation to support increased use of,
access to, green and blue spaces. Green spaces include parks, gardens and forests, while blue space refer
lakes, canals and coasts. Adaptation measures can serve tamaglmise the health and wellbeing benefits of
green and blue spaces as the climate changes. It is important to highlight that whilst thbeaeftis and
opportunities exist, the overarching impacts of climate change on health are largely adve#idé)H1

Current and future drivers of opportunityClimate change adaptations that increase access to green and blue
spaces present both opportunities and risks for health and wellbeing through increased potential for outdoot
recreation and active travel. Warmer weather may encourage greater use of napareds; however, antagonisti
effects, such as increased rainfall and stronger winds, could reduce this trend. Adaptation measures may th
support increased opportunities for associated health and wellbbangfits and/or help to mitigate adverse
impacts of climate change on outdoor recreation and active travel. Adaptation measures may also interact v
existing vulnerabilities, including significant potential to exacerbate health inequalities. For exacgassibility of
green and blue spaces tends to be lower for ethnic minority andifmeme communitie¢Boydet al., 2018;
Natural England, 2025Vhile the (limited) current evidence available for the UK suggests a linear associatior|
warmer days associated with greater physical activity through outdoor recreational visits to natural environn
extreme heat is likely to act as a deterrentthis activity (and similarly for active travel), especially for more
vulnerable groups such as older people and those with existing chronic diseases. It is not as clear how man
other weather patterns could change outdoor physical activities theite are several feasible links.

Assessment of current opportunityincreased access to blue and green spaces offers significdmenegits. Green
and blue space access can deliver a range of physical and mental health benefits such as reducing chronic
and encouraging exercigévhite et al, 2020; Browningt al, 2022) Interventions relating to urban greening
include increasing the quantity of green infrastructure such as urban trees, parks and gardens as well as cr¢
network of connected parks and green spat®karifiet al, 2021) Evidence of improved health related to green
spaces from other countries found lower rates of cardiovascular disease, stroke, and mood disorders, with
exposure to trees being particularly importaiNutsford, Pearson and Kingham, 2013; Adteltt and Feng, 2019;
Seoet al, 2019) Trees have been indicated as particularly beneftcaiidies of experimental exposure of
individuals (e.gA Yy WT¥2NBaid ol GKAY3IQ AYyiSNBSylAiAzyao RSY2ya
and improvements in negative emotions such as anger, confusion, depression, and f@tigoegt al., 2021;
Carylet al,, 2025) Increased recreational visits to blue spaces (inland and coastal environments with water) g
creates health and wellbeing benefité/hite et al, 2020)

Physical activity during leisure visits to green and blue spaces increases with rising temperature, while wind
has a negative impact, and precipitation shows no clear associd@lbottet al, 2019) While warmer

temperatures may initially encourage more physical activity, this may reverse under extreme heat, especiall
vulnerable groups such as older adults, those with existing chronic diseases and those with high Body Mass
(Anet al,, 2020; Bernaret al., 2021)

Assessment of future opportunityGiven the limited evidence, the magnitude of the opportunity for outdoor
recreation and active travel health 4mnefits of adaptation actions in 2050s and 2080s is unclear. There is nd
specific evidence to inform this, but there may be increasing oppdstuny 2080s, as overall higher temperature
by this time could lead to greater opportunities via outdoor recreation and active travel. However, the net eff
accounting for any adverse impacts of extreme heat is unknown.

Level of preparedness for opportunitythere are likely to be health benefits of adaptation specific to this
opportunity, for example in terms of ensuring the quality and public trust in outdoor swimming waters, given
perception of quality impacts on recreational use. There are alseastblished barriers to green/blue space
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access, including physical constraints and broader social determi2oydet al, 2018; Natural England, 2025)
Delivering social and physical environmental adaptations that serve to improve accessibility would be likely
capitalise on the opportunities presented.

Assessment of the evidence base and evidence gajsban green and blue spaces offer critical adaptation
functions, and there is a large volume of evidence on how increased green/blue space accessibility might d¢
health and wellbeing benefits.

Interventions can involve environmental/infrastructure changes and/or social, educational or health service
programmegqHunteret al, 2019) Naturebased social prescribing programmes provide pathways to promote {
support green/blue space access and related activities for individuals with a range of health conditions or rig
factors, and recent largscale evaluations indicate effectivendes mental health specificalliDefra, 2024h)For
example, the NHS Forest delivers an array of interventions aimed at increasing green/blue spaces, biodiver
tree cover on healthcare sites to promote wellbei@gntre for Sustainable Healthcare, 20ZR)e tree equity
score tool allows for a targeted assessment of where best to plant trees in built environments, to promote pq
health and reduce inequalitig¥Voodland Trust, American Forests, and Centre for Sustainable Healthcare, 20

However, further evidence on the complex interaction of different weather conditions, including wind and rai
nature access, outdoor recreation and active travel is required. Given the importance of local environments,
cultures and soci@conomic chareteristics in shaping these relationships, evidence is required that is specific
the UK and the devolved administrations.

o bH @M @E I YR
Assessment of current magnitude of risk

Current risk is Very High, up from high in CCRABR (which was the highest risk level at that time). There are

thousands of heatelated deaths per year (3,000 in 2022; 2,300 in 2023; 1,300 in 20R4SA, 2024k, 2025c,

2025d) equivalent to two to five heat deaths per 100,000 people a year. The leading causes fordrtdity in

HAHn 6SNB (KS SEI OSNBlIGAZ2Y 2F Fff OANDdzZ | 62NE RA&SI &
(UKHSA, 2025diHeatrelated mortality is generally higher in London and South East England due to a combination of
climate, urban heat island effect, large population and socioeconomic factors such as deprivation and inequalities in
greenspace acce$Sasparrinet al, 2022; Konstantinoudist al., 2022; Colet al,, 2024; Jackson and Noushad, 2024;
Simpson, Brousse and Heaviside, 2024)

On days above 23 °C, there were three additional GP consultations and nine additional prescriptions per 1,000
registered NHS patients in the period 268019 (Fahret al., 2025) Hospital accident and emergency attendances

surged on hot day@ahret al,, 2025) and hospital admissions for infectious, metabolic, cardiovascular, respiratory

and renal diseases, dementia, cancer, and injuries, increased with high temper@aomg, Part and Hajat, 2022;

Rizmieet al, 2022; Agewalktt al, 2023; Hajatt al, 2024) In particular, there were 110 to 120 heslated dementia

hospital admissions in 20q&ong, Part and Hajat, 2022) 2 KAf S (KAa A& ol asSR 2y 9y3fl
may apply to the other devolved administratio@NS, 2022)

Assessment of future magnitude of risk

Future risk remains Very High. In the 2030s high scenario, assuming no population change or adaptation, projected
heatrelated mortality is 3,100 deaths a yg@urageet al, 2024) This represents a 41% increase from the average
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annual heat mortality in the period 2022024. Regions most at risk include Greater London, the South East, East of
England, the West Midlands, Yorkshire, and Greater Manchéiekinst al, 2022; Muragest al., 2024)

Considering a high climate change scenario, and assuming an increase in prevalence of dementia but no increases in
adaptation, dementia hospital admissions are projected to increase to around@d®@ yeafGong, Part and Hajat,

2022) Most of these increases come from the-§% and 85+ age groups.

In the 2050s high scenario, he@lated mortality is projected to be around 7,500 a year (i.e., 13 deaths per 100,000
people), with the highest mortality rate in the East of Englévdrageet al, 2024) In the 2080s high scenario,

climate change and urban sprawl combined with the expected population increase mean regions in Southern and
Central England will likely experience 13,400 more annuakttetaied deaths than the recent paglenkingt al,

2022)

Level of preparedness for risk

England's Adverse Weather and Health FIAKHSA, 2025&)cludes theHeathealth Alert Service, jointly provided

by UKHSA and the Met Office from June to September, to forewarn health and social care professionals of high
temperatures that may affect public health. However, awareness of the alerts varied, if8 KSI f § K a SO0 2
to heatwaves is affected by competing priorities such as infection control, electric fan usage and patient safety
(Brookset al,, 2023) Evidence on the effectiveness of the plan is lacking. Adaptation in prisons and schools has been
required by theMinistry of Justic€Ministry of Justice, 2024)nd the Department for Education (School Building
Requirements for resilience to 2 °C and adaptation to 4 °C war(@egire for Sustainable Healthcare, 2026)

respectively.

Box3.2 Opportunities for health and wellbeing in England

There are ongoing efforts in England to improve the quality and access of blue and green spaces. The Envi
Improvement PlariDefra, 2025bjor England is underway, with notable progress through the Green Infrastrug
Framework(Natural England, 2023nd associated Standards. A key recommendation is that all residents sho
live within a 15minute walk of highguality green or blue spad®efra, 2025h)Urban forests can help reduce
heat-health impacts and have been estimated to avoid around 150 heat attributable deaths fromZ25in
London(Tayloret al., 2024) In parallel, the National Planning Policy Framew@kUHC, 2024)as revised in
response to the Levellingp and Regeneration Act 2029dM Government, 2023Jurther aligning spatial planning
policy with climate resilience and social equity goals. The framework recognises economic, social (e.g., heal
communities) and environmental (e.g., adapting to climate change) objectives as equally important aresoutl
how planning and decisiemaking should be made to favour sustainable development. Together, these initiat
support climate adaptation while enhancing public health, wellbeing, and environmental quality.

Evaluation of urgency score

There is less information on planned adaptation from the 2050s onwards. Due to the Very High projected risk and the
fragmented policy responses, critical action is needed. This score is given with High confidence, given the quantitative
evidence from pagheatwave impacts in England and robust projections on future impacts.
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Table 3.3Urgency scores fél Risks to people from heat for Englabetails of how the scores in this table were calculated are in the
Methods Chapter.

Magnitude Confidence Urgency

VH: Very High e s+ e |High (@B Critical action needed Fl: Further investigation
High . Medium Cl: Critical investigation W8 Watching brief

M: Medium . Low A E More action needed  [E8AF Sustain current action

L: Low

England

H1 Risks to people from heat.

2030 2050 2080
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Overall urgency
score
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~

oPHBPRAMIO KSNY LNBfl YR
Assessment of current magnitude of risk

Current risk is Medium due to evidence showing around seveniedatied deaths in the July 2018 heatwave and, on
average, two deaths a year in the 198000 period KennedyAsseret al, 2025) These numbers are equivalent to 0.1
to 0.4 heat deaths per 100,000 people. Another study suggested potentially nadiatad deaths in summers 1991
2018, but with uncertaintyHuanget al.,, 2020)

Assessment of future magnitude of risk

Future magnitude from the 2050s onward is High. In the 2050s;fedatted mortality is projected to be around 16
deaths a year (0.8 per 100,000 people), considering both climate and population qkargedyAsseret al., 2025)

In the 2080s, this is projected to increase to 22 deaths a year (0.8 per 100,000) in a low climate scenarid08nd 98
deaths (about 4 per 100,000 people) in a high climate scefdeitkinget al, 2022; Kennedysseret al., 2025)

Level of preparedness for risk

There is no heatwave plan in Northern Ireland. The Building Regulations, under review by the Building Regulations
Advisory Committee convened by the Department for Finance, limit internal thermal gains and require adequate
ventilation in all buildinggDepartment of Finance, 2023Jhe Department of Communities is developing a new
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Housing Strategy that will set out targets for new homes. Housing retrofitting is being explored by cities including
Belfast City CoundiBelfast City Council, 2024jhese consultations and strategies remain to be concluded and
finalised. The urgency scores are unchanged unless these are implemented.

Box3.3 Opportunities for health and wellbeing in Northern Ireland

Evidence from the Connswater Community Greenway in Belfast suggests there are mental and physical he
benefits of urban green/blue space accessibility in the context of urban greenways, including facilitating phy
activity (Wanget al., 2023, 2024)The Environmental Improvement Plan for Northern IreldDAERA, 2024a)ms

for everyone to connect with and enjoy greenspaces. By 2028, the aim is to have a community trail network
green/blue places plan in all district council areas, along with new fit for purpose outdoor recreation legislati

Evaluation of urgency score

For current and the 2030s, this projection has changed from High in @BRA3 to Medium, due to two new studies
both projecting fewer than 10 heaelated deaths per year. Before, there was one study that showed around 20 heat
related deathgHajat et al., 2014)Confidence is Low reflecting this disagreement and a small number of studies.

Table 3.4Urgency scores fal Risks to people from heat for Northern Ireladdtails of how the scores in this table were calculated are
in the Methods Chapter.

Magnitude Confidence Urgency

VH: Very High e s+ e |High (@B Critical action needed Fl: Further investigation
High . Medium Cl: Critical investigation W8 Watching brief

M: Medium . Low A E More action needed  [E8AF Sustain current action

L: Low

Northern Ireland

H1 Risks to people from heat.

Present 2030 2050
No adaptation

With adaptation M --
w

Urgency scores FI

Overall urgency
score
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Assessment of current magnitude of risk

Current risk is Very High. There are tens to hundreds oftedated deaths a year, with three out of the four years

since 2021 having over 140 deaths (e.g., 160 in 2022). These are equivalent to 0.3 to 3 deaths per 100,000 people
(Public Health Scotland, 20251 4% to 7% increase in mortality risk is observed during extreme\Weatet al,

2022) Worsened air quality (H3) was recorded in Scotland in recent heatwafe® 2 G f | Y RQa 9, ywiichNR2 y Y
could have exacerbated the health impact of heat.

Assessment of future magnitude of risk

Future risk is Very High. In the 2030s, assuming no population changeeleat mortality is projected to be

around 150 deaths a yeéthree deaths per 100,000 peop{®Murageet al, 2024). In the 2050s, this is projected to
increase to 410 deaths a ye@ deaths per 100,00(Murageet al., 2024). In the 2080s, Scotland is projected to have
around 420 more annual heat deaths than in the past few yghskinst al., 2022)

Level of preparedness for risk

Public Health Scotland has an Adverse Weather and Health Plan fe2@R24hat covers hegPublic Health

Scotland, 2024)it includes developing a retiine surveillance system, scoping potential development of Hnestith

alerts, developing a collection of guidance for health professionals and training staff, among others. The third Scottish
National Adaptation Plan (SNARScottish Government, 2024®ets out other orgoing activities, including

regulating the design and construction of new homes or buildings to avoid overheating; building resilience of school
estates through the £2 billion Learning Estate Investment Programme (LEIP); and prozadiaddptation

information for households and businesses on the Ready Scotland website.

Box3.4 Opportunities for health and wellbeing in Scotland

A Public Health Scotland study on access to greenspace during the-C3ydBdemic brought together surveys
which registered between 70% and 90% agreement that greenspaces benefit mental health, regardless of if
group(Public Health Scotland, 2028ut there are inequalities in accessibility of coastal blue space specificall
There is evidence from England that physical activity in green spaces increases with increasing temperature
AlGQa NBFaz2zyloftS (G2 oSt ASThe Scittish Natiogah Hlahning Bamévigg&ottigh: Y §
Government, 202413)) & dzLJLJ2 NI & LX FyyAy3a yR RS@St2LISyd 27
and wellbeing and reduce health inequalities. One of four priorities for the National Transport S{fatagyport
Scotland, 2020 to improve health and wellbeing by supporting people to choose active travel.

Evaluation of urgency score

Risk is Very High for current and all future time periods. Current risk has changed from High iHACTRABVery

High due to new evidence from a comprehensive report; however, the confidence remains Low because-the heat
related deaths in this report siddle between tens and over a hundred. There is Medium confidence for future
periods due to limited evidence. Implemented adaptation is limitet critical action is needed.
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Table 3.5Urgency scores féil Risks to people from heat for ScotlabDétails of how the scores in this table were calculated are in the
Methods Chapter.

Magnitude Confidence Urgency

VH: Very High e s+ e |High (@B Critical action needed Fl: Further investigation
High . Medium Cl: Critical investigation W8 Watching brief

M: Medium . Low A E More action needed  [E8AF Sustain current action

L: Low

Scotland

H1 Risks to people from heat.
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Assessment of current magnitude of risk

Current risk is High. There are around 30 hegéited deaths per yegiGasparringet al, 2022) A 2024 heat episode
saw aboveaverage levels for atlause mortality, 999 calls for seizures, psychological and psychiatric A&E
attendances, and GP consultations for heat st(@kelic Health Wales, 2025b, 2025a)

Assessment of future magnitude of risk

Future risk is assessed to be Very High. In the 2030s high scenario, assuming no population chargjateukeat

mortality is projected to be around 240 deaths a yézight deaths per 100,000 peop®lurageet al, 2024). In the

2050s high scenario, this is projected to increase to 590 deaths a year (19 per 100,000 people). In the 2080s high
scenario, Wales is projected to have 710 more annual heat deaths than in the ne&lgrdsh<t al., 2022) Urban

I NBF & SELI2ASR (2 RANBOG adzyf AIKiG Oaadgetdl, X243S | nodp c/

Level of preparedness for risk

Public Health Wales provides hot weather public health guidance on their website to target groups, is improving
climate-health surveillancéPublic Health Wales, 2025b, 2025a)d is developing an Adverse Weather and Health

Plan for Wales. Transport for Wales plans to develop heatwave communication plans for customers and colleagues
and consider naturdbased methods to prevent stations from overheati{figansport for Wales, 2023Jhe Welsh
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building regulations require overheating mitigation in new residential buildings. The Welsh Government is exploring
extending requirements to existing buildings in their current Climate Change Adaptation SipAteigh

Government, 2024b)The Welsh Housing Quality Stand@idelsh Government, 2023bjequires social landlords to
consider the impact of future overheating and install water butts where appropriate. Research has been
commissioned to inform Business Wales on employee safety in high temperatures.

Box3.5 Opportunities for health and wellbeing in Wales

The Green and Blue Spacesahort was established to understand the impact of green and blue spaces on m
health and wellbeing in Walé&earyet al, 2023) It used electronic health record data sources from 22089,
comprising nearly 3 million people. The study found that those with greater access to green space in their
neighbourhood had lower odds of seeking help for common mental health disordersuggissts living close to
green and blue spaces is associated with positive impacts on mental health. Planning Policy Wales requireg
levels of the planning process to develop Green Infrastructure Assessments to guide planning d@¥msisims
Government, 2024e)These assessments can identify opportunities for green/blue infrastructure developmen
may take advantage of any increased recreational opportunity and serve to reduce associated inequalities.

Evaluation of urgency score

Current confidence is Medium due to one robust study and new evidence from 2024 reports. We assess Very High risk
across future periods, with Low to Medium confidence due to limited evidence. Fragmented policy actions and a lack
of a national heatwave plamean critical action is needed.

Table 3.6Urgency scores fdil Risks to people from heat for WalPetails of how the scores in this table were calculated are in the
Methods Chapter.

Magnitude Confidence Urgency

VH: Very High e s+ e |High (@B Critical action needed Fl: Further investigation
High . Medium Cl: Critical investigation W8 Watching brief

M: Medium . Low A E More action needed  [E8AF Sustain current action

L: Low

H1 Risks to people from heat.
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3.2.2 Risks to people from extreme weather, excluding heai2

This risk covers extreme weather where there is evidence for an impact on human health and wellbeing in the UK. The
risks covered are flooding, drought, storms (including wind, hail and thunder), wildfire, and cold. Heat is not included
here but is coveredeparately irH1due to its relevance to the UK. Water quality impacts on health related to

flooding, including risks from exposure to pathogens, are coverefd.invhile extreme low temperatures are

considered within this risk (see B8&), they are not used to inform the overall urgency scorifgs is because while

cold is an important weather risk that will continue to shape winter mortality into the 2070s, it is not expected to
increase with climate change in the ways that other weather extremes will.

Headlines

1 There is more action needed to prevent future widespread health risks from extreme weather event
(storms, drought, wildfire, flooding), with the largest health threat coming from flooding. Heat is
addressed in H1, and has an even higher health burden.

1 The most comprehensive evidence on current mental and physical health impacts comes from stud
based on flood events, while the health risks of wildfire and drought are less well documented in th¢
context.

1 Negative health outcomes from future floods and droughts are expected to increase, as a larger
percentage of the population become exposed over time, partly due to increased flood and drought

1 Cold hazards are treated separately. The negative health outcomes from cold are expected to cont
until late in the century (2070s), and any reductions will not offset increased consequences of extre
heat. While heat risk will increase mortality anelgative health impacts in summers, moderate cold
weather will continue to pose significant health risks in winters.

91 Across the UK, for all extreme weather types considered in H2, there is a lack of evidence on both
mortality and morbidity rates, especially for future risks. New studies for health implications during
extreme events, and in the months, years, and decddiéswving are needed.

9 Overall combined risks from extreme weather remain high throughout the UK, with new evidence si
CCRA3BA-TR confirming current risks and future potential trends and risks.
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Table3.7: Urgency scores fét2 Rsks to people from extreme weather, excluding hBetails of how the scores in this table were
calculated are in the Methods Chapter.

Magnitude Confidence Urgency

VH: Very High e s+ e |High (@B Critical action needed Fl: Further investigation
High . Medium Cl: Critical investigation W8 Watching brief

M: Medium . Low A E More action needed  [E8AF Sustain current action

L: Low

T . e T T

H2 Risks to people from UK

extreme weather, --
Northern Ireland --

Wales

0 PHO@OPRSYOS NBISOIyld (2 0KS SyidaAiANDB
Current and future drivers of risk

Key climate drivers are increasingly influencing the risk, severity, and frequency of extreme weather in the UK,
including hazards such as wildfire, cold, halil, ice, flooding (pluvial, fluvial, and coastal), storms, high winds, and
drought. These weatheisks are often interconnected: the initial hazard, such as flooding, can trigger wider
disruptions to critical infrastructure, including transport, energy, and telecommunications systems, thereby amplifying
societal impacts, including health risks. Moregvadividual extreme weather events create multiple hazards. The co
occurrence of wind and rainfall can significantly increase the scale and complexity of impacts compared to each
hazard occurring in isolatiogfManninget al,, 2024) Interactions further compound risks: upstream, reduced water
guality can impair water supply availability, while downstream, flooding and drought can pollute vital water sources
used for drinking and recreation, leading to potential health risk (se@tjitionally, wildfires can mobilise harmful
chemicals, contaminating reservoirs and watercourses and having potential impacts on health (see 19) over and above
the air qualitybased risks. The impact of such hazards is socially patterned becauserehtidfesulnerability

associated for example with quality of housing and other protective factors eexisting ill health. The impact is

also likely to be greater for people living with disability.

Assessment of current magnitude of risk

Current risk is assessed as High across the UK. This assessment suggests highest impacts from flood exposure, whicl
in the low hundreds of thousands of people affected, with additional risks coming from drought and other extreme
events.

Flooding: This considers the risk from flooding to the health and wellbeing of individuals. The risk from flooding for
buildings and communities is covered separately in BE2. Health impacts of flooding are both immediate (such as
injuries, exposure to coaminated water, and disruption to healthcare services) and+eng (including persistent
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mental health issues like anxiety, depression, and{r@stmatic stress). The magnitude for this risk remains High, in
line with CCRABA TR. Annual estimates of the numbers exposed to surface water or river and coastal flooding are in
the low hundreds ofhousands at present, with mental health consequences being potentially significant. New
evidence since 2020, cited below, confirms significant flood risk to the UK and negative health consequences,
supporting a confidence assessment of High based onestwdith multiple lines of evidence and using multiple
methods.

Increased UK flood risk from high river flows is in line with trends across northwest Europe in recent {Blizsids
et al, 2019) There is evidence that the increased likelihood of flood events is due to both increased rainfall and
deteriorating urban infrastructuré h Q5 2 Yy St £ | yaRd takigsNdyidifies heafttHimedgualiti€Sayers,
PenningRowsell and Horritt, 2018; Kest al, 2024) Previously lowikelihood or unprecedented flood extremes are
now assessed more likefi{entet al., 2022; Kat al, 2024)

The primary direct health effects linked with flooding in the UK are drowning, physical trauma, and infections from
exposure to contaminated flood watéParker, Mo and Goodman, 2022he principal longer term health effects
include mental health issues (such as anxiety and-fragmatic stress disorder), respiratory illness from damp and
mould, and less likely and prevalent risks, such as those from rodent borne digeg$€G, DHSC, and UKHSA,
2024) For mental health impacts, evidence suggests flood victims experience these outc@8niemdes more
frequently than noraffected populationgCruzet al., 2020) Other causes of negative health outcomes from flooding
include community displacement, reduced opportunities for physical activity and @p6MS, 2025¥isks during
recovery such as carbon monoxide exposure due to use of indoor generators, property damage, dealing with
administrative bureaucracy such as dealing with insurance claims, and the associated financial and mental burden of
recovery(UKHSA, 2024d (HECC, chajg8jhe of these aspects can be persistent over years because of home
damage from damp and mou{@ulchandani et al., 2020inrecoverable financial losses or more acute risks from
disrupted access to health services in the aftermath adleventgDoddet al., 2024) Such impacts exacerbate

health inequalities, meaning individuals with lower incomes, those without work, women and people with pre
existing medical conditions are all more susceptible to negative health outcomes.

Health impacts and associated personal health costs for affected populations correlate with flood depth, with a flood
of up to 30cm depth costing £1,9@@r adult and a flood of up to 1m costing approximately £4,100 per adult (2018
prices)(Environment Agency, 202Ihese figures are per affected adult and encompass treatment expenses,
including hospitalisation, general practitioner care, and medication, as well asrelatkd losses due to absenteeism
(Mulchandankt al., 2020; Findlateet al., 2023) Drawing on these estimates, the costs of floods in terms of mental
health are in the hundreds of millions of pounds annually.

Indirect impacts of flooding include increased pollution of land, water, an@albotet al, 2018; Hanét al., 2025)
decreasing access to green space for residents, and disruption to ecosysidrith often displaces insects and

animals which in turn increases human exposure to bites, stings, and potential infections (see H4). Given the increase
in flood trends, the pysical and mental health costs of floods are also shown to be incrg@éirighandaniet al,

2020; Findlateet al.,, 2023)

Drought: Droughihealth effects in the UK include risks through both direct and indirect pathways. Direct pathways
include limited water supply, loss of crops, damage to infrastructure and injury. Indirect pathways include ecosystem
changes, such as chanigebreeding conditions for vectors, loss of biodiversity, supply chain disruption leading to
potential food insecurity and malnutrition. All of these may have consequences for health. The Health Effects of
Climate Change (HECC) in the UK refuitHSA, 2024j (HECC chap, Highlights the UK's vulnerability to prolonged
hydrological droughts, though impacts vary geographically. The report also discusses the health impacts of
meteorological, agricultural and socioeconomic droughddl of which are likely to influence hehlin different ways.
Attributing health effects to drought is challenging due to their slow onset, long exposure windows (potentially from
seasons to years), and the influence of concurrent weather events such as heatwaves and wildfires. In addition, there
is limited evidence in the UK specific context. What does exist is largely qualiityamet al., 2020; UKHSA, 2024j
(HECC chap.11))he strength of the quantified evidence of droughts on health is similar to CIBRAS so the

current risk magnitude does not change from Medium, and the confidence assessment is Low.
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There is no evidence for the UK of direct mortality from physiological outcomes during droughts. The evidence is
based around morbidity and mental health assessments. This includes through reduced water quality, reduced
hygiene, food and air quality, alghtooms, transport disruption, vector borne disease shifts, and the impacts on
health from fishery, crop, or livestock losg@syanet al., 2020; Barkeet al,, 2024) Negative impacts on wellbeing

and increased risks of mental ill health in rural communities around periods of drought are a particular concern. A
recent survey found that nine in ten farmers expressed having anxiety during recent periods of extremenireath
the UK context, with 60% responding that they were depressed and 6% very depfeasegly & Climate Intelligence
Unit, 2025)

Other extreme events: In addition to the extreme weather types already discussed, the UK experiences changes in
health and wellbeing from storms, lightning, hail, thunderstorm asthma (see H3), wildfire burns, and respiratory
impacts of wildfiregMitchell et al, 2024) Extreme weather may lead to power outages, which impact on health, with
those in vulnerable groups being particularly at (Gkx, 2021)

Lightning in the UK poses a low annual fatality risk, with an average of two deaths per year, mostly associated with
outdoor leisure and sports activities. Over the last two decades high winds and maximum gust speeds show a
downward trend, while heavy rafall shows a slight upward tren@endonet al., 2024) Both influence injuries and
deaths, including those from road traffic accidents, through wind pressures, flying debris, and reduced visibility,
especially during storms.

The effects of wildfire on human health and wellbeing are largely due to inhalation of particulate matter (see H3),
pollutant impacts on skin conditions, burns, injuries, and losigen mental wellbeingEisenman and Galway, 2022)
There is limited evidence on fatalities and injuries from UK wildfiogdHSA, 2024i (HECC chap, H)fhough some
studies exist on the health impacts through inhalati@onfidence is therefore rated as Medium as more insight and
data are required.

Box3.6Cold

While the health impacts of cold are considered here, they are not used to inform the overall urgency scorin
because they are not expected to increase with climate change in the ways that other weather risks will. Ho
they are also not expected to dece significantly until later in the century (2070s) and any reductions will not
offset increased health consequences of other weather risks.

Assessment of current magnitude of risk: There is robust evidence for thousands of deaths attributed to mg
and extreme cold each year, with estimates ranging between 12280000 depending on the years and method
used(Masselotet al., 2023; ONS, 2023; UKHSA, 2024e (HECC chap@)yh moderate and extreme cold
episodes are decreasing, with fewer frost and ice days, it remains a Very High current risk with thousands o
from coldc¢ the highest number of these is attributed to respiratory and cardiovascular diseases (RpCL. c
Other health impacts include poor mental health, poor sleep quality, arthritic and mobility issues, allergies a
dermatological issues, suppressed immune function, and pulmonary, respiratory and cardiovascular diseasg
(Janssermrt al,, 2023; Institute of Health Equity, 2024; UKHSA, 2024e (HECC cHadi®gt effects include snow
and ice disrupting healthcare services, fuel poverty, social isolation, poor mental health or carbon monoxide
poisoning from poorly maintained or ventilated boilers, and cooking and heating appliances with combustior|
sourceJUKHSA, 2025a (AWHP))

These health impacts pose a disproportionate risk to young children and babies (from birth to six years of ag
older people (65+), and those with pexisting longerm mental and physical health conditions, such as
cardiovascular or respiratory diseadeeseet al, 2022; Jansseet al, 2023; UKHSA, 2025a (AWHB)3abled
people, UK minority ethnic groups, pregnant people, andittsome households, as well as those living in rente
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housing or experiencing homelessness, have also been identified as groups with greater risk of exposure tg
(Snell, Bevan and Thomson, 2015; éeal, 2022; UKHSA, 2025a (AWHP))

Assessment of future magnitude of risk: Future risk for cold remains Very High magnitude for all nations for
and 2050 time periods, when considering both moderate and extreme cold. The risk of extreme winter weat
remains very high until 2070, andld risk is expected to continue to lead to deaths in the 1000s until the end

the century.

Extreme colerelated deaths are projected to increase for a period peaking in 2030 before declining by the m
century(Murageet al., 2024; UKHSA, 2024e (HECC chajid)yever, moderate and extreme cold combined is
expected to remain a substantial mortality burden, and the total burden from moderate cold is projected to s
exceed that from heat well into the 207Q8lasselotet al,, 2023; UKHSA, 2024e (HECC chafiR2puctions in cold
remain similar with limited realisation of these through to the end of the century and potential for any benefit
during that time to be counteracted by an ageing population and increasingly wet conditions continuing to af
indoor environments(UKHSA, 2024e (HECC chapI2)e modelled assessments for cold risk increasing out to 2
are largely driven by population changes, particularly ageing.

Assessment of future magnitude of risk

The future risk is assessed as High across the UK. Highest impacts are from flood exposure which is in the low
hundreds of thousands of people affected. While this number increases for future time periods, it never reaches the
millions of people affectedhtat would change the magnitude to Very High.

Flooding: Increased spatial and temporal resolution flood risk estimates for the UK have shown risks are likely to
increase and expected annual damages are more responsive to climate than previously méBateset al, 2023)
Increases are expected in surface, ground, river, and coastal flooding. For instance, coastal flooding at the end of the
century could lead to 120,000 c nZnnn LINPLISNIASAE LRGSyGAlLftte ySSRAy3a
abandoned anavith increased sea level and storminess associated with >2 °C wai@aipgret al., 2022) Housing
development on floodplains, poor langse practices, and growing population pressures exacerbate the issue,

ensuring the risk remains persistently high. Projected UK demographic changes, population growth and increasingly
ageing populations willkely amplify the risk. Current estimates are of 6.1 million people exposed to flood risk that

are projected to rise by 61% in 2050 under a 2 °C scenario, and 118% in a 4 °C @dKiht8iy, 2024f (HECC chap.3))

The estimated annual numbers of people likely exposed to flooding in the future remain in the hundreds of
thousands, with the economic costs of mental health being in the hundreds of millions. In terms of mortality,
estimates suggest that for England thas a likely increase in the number of deaths from flooding in the 2050s from

18 per annum to 20 per annum (range 6 to 34) with no population growth or 29 per annum (range 8 to 49) with
population growth(UKHSA, 2024f (HECC chap.3))

Drought: Droughts are expected to become more frequent and intense due to rising global temperatures and shifting
rainfall patterns, with risks expected to grow as climate change progréasasllet al, 2021) The numbers of

households impacted by water shortages will increase, with associated health inggastscularly for vulnerable

groups. Existing estimates on future risks to agricultural productivity associated with drought are projected to
increase ot are likely to remain at a Medium/High level across different scenarios (N6), with associated mental
health risks for farmers. The health impacts of droughts are complex and often delayed, and there is emerging
evidence for critical exposure periods, fostance changes in blood pressure are observed in adults decades after
they were exposed, in utero, during hot dry conditions (Griffith et al, 2025; Lawson et al, 2008), although this
relationship is complex. Those using private water supplies faceplartichallenges, including potential diminished
bacteriological qualityBryanet al., 2020; Public Health Wales, 2023€lrther detail on the risks to private water
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supplies can be found in the analysis for risk 19. Other significant changes include worsening air quality threugh wind
blown dust (such as Fen blows in East Anglia and stours in Sc¢Bayabet al., 2020)

Other extreme events: Thunderstorms and lightning are poorly represented in conventional climate models, resulting
in high uncertainty in their future trend$-inneyet al., 2018; Kahramaat al,, 2022) Longer term implications of most
extreme weather conditions can increase psychological distress, worsen existing mental health conditions, and strain
healthcare service@reen Alliance, 20249r can have compounded health impacts from longer exposures, including
from societal or economic changes, although much of this work is not quantified yet.

Level of preparedness for risk

The UK Government has made commitments to improve understanding of the risks of extreme weather and its
impact on health and wellbeing, such as plans to conduct an annual survey of public perceptions of risk and
preparedness, along with tracking so@ooromic resiliencéHouse of Commons Public Accounts Committee, 2024)

The process of naming storms currently enhances the communication of extreme weather risks. The UK Government
Resilience FramewolCabinet Office, 2022jutlines a comprehensive approach to strengthening national resilience,
including extreme weather, and the establishment of the National Situation Centre to monitor and manage risks. The
Cabinet Office has also created a resilience directorate and edtallia senictevel Climate Resilience Board.

The UKHSA Adverse Weather and Health Plan (AWHP) for England, first published in April 2023, focuses on addressi
the health effects of adverse weather and has undergone an equity review and impact assessment to evaluate its
impact on various population®KHSA, 2025a (AWHP)he AWHP consolidates guidance on health impacts from
flooding, drought and cold (and heat), flagged by the UK National Risk Registe(CuBiR3t Office, 2025aas well

as thunderstorm asthma.

Much preparedness relies on local government and third sector action. The Severe Weather Emergency Protocol
(SWEP) supports rough sleepers and people experiencing homelessness to receive emergency accommaodation during
periods of cold temperatures. Resposd®e cold weather risks come from across civil society and local govermgment

as evidenced by the implementation of commuHigg warm spaces following high energy prices and cold weather in
2022. National retrofit programmes and fuel poverty support frgavernment also improve preparedness for cold

risks.

Assessment of the evidence base and evidence gaps

For the majority of extreme weather events in the UK, there is low consensus about the health consequences
(Mitchell et al, 2024) There is High confidence on flood risks and their health consequences presently as the
evidence comes from multiple sources using multiple methods and datasets. For other aspects of storms more
generally, and for droughts, morbidity impacts remain undg@tered and require further attention (UKHSA, 2024
(HECCQC)). Further research is also needed to understand how health inequalities intersect with climate change and
extreme weatherDoddet al., 2024)
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Where subrisks (flooding, drought, other extreme events) are not presented, no additional information was available
and evidence for the UK (3.2.2.1) was used to assess risk.

Assessment of current magnitude of risk

Current risk is assessed as High for England. The highest impacts are from flood exposure, with additional risks comin
from drought and other extreme events.

Flooding: Flood risk remains high across England, despite flood risk investmentseldtedi mortality is estimated

to be 18 deaths per year on avera@éKHSA, 2024f (HECC chapWjyler morbidity consequences include impacts

on respiratory and mental health. Mental health consequences of flooding have been identified as being particularly
significant. Based on Environment Agency estimates of number of residential propertiel anHighedium risk of

flooding (around 2.5 million for the current period), estimates of adults annually exposed to surface water or river and
coastal flooding are in the low hundreds of thousands at present in England, giving an estimate for the scale of
negative health impacts annually. The majority of the projected coastal flooding and inland flood risk increases are in
EnglandSayerst al, 2022; UKHSA, 2024f (HECC chap.3))

Drought: The drought in Summer 2022 was the driest in England since 1935 (Met Office) and had a range of health
relevant impacts, including algal blooms, fish deaths, wildfires, low crop yields and impacts on livestock, transport
disruption and water restctions(Barkeret al, 2024) There is increasing evidence of compound drotftgitid risks

in the literature(Parryet al, 2023) Quantification of the health impact is limited, though with the anticipated

increase in water shortages there are likely to be increases in the risks to vulnerable groups in particular. Risks to the
mental health of farmers due to drought will likely inase, depending on adaptation in the agricultural sector.

Other extreme events: The proportion of high and very high wildfire days has increased over the last 50 years in
England, with a 50% increase in the number of Hiigk days and a 240% increase in the number of veryggtdays
(Thompsoret al., 2025) No explicit analysis has linked that to health and wellbeing yet.

Assessment of future magnitude of risk

Future risk is assessed as High. Highest impacts will be from flood exposure, which is in the low hundreds of
thousands of people affected, with additional risks coming from drought and other extreme events. While the
number of people affected increaseg floiture time periods, it never reaches the millions of people affected that
would change the magnitude to Very High. The confidence is high, which is dominated by the confidence in the
impacts of flooding on health.

Flooding: In the 2030s/2050s, the evidence suggests a relatively modest increase in deaths from flooding (covering
inland, coastal and storm related flooding), to a range of 20 or 30 deaths per year depending on the climate scenario
(UKHSA, 2024f (HECC chapt3pwever, wider health impacts from floods are expected to increase in line with
increased exposure. The magnitude of the risk is assessed as High.

In the 2080s, the scale and scope of flood risk is likely to remain High. New future flood risk estimates coupled with
insured economic costs for UK scenarios suggest estimates of future outcomes depend on global and UK mitigation
efforts (Bateset al,, 2023) Implementing actions that lead to climate futures with decarbonisation (e.qg.,

implementing Paris Agreement) still means a projecteé2% increase in flood economic losses by 2070. Current
estimates of 6.1 million people living in flood prone areaslig&18 percent in a 4°C scenafidkHSA, 2024 (HECC
chap.3)) This increased exposure may lead to a greater number of people impacted by flooding and adversely
affecting their health and wellbeing. Annually, the numbers of people exposed to floods wiltheehundreds of
thousands; with potential economic costs of mental health running into the hundreds of millions.
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Drought: The risk of disruption to water supplies due to drought remains High under this scenario (see risk 19). There
is limited additional evidence of the future level of risk to health and wellbeing compared to GERR3 despite
increased understandg of the direct and indirect pathways from drought to health and wellbéBrganet al., 2020;
UKHSA, 2024j (HECC chap.11))

In the 2050s, the risk of disruption to water supplies is considered High in the analysis for risk 19 across the different
scenarios for England. For the 2080s, the magnitude of risks of supply disruption from drought to water supplies for
England is verkiigh, but the impact on health due to drought, including both direct and indirect pathways, has not
been quantitatively estimated.

Level of preparedness for risk

The Flood Forecasting Centre (FFC) provides data, forecasts, and information to help plan for flood response. Ofwat
oversees the climate resilience of water companies' supply and wastewater systems in England and Wales. For
England there are also health/ag cold, and flood alerts in place.

Evaluation of urgency score

The risk magnitude is assessed as High for present and future scenarios with High confidence. The overall urgency is
More action needed. Highest impacts will be from flood exposure, which is in the low hundreds of thousands of
people affected, with additioal risks coming from drought and other extreme events. While the number of people
affected increases for future time periods, it never reaches the millions of people affected that would change the
magnitude to Very High. The confidence is High, whichnsmhted by the confidence in the flooding impacts on

health.

Table 3.8Urgency scores fdi2 Risks to people from extreme weather, excluding heat for Enddetdils of how the scores in this table
were calculated are in the Methods Chapter.

Magnitude Confidence Urgency

VH: Very High e s+ e |High (@B Critical action needed Fl: Further investigation
High . Medium Cl: Critical investigation W8 Watching brief

M: Medium . Low A E More action needed  [E8AF Sustain current action

L: Low

England

H2 Risks to people from extreme weather, excluding heat.

T ) e e e )
v | O O
o o O O OO

Overall urgency
score
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Where subrisks (flooding, drought, other extreme events) are not presented, no further data was available and
evidence for the UK (3.2.2.1) was used to assess risk.

Assessment of current magnitude of risk

Current risk is assessed as High. Highest impacts are from flood exposure, which is in the tens of thousands of people
affected annually based on calculations for England scaled to Northern Ireland population and data from the Northern
Ireland Flood Risks&essment (NIFRA), which estimates 45,000 properties gDeglartment for Infrastructure,

2018) Additional risks come from drought and other extreme events. While the number increases for future time
periods, it never reaches the hundreds of thousands of people affected required to rank the risk as Very High. The
confidence is High, reflecting tle@nfidence in the estimates of the health impacts of flooding which dominate the
magnitude scores. For other suisks the confidence would be Low.

The evidence for extreme weather impacts on health specifically for Northern Ireland is very sparse sincBACCRAS3

TR. There is recent evidence relating to the use of private water wells, which is more common in Ireland than England,
and these can be susgkble to contamination from flooding. Research from the Republic of Ireland may highlight
shared risks in Northern Irelaniflusacchio et ali2021)found that private well users in the Republic of Ireland are

not well prepared for flooetelated contamination, with underestimations of risk and a high percentage of people not
undertaking proactive measures.

Assessment of future magnitude of risk

Future risk is assessed as High. While the number of impacts increases for future time periods, it never reaches the
hundreds of thousands of people affected which would change the risk to Very High. The confidence is High, reflecting
the confidence in thestimates of the health impacts of flooding which dominate the magnitude scores. For other
subrisks the confidence would be Low.

Level of preparedness for risk

The flood risk management plan is a requirement of The Water Environment Regulations (Northern Ireland) 2017
(DAERA, 2017vith one of the current (2026 nHT O 202S00GA@®Sa o0SAy3 adG2 NBRAzOS
Northern Ireland Water have a climate change stratédgrthern Ireland Water, 2023hat includes improving sewer
system informed by rainfall projects to reduce storm overflows, including keeping storm water out of sewers where
feasible and flowing of rainwater flow with ponds and storage to avoid system being overwhelmed.

Evaluation of urgency score

The risk magnitude is assessed as High for present and future scenarios with High confidence. The overall urgency is
More action needed. Highest impacts will be from flood exposure, with additional risks coming from drought and
other extreme events. Whilthe number of people affected increases for future time periods, it never reaches the
thousands of people affected that would change the magnitude to Very High. The confidence is High, which is
dominated by the confidence in the flooding impacts on health.
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Table 3.9Urgency scores f¢12 Risks to people from extreme weather, excluding heat for Northern Ir&etails of how the scores in
this table were calculated are in the Methods Chapter.

Magnitude Confidence Urgency

VH: Very High e s+ e |High (@B Critical action needed Fl: Further investigation
High . Medium Cl: Critical investigation W8 Watching brief

M: Medium . Low A E More action needed  [E8AF Sustain current action

L: Low

Northern Ireland

H2 Risks to people from extreme weather, excluding heat.

e ) e R e
e O O O O O
o oo O O O N O
o - | ]

Overall urgency
score
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Where subrisks (flooding, drought, other extreme events) are not presented, no further data were available and
evidence for the UK (3.2.2.1) was used to assess risk.

Assessment of current magnitude of risk

Current risk is assessed as High. Highest impacts are from flood exposure, which is in the tens of thousands of people
affected, with additional risks coming from drought and other extreme events.

Flooding: Only a small number of studies have focused on the impacts of flooding for people and communities in
Scotland on both physical and mental healttCéntre of Expertise for Waters (CREW) (2884)y found longterm
yS3AFriABS AYLI OGa 2y LKeaAoOlt FyR Sy2G4A2ylt gStftoSAy3
population at greater risk of health related impacts of flooding compared to UK average include; (i) aging population
(the proportion of the population of pensionable age ipegted to increase from about 20% to 25% by 2033); (ii)

areas of greater deprivation and lower life expectancy than the rest of the UK; and (iii) a majority of the landmass
classified as rural with a dispersed populat{@REW 2024)

Drought: The risk of disruption to supplies in Scotland is considered to be high (see risk 19), and likely to have knock or
health implications. A range of health impacts were identified in the Eden catchment in Scotland, including from loss
of recreationd | OGAGAGASA Ay AyftlyR ¢l GSNBR (G2 aGad2dzNKBryaw SOSy
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et al,, 2020) Based on expert judgement, and in line with CCRABR, the overall health impacts of droughts in
Scotland are likely to be Medium in this scenario.

Assessment of future magnitude of risk

Current risk is assessed as High. Highest impacts are from flood exposure, which is in the tens of thousands of people
affected, with additional risks coming from drought and other extreme events. While the number of people affected
increases for future the periods, it never reaches the hundreds of thousands of people which would change the risk

to Very High. The confidence level is High, based on understanding of the health impacts of flooding and the
dominance of this risk for the magnitude (the confiderin other sukrisks is low).

Flooding: The magnitude of flood risks is likely to remain High within Scotland. This is basedide sé¢€narios of
FEt22R NAal] YR (KS &aLISOAFAO OKIffSyasSa 2F {0203t yRQa&
and population helth (CREW 2024)t also takes account of quoted projections of doubling of populations exposed to
flood risk (Dow, 2025).

Drought: Following a similar justification as above, the magnitude of impacts for 19 (Risks to water supply and
wastewater systems) in terms of disruption to water supply under this scenario are considered High under this
scenario. Based on expert judgenteand following CCRAA TR, the likely health impacts of droughts in Scotland in
the 2030s are likely to be Medium in magnitude.

Level of preparedness for risk

The NHS Scotland Climate Emergency & Sustainability Strateg@Pe@@HS Scotland, 202B)entifies the need to
prepare and adapt to extreme weather. The NHS Scotland Standards for Organisational Resilience also requires that
consideration is given to the nemaditional disaster response role of community healthcare settings. Plans should be

in place to provide a healthcare response to people in the community following extreme weatets, especially

those who are vulnerable, as part of the local multiagency recovery plan.

In 2024, Scotland published an adverse weather and health plan, which includes heat, cold, flooding and drought
(Public Health Scotland, 2024)his aims to help reduce the burden of disease and health inequalities associated with
adverse weather events in Scotland. It includes several action areas including: development of an epidemiology and
surveillance system on adverse weather and healtbpsg and potentially developing alert systems; development of
advice and guidance; and public health messaging. The plan realises the need foramemdi, evidencbased

approach in addressing the health risks associated with adverse weather indtistScontext.

The Scottish Government's 2024 National Flood Resilience Strategy outlines a comprehensive approach through 2045
and beyondScottish Government, 2024a)t highlights physical and mental health as a key outcome target in

creating flood resilience. Scottish Water have a new climate change adaptatio(Sglatish Water, 2024)Water

guality adaptations include completing a capability assessment of over 200 wastewater treatment works, followed by
planning and implementing improvements.

Evaluation of urgency score

The risk magnitude is assessed as High for present and future scenarios with High confidence. The overall urgency is
More action needed. Highest impacts will be from flood exposure, with additional risks coming from drought and
other extreme events. Whilthe number of people affected increases for future time periods, it never reaches the
thousands of people affected that would change the magnitude to Very High. The confidence is High, which is
dominated by the confidence in the flooding impacts on health.
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Table 3.10Urgency scores fdi2 Risks to people from extreme weather, excluding heat for Scobeatdlils of how the scores in this
table were calculated are in the Methods Chapter.

Magnitude Confidence Urgency

VH: Very High e s+ e |High (@B Critical action needed Fl: Further investigation
High . Medium Cl: Critical investigation W8 Watching brief

M: Medium . Low A E More action needed  [E8AF Sustain current action

L: Low

Scotland

H2 Risks to people from extreme weather, excluding heat.

e ) e R e
e O O O O O
o oo O O O N O

Overall urgency
score
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Where subrisks (flooding, drought, other extreme events) are not presented, no additional data was available and
evidence for the UK (3.2.2.1) was used to assess risk.

Assessment of current magnitude of risk

Current risk is assessed as High. Highest impacts are from flood exposure, which is in the tens of thousands of people
affected, with additional risks coming from drought and other extreme events.

Flooding: Flooding from rivers is a current risk for approximately0®@&eople(Natural Resources Wales, 2023)

and from the sea an estimated further 191,055 people are exposed. Nine areas in Wales are designated as National
Flood Risk Areas due to the risks to health, economy, and the enviror{fglolic Health Wales, 2023c (HIA D5.3))

Heavy downpours can also cause water ingress into coal tips (left over from mining operations) and subsequently lead
to landslides, such as in 2020 and 2024, with targeted evidence that the 2020 Taylorstown landslide was linked to
increased winter stormand more precipitation from climate change. This can cause mass causalities, as were seen in
the 1966 Aberfan Disaster, and increased anxiety for communities living near the tips. Secondary affects can be from
contaminated water for drinking or recreatiahuse, and from health care disruption and displacement. It is mainly
poorer communities who live near these tiRRublic Health Wales, 2023a (HIA D5.7); The Guardian,.2024)
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Drought: The magnitude of risk of low water supply is High (see 19 in this report). The health impacts on vulnerable
communities may be reduced significantly by response measuresuygegof standpipes and other mechanisms to
deliver water), but wider implications of drought on health ex&tyanet al, 2020; UKHSA, 2024j (HECC chap.11))
For the Ebbw catchment, there have been reported impacts on recreation (particularly for people with disabilities),
issues with bottled water quality for infants using formula milk, loss of livelihood, and mental health issues among
farmers(Bryanet al., 2020)

Assessment of future magnitude of risk

Current risk is assessed as High. Highest impacts are from flood exposure, which is in the tens of thousands of people
affected, with additional risks coming from drought and other extreme events. While the number affected increases

for future time periods it never reaches the hundreds of thousands of people affected which would change the risk to
Very High. The confidence is High, associated with the level of confidence in the floeldied health impacts

(while confidence in the estimates of other stibks is low).

Flooding: The number of people exposed to frequent flooding is projected to rise significantly b{N2OG!
Resources Wales, 2023)

Level of preparedness for risk

Wales uses the same Flood Forecasting Centre as England. Wales also has a Flood and Coastal Erosion Risk
Management programm@Nelsh Government, 202@esigned to protect people, property, and the environment

from flooding and coastal erosion. This not only addresses physical flood risks but also examines the mental health
impacts. The Water Health Partnership for Wales brings together public heaféspironals to work on issues across
private and public drinking water supplies.

Key policy relevant measures to manage flood and coastal erosion risk in Wales include legislation like the Flood and
Water Management Act 201K Government, 20103trategic plans such as the National Strategy for Flood and
Coastal Erosion Risk Management in W@léslsh Government, 2020fhoreline Management Plans, and Planning
Policy WalegWelsh Government, 2024€)he latter includes additional tools like Technical Advice Notes (TANS)

which guide national and local planning, development, and flood risk management to mitigate the impacts of flooding
on communities and infrastructure.

Evaluation of urgency score

The risk magnitude is assessed as High for present and future scenarios with High confidence. The overall urgency is
More action needed. Highest impacts will be from flood exposure, with additional risks coming from drought and
other extreme events. Whilthe number of people affected increases for future time periods, it never reaches the
thousands of people affected that would change the magnitude to Very High. The confidence is High, which is
dominated by the confidence in the flooding impacts on health.
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Table 3.11Urgency scores fdi2 Risks to people from extreme weather, excluding heat for Wadgails of how the scores in this table
were calculated are in the Methods Chapter.

Magnitude Confidence Urgency

VH: Very High e s+ e |High Critical action needed Fl: Further investigation
High . Medium Critical investigation W8 Watching brief

M: Medium . Low More action needed  Elei¢ Sustain current action

L: Low

WWEIES

H2 Risks to people from extreme weather, excluding heat.

e ) e R e
e O O O O O
o oo O O O N O

Overall urgency
score

MAN
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3.2.3 Risks to people from changes in air qualiti#3

This section explores the current and future risks climate change poses to air quality. Air pollution and climate change
are deeply connected in that (a) they are often caused by the same sources and (b) their effects on each other are
bidirectional. Forhese reasons, they are most effectively tackled together. As a consequence, when assessing the risk
to health caused by the impact of climate change on air quality (and what is being done to lessen this risk), the focus
here is on the risk to health causeg air pollution as a whole, highlighting (where possible) the component climate
change has, or will contribute in the future. Owing to the interconnectedness of these two environmental stressors,

the climate component could feasibly be the consequencea{deast part) of primary/secondary emissions of air

pollution.

Headlines

1 While current and future risk to people from poor air quali@g a consequence of source emissions ply
the additional contribution from climate changleas been scored as Very High (based primarily on
mortality), there idow confidenceover how much climate change contributes to this risk. Thisiésto a
limited evidence baseThis holds true for the UK as a whole, and for each of the devolved
administrations.

1 While phasing out the vast majority of fossil fuels and changes to agricultural practices will reduce
emissions, changes in weather and climate patterns have the potential to exacerbate existing air qu
risks in multiple ways.

9 The future mix of air pollutants in the UK is unclear, as is how harmful they will be for human health
is especially true when multiple air quality and weather stressors interact together.

1 The risk magnitude has changed from High to Very High since &&RR3This is primarily due to this
report assessing total air pollution rather than just the climate component. However, it also reflects
evidence on health impacts of lostigrm exposue to very low levels of air pollution. In recognition of
this, the revised World Health Organisation (WHO) air quality guidelines set more stringent limits.
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Table3.12: Urgency scores fét3 Rsks to people from changes in air qualbetails of how the scores in this table were calculated
in the Methods Chapter.

Magnitude Confidence Urgency

VH: Very High e s+ e |High (@B Critical action needed Fl: Further investigation
High . Medium Cl: Critical investigation W8 Watching brief

M: Medium . Low A E More action needed  [E8AF Sustain current action

L: Low

D
H3 Risks to people from UK - -
s I G

VH VH
changes in air quality < w
VH VH
@ (&)
VH VH
W (&)
VH VH
® W
s
W W

0 OHO@HRSYOS NBf SOyl G2 UKS SyuANS

England

w w
w w

Northern Ireland
w w
w w
w w

Current and future drivers of risk

Climate Hazards: High temperatures enhance the formation of gréenel ozone and particulate matter (PM). This
occurs because of increased emissions of natural precursorshiegenic volatile organic compounds, ammonia) of

air pollutants from vegetation and agricultural land, greater chemical reaction rates of air pollutants formed in the
atmosphere and buildip of local emissions under stagnant meteorological condit{®uyal Society, 2021ntense
temperatures can lead to more wildfires that release large quantities of particularly toxic air pollutants such as PM,
oxides of nitrogen (NOx), ozone and volatile organic compounds (V@KISEA, 2024i (HECC chap.163)de

buildings, high temperatures increase the emission of VOCs from indoor sources, but may reduce the risk of mould
(see BED).

Droughts increase concentrations of PM through witiitven emission of soil and dust, favour wildfires, and reduce

the capacity of vegetation to uptake ozone because of stomatal cldRogal Society, 2021 eavy rainfall removes
pollutants. Sea level rise and heavy rainfall increase the duration and frequency of flooding, which increases the risk
of indoor mould growth(Pakdehkt al, 2025)(see BES). Thunderstorms can rupture pollen and fungal spores (types

of biological air pollutants), making them more respirable and this can trigger asthma epidemics among sensitised
atopic asthmatic individuakElliotet al., 2021; UKHSA, 2022 2023 thunderstorm asthma event in London resulted

in a 15fold increase in paediatric emergency department presentati@tewart, Mahesh and Mulvenna, 2024)

Strong winds can dilute and remove pollutants. Low wind speeds can trap and accumulate pollutants. Wind also
serves to import humamade pollutants from mainland Europe, Saharan dust and volcanic ash from Iceland.

Outdoors, higher humidity can reduce ozone concentrations but promote secondary PM formation (i.e. PM formed in
the atmosphere rather than directly emitted from a source). Indoors, rising humidity supports dampness and mould
growth, particularly in poorlyentilated housing (see BE5). Atmospheric water vapour levels are high in the UK
compared to other parts of the world, making UK homes particularly vulnerable.
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Vulnerability: Air pollution does not affect everyone equally owing to differences in both physiological susceptibility
and risk of exposure. Children face disproportionately high risks from air pollution, owing to their developing organ
systems and higheespiratory rategSheridan, 2019; Defra, 2028regnant people, and their unborn children face
increased risks. PM exposure is linked to low birth weight and reduced lung function in chi(@moibet al., 2017;

Caiet al, 2020, p. 202; Cheet al,, 2021; Deguest al, 2021; RCOG, 2021; COMEAP, 2022) S2 L) SQ&a SELJR:
greater if they live, work or study in locations with high concentrations of air pollution, such as urban areas with high
traffic density. Physiological susceptibility and greater risk of exposure can overlap. For exampéejrplapér
sociaeconomic groups are more likely to (a) have-présting health conditions that constitute physiological
susceptibility(Marmot et al,, 2020)and (b) be exposed to poor-iand outdoor air quality because deprived
neighbourhoods often have higher concentrations of air pollufOiNS, 2020a; Osbormet al., 2021; Williamson,

Nunn and Pearce, 2021)

International elements: Pollutants generated outside the UK contribute to air pollution in the UK when weather
patterns are favourable for this to occur. These include human made emissions from Ebtidpeget al., 2020)
smoke from wildfiregAugustoet al,, 2020) large dust events from the Sahdk4enoet al, 2016) and volcanic
eruptions from IcelandElliotet al., 2010; Twiggt al., 2016)

Assessment of current magnitude of risk

The outdoor air pollutants with the greatest effect on the health of the UK population are PM, nitrogen dioxide (NO2)
and ozone. The main sources of PM and NO2 are human made, with combustion from industry, transport and
domestic sources playing a majoteoThe greatest effects are attributable to PM, measured as PM2.5 (particles
smaller than 2.5 pm diameter) and PM10 (particles smaller than 10 um diam®@taohe is formed by chemical

reactions in the atmosphere and concentrations are determined by cexmelationships between NOx, VOCs and
sunshine. The latest (2019) government estimates of the mortality burden of air pollution in the UK are;29,000
43,000 deaths (central estimate 36,000) per year for PM2.5 and NO2 con{Miitsedkou, Gowers and Exley, 2022)
Reductions in pollutant concentrations since 2019 will have reduced these numbers towards a central estimate of
approximately 30,000 deaths per yg@toyal College of Physicians, 202Z%) pollution also increases the risk of
cardiorespiratory disease, adverse pregnancy outcof@adet al,, 2020; RCOG, 202,1diabeteGBD 2019 Diabetes

and Air Pollution Collaboratoeg al,, 2022) and a decline in mental ability and an increase in deméti@@aMEAP,

2022) Conversely, improvements in air quality are associated with improved health outd&versgelopoulost al.,

2022) The health effects of outdoor air pollution can occur at very low concentrationsftg.@M2.5, as low as 4

png/m3) (Braueret al., 2019; Dominicgt al,, 2022; Stafoggiat al., 2022) In the UK, the risk of cardiovascular disease
increases even at PM2.5 concentrations belonmlg >3k Yo O0A®Sd o6St 26 tanwdp | AN |
(Vanoliet al., 2024)

Over recent decades there has been a decreasing trend in the concentrations of PM2.5 and NO2 in the UK, reflecting
considerable reductions in road vehicle exhaust emissions through improved technology and more electric vehicles.
PM emissions from tyre, bke and road wear friction still occur, however, and may be more harmful to the lung than
diesel exhaust PNParkinet al., 2025)

Indoor air quality is influenced by indoor sources such as smoke from solid fugle/¢ed, coal), NO2 from gas

cooking and boilers, VOCs from consumer products and mould, as well as outdoor air pollution (see BES5). These air
pollutants are associated with respiratory, cardiovascular, neurological and carcinogenic health(€ftextsoet al,

2021; eClinicalMedicine, 2022; Guercio, Doutsi and Exley, 2022; etadig2022; Clarlet al., 2023, 2023; Delgado
Saboritet al, 2024) Ventilation is crucial in reducing concentrations of indoor pollut@ittrouet al., 2022)(see

BES5) but evidence suggests it is usually inadequate to ensure good air quality in the majority of UK homes
(Dimitroulopoulou, 2012; Ministry of Housing, 2019)

Climate change can increase the risks to health from poor air quality by increasing concentrations of several air
pollutants including PM, NO2 and ozone (See Figure 3.2 and 3.3.2.1) but a very limited evidence base prevents this
climate component from bei quantified. During heatwaves, an increase in outdoor ozone concentrations is
observedo { O2 G f I YRQaA 9y @A N Y, a8 gbéxposuresioain follutarBs{Mid; czone) ang high O
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temperatures may amplify individual health rigi&tafoggiaet al, 2023; Zhangt al, 2024; Gaet al, 2025) The key
emissions from wildfires include both PM and NO2, while ozone is also generated in the atmosphere during such
events. PM from wildfire smoke may be more harmful to human health tharfinefPM, especially for
cardiorespiratory health, owing tde presence of more fine and ultrafine particles and toxic géSestuet al,

2022; Alaret al, 2024) Associations exist between higher concentrations and earlier starts to the season of some
pollen and fungal spores, and higher temperatures in thdAltmsGroomet al,, 2022; Blntgert al, 2022; Lanet

al., 2024; UKHSA, 2024b (HECC chap.6))

Climate process Surface concentrations over UK

Wildfires

Affect global O; and PM,
and local PM, NO,, VOC and O,

Increased CH, increases global O

Lightning NO, Affects global O3, but magnitude
emissions and sign of changes uncertain

Soil emissions + Increased NO increases global
and local O3
Vegetation emissions
+

Wetlands/Permafrost

Increased global and local Os,
local NH;, VOC and PM

Stratospheric Increased transport of O3

O3 influx from stratosphere
Stratospheric Slower tropospheric Os
Os recovery 17 | photochemistry due to Os

recovery in the stratosphere

Higher emissions, greater
PM and O; formation

Higher rainfall More effective scavenging of PM

Higher humidity + Lower O3 from Atlantic;

greater PM growth
Changgs in - | - - | - Pollutants build up more, bl:Jt changes
stagnation in occurrence very uncertain

Regional transport Changes in European influx

. uncertain; more dust, fires

Figure3.2: Summary of the impacts of climate change on air quality in th@ aken from Royal Society, 2021)

Reduced deposition of pollutants;
more dust
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Assessment of future magnitude of risk

Outdoor concentrations of PM2.5 and NO2 are anticipated to further decline in coming decades in response to
reduced emissions following changes to regulations, technology, urban planning, agricultural practices, and broader
societal behaviour. Improvemenis air quality will also inevitably begin to slow as many of the largest and most
readily abated sources are addressed. An analysis of the impacts of interventions and policies relating to air quality
indicate that compared to a 2018 baseline, by 2030 2060, exposure to PM2.5 will likely decrease y82% and
28-36% respectively; NO2 exposure will decrease in 2030 and 205044283nd 3%19% respectivelfMacintyreet

al., 2023b) Allowing for projected population growth, annual mortality attributable to ldagn exposure to PM2.5

and NO2 is projected to decrease from 29,8(8)000 in 2018 to 18,8832,342 in 2030 and 18,732,220 in 2050
(Macintyreet al., 2023b)

Concentrations of ozone in urban areas are likely to rise as local NOx emissi(idsffal(AQEG) 2021; Grarggeal,

2021) This is because pollutants such as NOx, that are more prevalent in urban areas, react with or "mop up" ozone
and therefore reduce its concentration. Consequently, estimated emergency respiratory hospital admissions
associated with shorterm effects fromozone exposure under the busineasusual emission policies are projected
(including future population growth) to increase by 4.6% by 2030 and 11.7% by 2050 from a 2018 baseline of 60,488
(Macintyreet al., 2023a) Under a high emission scenario, for England, Scotland and Wales, and accounting for future
population projections, estimated attributable deaths in 2050 associated withtemg exposure are 28,475 for

PM2.5, 15,860 for NO2 and 13,101 for oz¢Renectet al,, 2021)

There is low confidence in the future magnitude of risk to health owing specifically to changes in outdoor air quality
from climate change, owing to considerable uncertainty over the net impact of the broad mix of climate impacts (see
Figure 3.2 and 3.3.2). Another uncertainty is that although we now know that there is no safe level of the current
mix of anthropogenikased PM2.5 that populations are currently exposed to, we do not yet know whether this will
still be the case as sources (and possiblyttixécity) of pollutants shift in a changing environment. It is, however,

likely that improvements in air quality (through reduced emissions) will be slowed or temporarily reversed by climate
change, increasing risks to health once more.

Indoors, under botimiddle-of-the-road SSP21.5 andhighemissionSSP.5 scenarios, limonene (a citrus scent used

in many household products that can react with ozone to produce harmful air pollutants) and mould growth increase
in indoor environments, while ozone rose under S8BfZhacet al., 2024, 2025)Increased concentrations of

limonene are attributed to a higher emission rate from furniture and building materials due to temperature increases
(see BES5, 3.2.5). The risk of mould growth increases under high humidity. For some species of pollerabnd fung
spores, a warmer and wetter climate are expected to further increase growing seasons, level of production and
potency(Kurganskiet al, 2021; UKHSA, 2024i (HECC chap.10))

Level of preparedness for risk

Air quality limit values are legal maximum concentrations for outdoor air pollutants. Limit values for PM, NO2 and
ozone across England, Scotland, Wales, and Northern Ireland are broadly alignedl identical, due to devolved

powers and differing policapproaches. No national government has, however, aligned their air quality standards
GAGK GKS 21 hQa Hnaum AN ljdzrt AGe FdZARSEAYySad ¢KS 51 Af
provides information to the public about outdoor air pgion levels in local areas as well as recommended actions

and health advicéDefra, 2025d)However, it is recognised that Defra air pollution forecasts are typically coomty

regional in geographic scope and lack street or postdedel details that may help support direct behavioural
adjustments; for example, providing guidance on the aapnak of hotspots in cities or by roads. Policy relating to

indoor air pollutants crosses the interfaces of multiple government departments and agencies, leading to a

fragmented regulatory framework and a lack of ownership.

Local initiatives to reduce air pollution integrate actions that include transport, de@n air zones, low traffic
neighbourhoods), urban planning and design, reducing pollution around schools and mon(iiisg CMO, 2022;
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Greater London Authority, 2025)K100, a network of councils across the UK that supports aléotedpid transition
to Net Zero and Clean AlIWK100, 2023)

Non-governmental adaptation occurs through the activities of networks and charitable organisations. This includes
Asthma & Lung UK, Mums for Lungs, Global Action Plan. There is guidance for local authorities on integrating action
on air quality and climatehange by thénstitution of Environmental Sciencéz024)

Assessment of the evidence base and evidence gaps

Information is missing on the extent to which a changing climate will affect the risk to health caused by poor air
quality, specifically: health effects of interactions between air pollutants and a changing climate; harm to health of a
future pollutant mixunder the influence of climate change; how climate chadgeen behaviours could modify

personal exposure to air pollutiqyKHSA, 2024g (HECC chapefipcts of home decarbonisation (in new buildings

and retrofitted infrastructure) on concentrations of indoor air pollutants and consequential health be@i¢KtdSA,
2024a (HECC chap;5h understanding of the composition of UK wildfire smoke and its 4bort and longterm

impact on mortality and morbiditflUKHSA, 2024i (HECC chap.10))

0odPHOYAAE I VR
Assessment of current magnitude of risk

The current magnitude of risk caused by total air pollution (i.e. source emissions plus the additional contribution from
climate change) is Very High. This is based on a total of 26,000 to 38,000 annual de&thdédéhs per 100,000)
attributed to outdoor anthropogenic air pollutio@Mitsakou, Gowers and Exley, 2022he confidence of this

magnitude score is Low for this risk to health, owing to uncertainty in changes in air quality from climate change (due
to a limited evidence base).

Assessment of future magnitude of risk

There is a particular risk of wildfires over the moorland regions of northern England, affecting surrounding regions
including population centres. Southeast England is more likely to be affected by heatwaves and droughts and with
that, greater exposure tpollutants (particularly PM and ozone) from UK sources and inflow from E(Rupel

Society, 2021)An analysis of air quality, ambient temperatures, and climate change adaptation plans in 30 UK cities
(covering around 17.3 million of the UK population and including the capitals of England, Northern Ireland, Scotland
and Wales) found that London andrffaridge exhibit the highest risk of both extreme temperature and air pollution
(Chauharet al., 2025) The air of western coastal regions may be cleansed by stronger westerly flow and greater
wintertime rainfall.

In a 2030s, central warming scenario, the risk caused by total air pollution (i.e. source emissions plus the additional
contribution from climate change) without adaptation (i.e. air pollution emission policies) is Very High. This is based
on a total of 28701 to 41,948 annual deaths 4@ deaths per 100,000) attributed to outdoor air pollution arising

from anthropogenic emissions. Number of deaths calculated by extrapolating, using the 10.39% increase in
population from 2019 to 203B0NS, 2020b, 2025he mortality burden in 2018Mitsakou, Gowers and Exley, 2022)

to that in 2035. The risk with adaptation is Very High. This is based on a total of-26,082 deaths (282 deaths

per 100,000) attributable to the effects of lotgrm exposure to PM2.5 & NQRlacintyreet al, 2023b)and 50,101
annual total of daily emergency respiratory admissions associated with-&rartozone exposur@Macintyreet al,
2023a)under current UK & European emission policiégere is however low confidence (due to a limited evidence
base) in this risk to health owing to changes in air quality from climate change, and this is the case with and without
adaptation.
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In a 2050s central warming scenario the risk caused by total air pollution (i.e. source emissions plus the additional
contribution from climate change) without adaptation is Very High. This is based on a total 0f-86,880 annual
deaths (4668 deaths pr 100,000) attributed to outdoor air pollution arising from anthropogenic emissions. Number
of deaths calculated by extrapolating, using the 18.58% increase in population from 2019 {@20552020b, 2025)
the mortality burden in 2019Mitsakou, Gowers and Exley, 202@}hat in 2055. A total of 14,2524,400 deaths (22

37 deaths per 100,000) attributable to the effects of ldagn exposure to PM2.5 & NQ®lacintyreet al., 2023b)

and 52,319 annual total of daily emergency respiratory admissions associated witlieshozone exposure
(Macintyreet al., 2023ajunder current UK & European emission policies (no account of climate ch@ahgeg. is
however low confidence (due to a limited evidence base) in this risk to health owing to changes in air quality from
climate change, and this is the case with and without adaptation.

In a 2080s, central warming scenario, the risk caused by total air pollution (i.e. source emissions plus the additional
contribution from climate change) without adaptation is Very High. This is based on a total of-82,479 annual

deaths (4668 deathgper 100,000) attributed to outdoor air pollution arising from anthropogenic emissions. Number
of deaths calculated by extrapolating, using the 24.92% increase in population from 2019 {@20852020b, 2025)

the mortality burden in 2019Mitsakou, Gowers and Exley, 202@}hat in 2085. In the absence of projections, the
prediction of risk with adaptation involves expert judgment where there is a high level of agreement. While air quality
in the late century will substantially benefit from the phasing out of the vasbnigjof fossil fuels and changes to
agricultural practices, events such as heatwaves and drought will worsen outdoor air quality and, in turn, the quality
of indoor air (see BE5). Events such as sea level rise, heavy rainfall and thunderstorms ahbloitingk of damp
buildings, increased growth of indoor mould and increase asthma epidemics among sensitised atopic asthmatic
individuals (see BE5). Without response planning, particularly within urban areas, there is potential for the risk to
remain Vey High.There is, however, low confidence (due to a limited evidence base) in this risk to health owing to
changes in air quality from climate change, and this is the case with and without adaptation.

Level of preparedness for risk

Regarding the reduction of air pollutant emissions, there are two air quality targets for PM2.5 in England: a legal
target to meeting an annual average 10 ug/m3 limit value by 2040; and an interim target of 12 ug/m3 by the end of
January 2028Defra, 2019 (Clean Air Strategy); HM Government, 2021 (EnvironmentAdjlional anthropogenic
emission adaptation to that currently in place is needed to meet the target limit value of PM2.5 of 10 ([2éfin&,

2022)

Approved Document F includes a methodology that helps maintain adequate levels of ventilation when energy
efficiency measures are install¢fHCLG, 2022 he Air Quality (Domestic Solid Fuels Standards) (England)

Regulations 202(HM Government, 202®anned the sale of traditional house coal completely in England from May
HNHO O6FfGK2dAK Wavy21StSaaQ FdzSta FINB adAatt LISNN¥AGOHSRY
moisture content in order to reduce PM2.5 emissions when bdrne

With regard to reduction in a worsening of air quality owing to climate change, a Centre for Climate and Health
Security has been established within the UKHSA to protect health in the context of a changing climate. Activities
include: systematic review dhe evidence for the health effects due to exposure to skiertn ozone being modified
by increases in temperatuf@ KHSA, 2024a (HECC chapg)nning, response, and awareness of wildfires as well as
strengthening the evidence base on wildfires and he@ltKHSA, 2024g (HECC chapré¥earch into aeroallergens
(UKHSA, 2024b (HECC cham®))) publication of guidance on damp and mould for rented housing provifH< LG,
DHSC, and UKHSA, 2024)

Evaluation of urgency score

Due to the Very High projected magnitude for the risk caused by total air pollution (i.e., source emissions plus the
additional contribution from climate change) but Low confidence (due to a limited evidence base) in the size of the
contribution from the dimate change component, this risk has been scored as Critical investigation.
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N.B. The High magnitude score for a low warming 2080 scenario is based on expert opinion: improved air quality
because of (a) the phasing out of the vast majority of fossil fuels and improved agricultural practices and (b) lower
warming outcomes (e.g., hiwvaves, sea level rises).

Table 3.13Urgency scores fdi3 Risks to people from changes in air quality for Eng2ethils of how the scores in this table were
calculated are in the Methods Chapter.

Magnitude Confidence Urgency

VH: Very High e s+ e |High (@B Critical action needed Fl: Further investigation
High . Medium Cl: Critical investigation W8 Watching brief

M: Medium . Low A E More action needed  [E8AF Sustain current action

L: Low

England

H3 Risks to people from changes in air quality.

-----
Urgency scores -

Overall urgency
score

Cl
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Assessment of current magnitude of risk

The current magnitude of risk caused by total air pollution (i.e. source emissions plus the additional contribution from
climate change) is Very High. This is based on a total of 470 to 730 annual desg8Blgihs per 100,000)

attributed to outdoor anhropogenic air pollutiorfMitsakou, Gowers and Exley, 2022he confidence of this

magnitude score is Low for this risk to health, owing to uncertainty in changes in air quality from climate change (due
to a limited evidence base).

Assessment of future magnitude of risk

In a 2030s central warming scenario, the risk caused by total air pollution (i.e. source emissions plus the additional
contribution from climate change) without adaptation (i.e. air pollution emission policies) is Very High. This is based
on a total of 4840 752 annual deaths (259 deaths per 100,000) attributed to outdoor air pollution arising from
anthropogenic emissions. Number of deaths calculated by extrapolating, using the 2.97% increase in population from
2019 to 2035§ONS, 2020b, 2025he mortality burden in 2018Mitsakou, Gowers and Exley, 202@}hat in 2035.

The risk with adaptation is Very High. This is based on a total 623 Bleaths (148 deaths per 100,000)

attributable to the effects of longerm exposure to PM2.5 & NG®lacintyreet al, 2023b)and 3,269 annual total of

daily emergency respiratory admissions associated with dleont o0zone exposuréMacintyreet al,, 2023aJunder

current UK & European emission policies (no account of climate change). There is however Low confidence (due to a
limited evidence base) in the risk to health owing specifically to changes in air quality from climate change, and this is
the case wihout and with adaptation.

In a 2050s, central warming scenario, the risk caused by total air pollution (i.e. source emissions plus the additional
contribution from climate change) without adaptation is Very High. This is based on a total of 473 to 735 annual
deaths (2539 deaths pe100,000) attributed to outdoor air pollution arising from anthropogenic emissions. Number

of deaths calculated by extrapolating, using the 0.7% increase in population from 2019 t®0852020b, 2025)

the mortality burden in 2019Mitsakou, Gowers and Exley, 202@}hat in 2055. The risk with adaptation is Very

High based on a total of 2687 deaths (1427 deaths per 100,000) attributable to the effects of ldegn exposure

to PM2.5 & NOZMacintyreet al, 2023b)and 3,270 annual total of daily emergency respiratory admissions

associated with shorterm ozone exposur@Macintyreet al, 2023a)Junder current UK & European emission policies

(no account of climate change). There is however Low confidence (due to a limited evidence base) in the risk to health
owing specifically to changes in air quality from climate change, and this is the cassdivithout adaptation.

In a 2080s, central warming scenario, the risk caused by total air pollution (i.e. source emissions plus the additional
contribution from climate change) without adaptation is Very High. This is based on a total of 422 to 655 annual
deaths (2539 deaths pe100,000) attributed to outdoor air pollution arising from anthropogenic emissions. Number

of deaths calculated by extrapolating, using the 10.23% decrease in population from 2019 {©2B52020b,

2025) the mortality burden in 201@Mitsakou, Gowers and Exley, 202@}that in 2085. In the absence of

projections, the prediction of risk with adaptation involves expert judgment where there is a high level of agreement:
while air quality in the late century will substantially benefit from the phasing out of the vasirityapf fossil fuels

and changes to agricultural practices, increases in heatwaves and drought will worsen outdoor air quality and, in turn,
the quality of indoor air (see BE5). Events such as sea level rise, heavy rainfall and thunderstorms withdgriigkab

of damp buildings, increased growth of indoor mould and increase asthma epidemics among sensitised atopic
asthmatic individuals (see BES). Without response planning, particularly within urban areas, there is potential for the
risk to remain Very igh. There is however Low confidence (due to a limited evidence base) in the risk to health owing
specifically to changes in air quality from climate change, and this is the case with and without adaptation.

Level of preparedness for risk
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The first Clean Air Strategy for Northern Ireland (due to be published in 2025) cites the need for integrated and
coordinated strategies on air quality and carbon reduction to be coordind@ERA, 2020Environmental
Improvement Plan for Northern Irela®AERA, 2024apPraft Green Growth Strategy for Northern IrelgfAERA,
2021) Climate Northern Ireland have an online tool kit to support the first phase of climate adaptation planning in
local councilg¢Climate Northern Ireland, 2025)

Evaluation of urgency score

Due to the Very High projected magnitude for the risk caused by total air pollution (i.e. source emissions plus the
additional contribution from climate change) but Low confidence (due to a limited evidence base) in the size of the
contribution from the dimate change component, this risk has been scored as Critical investigation.

N.B. The High magnitude score for a low warming 2080 scenario is based on expert opinion: improved air quality
because of (a) the phasing out of the vast majority of fossil fuels and improved agricultural practices and (b) lower
warming outcomes (e.gheatwaves, sea level rises).

Table 3.14Urgency scores fdi3 Risks to people from changes in air quality for Northern Ire@ethils of how the scores in this table
were calculated are in the Methods Chapter.

Magnitude Confidence Urgency

VH: Very High e s+ e |High (@B Critical action needed Fl: Further investigation
High . Medium Cl: Critical investigation W8 Watching brief

M: Medium . Low A E More action needed  [E8AF Sustain current action

L: Low

Northern Ireland

H3 Risks to people from changes in air quality.

2030 2050
] ]
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w
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e - | - W

Overall urgency
score
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Assessment of current magnitude of risk

The current magnitude of risk caused by total air pollution (i.e. source emissions plus the additional contribution from
climate change) is Very High. This is based on a total of 1,800 to 2,700 annual dedhsléashs per 100,000)

attributed to outdooranthropogenic air pollutioriMitsakou, Gowers and Exley, 2022he confidence of this

magnitude score is Low for this risk to health, owing to uncertainty in changes in air quality from climate change (due
to a limited evidence base).

Assessment of future magnitude of risk

There is a particular risk of wildfires over the moorland regions of Scotland, affecting surrounding regions including
population centres. The air of western coastal regions may be cleansed by stronger westerly winds and greater
wintertime rainfall(Royal Society, 2021)

In a 2030s central warming scenario, the risk caused by total air pollution (i.e. source emissions plus the additional
contribution from climate change) without adaptation (i.e. air pollution emission policies) is Very High based on a
total of 1,880 to 2,20 annual deaths (289 deaths per 100,000) attributed to outdoor air pollution arising from
anthropogenic emissions. Number of deaths calculated by extrapolating, using the 4.44% increase in population from
2019 to 20350ONS, 2020b, 2025he mortality burden in 2018Mitsakou, Gowers and Exley, 202@}hat in 2035.

The risk with adaptation is Very High based on a total of 1'B®B deaths (233 per 100,000) attributable to the
effects of longterm exposure to PM2.5 & NQ®acintyreet al., 2023b)and 8,644 annual total of daily emergency
respiratory admissions associated with sht@tm ozone exposuréMacintyreet al., 2023aunder current UK &
European emission policies (no account of climate change). There is however Low confidence (due to a limited
evidence base) in the risk to health owing specifically to changes in air quality from climate change, and this is the
case wihout and with adaptation.

In a 2050s, central warming scenario, the risk caused by total air pollution (i.e. source emissions plus the additional
contribution from climate change) without adaptation is Very High based on a total of 1,905 to 2,857 annual deaths
(25-39 deaths per 10000) attributed to outdoor air pollution arising from anthropogenic emissions. Number of
deaths calculated by extrapolating, using the 5.83% increase in population from 2019 tS52020b, 2025he
mortality burden in 201gMitsakou, Gowers and Exley, 2022Yhat in 2035. The risk with adaptation is Very High
based on a total of 1075805 deaths (181 per 100,000) attributable to the effects of loteym exposure to PM2.5

& NO2(Macintyreet al, 2023b)and 8,644 annual total of daily emergency respiratory admissions associated with
shortterm ozone exposuréacintyreet al, 2023aunder current UK & European emission policies (no account of
climate change). There is, however, Low confidence (due to a limited evidence base) in the risk to health owing
specifically to changes in air quality from climate change, and this is the dhsgnd without adaptation.

In a 2080s, central warming scenario, the risk caused by total air pollution (i.e. source emissions plus the additional
contribution from climate change) without adaptation is Very High based on a total of 1,893 to 2,839 annual deaths
(25-39 deaths per 10000) attributed to outdoor air pollution arising from anthropogenic emissions. Number of
deaths calculated by extrapolating, using the 5.14% increase in population from 2019 t(O20552020b, 2025he
mortality burden in 201g¢Mitsakou, Gowers and Exley, 202@}that in 2085. In the absence of projections the
prediction of risk with adaptation involves expert judgment where there is a high level of agreement: while air quality
in the late century will substantially benefit from the phasing out of the vast ritgjof fossil fuels and changes to
agricultural practices, increases in heatwaves and drought will worsen outdoor air quality and in turn, the quality of
indoor air (see BES). Events such as sea level rise, heavy rainfall and thunderstorms will btinglabbdamp

buildings, increased growth of indoor mould and increase asthma epidemics among sensitised atopic asthmatic
individuals (see BE5). Without response planning, particularly within urban areas, there is potential for the risk to
remain Very Hig. There is, however, Low confidence (due to a limited evidence base) in the risk to health owing
specifically to changes in air quality from climate change, and this is the case with and without adaptation.
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Level of preparedness for risk

Scotland has air quality target for PM2.5 of 10ug m3. Cleaner Air for Scot{&adtish Government, 202icludes

Fy WLYGSANFGSR t2tA08Q Ay S6KAOK AG adlrdSa GKIFG adNy G
climate change mitigation and adaptation should be closely coordinated and aligned with those for air quality to
maximise cebenefits. Air quality is included in the Climate Ready School Grounds guidachéecture & Design

Scotland, 2023)The New Build Heat Standard designed to reduce emissions from domestic heating was heavily
scaled back following publicatig&cottish Government, 2025a)

Evaluation of urgency score

Due to the Very High projected magnitude for the risk caused by total air pollution (i.e. source emissions plus the
additional contribution from climate change) but Low confidence (due to a limited evidence base) in the size of the
contribution from the dmate change component, this risk has been scored as Critical investigation.

N.B. The High magnitude score for a low warming 2080 scenario is based on expert opinion: improved air quality
because of (a) the phasing out of the vast majority of fossil fuels and improved agricultural practices and (b) lower
warming outcomes (e.gheatwaves, sea level rises).

Table 3.15Urgency scores fdi3 Risks to people from changes in air quality for Scatlaathils of how the scores in this table were
calculated are in the Methods Chapter.

Magnitude Confidence Urgency

VH: Very High e s+ e |High (@B Critical action needed Fl: Further investigation
High . Medium Cl: Critical investigation W8 Watching brief

M: Medium . Low A E More action needed  [E8AF Sustain current action

L: Low

Scotland

H3 Risks to people from changes in air quality.

2030 2050
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Overall urgency
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Assessment of current magnitude of risk

The current magnitude of risk caused by total air pollution (i.e. source emissions plus the additional contribution from
climate change) is Very High based on a total of 1,200 to 2,000 annual deat 1§88 100,000) attributed to

outdoor anthropogenic i& pollution (Mitsakou, Gowers and Exley, 2022he confidence of this magnitude score is

Low for this risk to health, owing to uncertainty in changes in air quality from climate change (due to a limited
evidence base).

Assessment of future magnitude of risk

There is a particular risk of wildfires over the moorland regions of Wales, affecting surrounding regions including
population centres.

In a 2030s, central warming scenario, the risk caused by total air pollution (i.e. source emissions plus the additional
contribution from climate change) without adaptation (i.e. air pollution emission policies) is Very High based on a
total of 1,275 to 2124 annual deaths (383 per 100,000) attributed to outdoor air pollution arising from

anthropogenic emissions. Number of deaths calculated by extrapolating, using the 6.22% increase in population from
2019 to 2035§ONS, 2020b, 2025he mortality burden in 2018Mitsakou, Gowers and Exley, 2022Yhat in 2035.

The risk with adaptation is Very High based on a total of 17282 (2343 per 100,000) deaths attributable to the

effects of longterm exposure to PM2.5 & NQ®acintyreet al., 2023b)and 3,480 annual total of daily emergency
respiratory admissions associated with sht@tm ozone exposuréMacintyreet al., 2023a)under current UK &

European emission policies (no account of climate change). There is, however, Low confidence (due to a limited
evidence base) in the risk to health owing specifically to changes in air quality from climate change, and this is the
case vith and without adaptation.

In a 2050s, central warming scenario, the risk caused by total air pollution (i.e. source emissions plus the additional
contribution from climate change) without adaptation is Very High based on a total of 1,334 to 2,224 annual deaths
(38-63 per 100,000)t&ributed to outdoor air pollution arising from anthropogenic emissions. Number of deaths
calculated by extrapolating, using the 11.2% increase in population from 2019 td @85 2020b, 2025he

mortality burden in 201gMitsakou, Gowers and Exley, 2022Yhat in 2055. The risk with adaptation is Very High

(VH) based on a total of 74¥848 deaths (268 per 100,000) attributable to the effects of loteym exposure to

PM2.5 & NOZMacintyreet al., 2023b)and 3,556 annual total of daily emergency respiratory admissions associated
with shortterm ozone exposuréacintyreet al, 2023a)under current UK & European emission policies (no account
of climate change). There is, however, Low confidence (due to a limited evidence base) in the risk to health owing
specifically to changes in air quality from climate change, and this is the ¢hseivand with adaptation.

In a 2080s, central warming scenario, the risk caused by total air pollution (i.e. source emissions plus the additional
contribution from climate change) without adaptation is Very High based on a total of 1,354 to 2,258 annual deaths
(38-63 per 100,000)t&ributed to outdoor air pollution arising from anthropogenic emissions. Number of deaths
calculated by extrapolating, using the 12.88% increase in population from 2019 t¢QB&, 2020b, 2025he

mortality burden in 201gMitsakou, Gowers and Exley, 202@Yhat in 2085. In the absence of projections the
prediction of risk with adaptation involves expert judgment where there is a high level of agreement: while air quality
in the late century will substantially benefit from the phasing out of the vast ritgjof fossil fuels and changes to
agricultural practices, increases in heatwaves and drought will worsen outdoor air quality and in turn, the quality of
indoor air (see BES). Events such as sea level rise, heavy rainfall and thunderstorms will btinglabbdamp

buildings, increased growth of indoor mould and increase asthma epidemics among sensitised atopic asthmatic
individuals (see BES). Without response planning, particularly within urban areas, there is potential for the risk to
remain Very Hig. There is, however, Low confidence (due to a limited evidence base) in the risk to health owing
specifically to changes in air quality from climate change, and this is the case without and with adaptation.
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Level of preparedness for risk

The Environment (Air Quality and Soundscapes) (Wales) Act (2024) aims to establish a PM2.5 target by February 202
(Welsh Government, 2024cyhere are actions to ensure that a risk from climate change is considered in future policy
development to improve air qualifWelsh Government, 2024b)pdate to the Building Regulations part F

(ventilation) addresses overheating and indoor air quglielsh Government, 2025a)

Evaluation of urgency score

Due to the Very High projected magnitude for the risk caused by total air pollution (i.e. source emissions plus the
additional contribution from climate change) but Low confidence (due to a limited evidence base) in the size of the
contribution from the dmate change component, this risk has been scored as Critical investigation.

N.B. The High magnitude score for a low warming 2080 scenario is based on expert opinion: improved air quality
because of (a) the phasing out of the vast majority of fossil fuels and improved agricultural practices and (b) lower
warming outcomes (e.gheatwaves, sea level rises).

Table 3.16Urgency scores fd13 Risks to people from changes in air quality for Waletails of how the scores in this table were
calculated are in the Methods Chapter.

Magnitude Confidence Urgency

VH: Very High e s+ e |High (@B Critical action needed Fl: Further investigation
High . Medium Cl: Critical investigation W8 Watching brief

M: Medium . Low A E More action needed  [E8AF Sustain current action

L: Low

Wales

H3 Risks to people from changes in air quality.

2030 2050 2080
I ) ) e e e

oo I P PR PR G PG
il
o - | ]

Overall urgency
score
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3.2.4Rislksto people from climatesensitiveinfectiousdiseases; H4

Climatesensitive infectious diseases are diseases caused by pathogens (such as bacteria, viruses, and parasites)
whose transmission, incidence or spatial distribution is influenced by weather patterns or climate conditions. Climate

change is influencindne risk of transmission of many of these diseases. Cligatsitive infections have different

transmission pathways that can be useful for understanding policy and adaptation solutions, including but not limited

to 1) vectorborne (infections caused by gsites, viruses and bacteria which are transmitted by bifssdling

arthropod vectors), 2) wateiand foodborne and 3) aiborne. In our summaries, we use these categorisations, but in

the main evidence base we sort by individual pathogen, as many of bave multiple routes of transmission
(UKHSA, 2024c (HECC chapVjjilst other healthrelated issues linked to climatensitive diseases, such as those
from antimicrobial resistance (AMR), are discussed in this risk, only the risk to people from-cslémsitieve infectious

diseases is included in the urgency scores.

Headlines

and Spain.

strategies.

the UK.

1 West Nile virus and tickorne encephalitis have recently been detected in the UK for the first time.
Outbreaks of dengue and chikungunya are now being reported in neighbouring countries, such as

1 There is strong evidence for the impact of weather and climate on some pathogens such as
CampylobacterSalmonellaandVibrio, but for many others the evidence is currently lacking. Enhance
pathogen monitoring is the first step to strengthening this evidence and helping identify adaptation

1 There is a lack of modelling studies projecting future risk from all clisetsitive infectious diseases fo
1 The magnitude of this risk has not changed since CORFR, even with the detection of new

pathogens. This is because the new evidence has not been analysed thoroughly enough to unders
changes in geographical patterns and future projections.

Table3.17: Urgency scores for H4 Risks to people from cliseisitive infectious disease. Details of how the scores in this table v

calculated are in the Methods Chapter.

Magnitude Confidence

VH: Very High * e« o | High
High . Medium

M: Medium . Low
Low

I I 2 K

H4  Risks to people from
climate-sensitive

infectious diseases England

Scotland

Wales

Northern Ireland

Urgency

(W' Critical action needed FI: Further investigation
Cl: Critical investigation  \[Y[:% Watching brief

A E More action needed  [E8AF Sustain current action

W 0 W w w w
M M M M
W 0 W w w w
M M M M
w w w w
M M M M
w o w w w
M M M M
W W w w w
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Current and future drivers of risk

The response of climatgensitive infectious diseases to changes in weather and climate patterns depends on a
complex mixture of human behaviour, host behaviour, human physiology, and pathogen sensitivity. Increased
heatwaves and warmer annual temperaturesn facilitate development, geographical spread, and active season of
vectors like mosquitoes and ticks, raising the risk of diseases such as dengue and Lyme disease. They can also enhar
bacterial proliferation, heightening incidences of food and wdterne illnesses. Hotter periods, including milder

winters, can accelerate pathogen development rate and extend or lengthen the period of the year when infection risk
is greatest. For instance, cases of fdmtne disease infections such &almonellaand Campylobacteare highest

during the summer, but may become common in spring/autumn or even during wairaaraverage winter seasons
(Kuhnet al., 2020) Sustained changes in climate patterns may allow for the establishment and survivalmditien

vectors, as well as warm wateelated pathogens such a&briospp. and bluegreen algae. Conversely, some areas

may become too hot or dry and thus unsuitable for survival of these vectors and pathogens. Climate change may also
alter human behaviour, which can increase exposure to pathogens and vectoysife.tp increased water storage

and visitation to green and blue spaces during hotter weather). Regpwdater storage, there is currently little

evidence to distinguish the risks associated with public and private supplies, though a scoping review conducted by
Public Health Wale023e)suggested private supplies may have a low(er) level of compliance to water quality
standards.

Beyond temperature, other weather changes may also be important. For example, changing humidity may alter
pathogen and vector survival rates and changing rainfall may affect transmission pathways. Extreme rainfall and river
flooding during summer months England has already resulted in extremely high densities of mosquitoes, causing
nuisance biting to local residenfgauxet al, 2021)

Certain vulnerable groups face heightened risks from clirsatesitive diseases, including older adults, young
children, pregnant people, individuals with chronic health conditions, secimomically disadvantaged populations,
and communities with limitethealthcare acces$aavola, 2017)Those who live or work rurally, as well as people
taking part in certain types of work, sports and recreations may be at risk, including outdoor workers, hikers and
recreational water users (such as wild swimmers or surfers). In addition, peoplerifiogd-prone areas may be at
risk from mosquitoes and waterborne pathogens following floods.

Risk interactions: Climate change will have effects on infectious diseases in many countries outside of the UK.
International trade and travel are key pathways through which these global effects may impact the UK through the
introduction of diseases and g®rs into the UK (Reisen et al., 2009), especially if climate change creates local
O2yRAUGAZ2YE G6KAOK INB adadlrofS F2NJ GKS @SOG2Nna Sadl of
greening and increasing biodiversity can offer opportiesifor improved health and wellbeing. If these spaces are
inadequately developed, however, they may inadvertently create favourable habitats for disaasmitting

mosquitoes and ticks, bringing people into closer contact with tii®mith et al., 2024)

Higher infection rates may increase health service demand (H6), leading to delays in care for other conditions and
impacting overall health outcomes for the population. Treatment may require antibiotics, which may increase
opportunities for antimicrobialresistance to arise. Changes to the geographical spread and prevalence of pathogens
may impact food security (N11). Flooding and drought (H2) increase the risk of bathing and drinking water sources
being contaminated with pathogens.

Assessment of current magnitude of risk

The incidence of many infectious diseases has changed over time, but it is unclear to what degree these changes can
be attributed directly to climate change as food hygiene practices have impfbagdet al., 2009) vaccination
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programmes have been introduced (for example, rotavi{Atshisonet al., 2016) and trade, travel and urbanization
have impacted disease spread.

For some climatsensitive infectious diseases (suctSatmonellaCampylobacteandVibrig) there is good evidence

of the climatic impact on an increase in case numbers and/or pathogen presence, even if absolute numbers are hard
to establish. However, there are some pathogens where the relationship between weather variables and disease is
lackng, particularly for different regions of the UK (see below sections). There is good evidence of the impact of
weather on vectors and vectdrorne diseases, althobgt is incredibly difficult to ascertain the impact of weather

alone. For example, the impact on health from reduced recreational water quality is considered low, which is largely
based on the lack of evidence for deaths in systematic or-sgstématic gnthesis of both observational and non
observational studies.

As such, the current magnitude scores for all four nations have been assessed as medium, reflecting the current
burden of climate sensitive diseases. The confidence around the magnitude score for most nations is medium,
although Northern Ireland is scoredlow due to the lack of studies based in Northern Ireland compared with the
other nations.

Foodborne and waterborne infections

CampylobacterBacteria that cause diarrheal illness and is often associated with foodborne transniSsidrer,

Hashmi and Paterek, 2024jlthough wider environmental exposures may also be important. Manpddkd studies
showCampylobacteincidence increases as temperatures increase, up to a threshold, but uncertainty remains in the
literature as to the casual mechanism with some conflicting regutisiset al, 2005; Tanet al, 2006; Laket al.,

2009; Sandersoet al,, 2018; Djennaet al, 2019; laconet al., 2024)

SalmonellaBacteria that cause food poisoning from contaminated meat, eggs, or water, and prevalence increases
with temperature(Kovatset al., 2004; Laket al, 2009) For example, in Scotland, there was a 4.7% increase in
Salmonellacases for every degree rise over a 3°C threshold (95% €132, hilst in England and Wales there was a
12.4% increase iBalmonellacases per every degree rise over a 5°C threshold (95% CL3L3)Kovatset al., 2004)
Similarly, there was a positive association with cases of the two most reported tyBednadbnellgserovars)
(Salmonelle&Enteritidis andSalmonellalyphimurium) and temperature (current and previous week) in England and
Wales(Lakeet al., 2009)

Vibrio: Bacteria that cause severe skin and gastrointestinal infections that thrive and multiply in warm waters and are
naturally found in coastal watef¥ezzullet al, 2016) Infection can occur following consumption of raw or

undercooked seafood or fish, as well as ingestion or exposure to contaminated water. Increases in coastal water
temperatures have resulted in the detection of some vibrio species in UK shellfish séhgaiesonet al., 2022)

During the 2018 heatwave event and into 20¥hrio parahaemolyticyd/ibrio vulnificusndVibrio choleraavere

present at high concentrations in water samples from one UK estuarine site, with greater abundances corresponding
to higher water temperatures and lower saliniiyordet al,, 2020)

Shiga toximproducingEscherichia colSTEC): A group Bf colbacteria normally transmitted through contaminated
food that produce harmful toxins, which cause severe infection in huB@®C, 2025Mn outbreak in 2022 was

likely caused by Ugrown lettuce crops becoming contaminated during an adverse flooding event, where following
droughtlike conditions, two months of rain fell in the region over aHir period(Cunninghanet al., 2024)

CryptosporidiumA waterborne and fooeborne parasite that causes cryptosporidio@iBiKHSA, 2024nPne study

using data from the 1990s reported a 27% increase in cases if the cumulative rainfall in the preceding week was high
(Naumoveet al, 2005) However, in the early 2000s, drinking water regulations were strengthened and many recent
outbreaks, such as the outbreak of >100 cases in Devon, are associated with faulty infras{RBBtDidews, 2024)
However, such system vulnerabilities can be amplified by adverse weather events (further information in 19: risks to
water supply and wastewater systems).

CCRA4ATechnical Reportiealth and Wellbeing 194



Norovirus: A virus, often spread through contaminated food, that causes vomiting and dia(Nid&a 2024 )or
England and Wales, one study found a 15% reduction in norovirus reports if the month preceding was 1°C warmer,
whereas a 1% increase in relative humidity led to a 2% decrease in répgpteanret al, 2009)

Rotavirus: A virus that primarily causes gastroenteritis, particularly severe diarrhoea, vomiting, fever, and abdominal
pain in infants and young childre@DC, 2024 An inverse relationship with temperature has been repofi&tthison

et al, 2009) The effect of temperature was broadly similar in England, Wales and Scotland, ranging f&%07%
decrease in cases per 1°C rise in mean weekly temper@iiicisonet al., 2009)

Air-borne infections

LegionellaA bacterium that can cause respiratory illnesses in humans through inhalation of contaminated airborne
water droplets(NHS, 2023)with increases in risk associated with increases in temperature in the preceding two
months and increases in rainfall in the preceding wigdéddsbyet al, 2014)

Airborne viruses: For some pathogens, such as adenoviruses, respiratory syncytial virus (RSV), influenza A and B
viruses and human metapneumovirus, temperatures were significantly colder on days when the pathogens were
detected compared with days where thevere not, and in some cases increased temperatures causes shortened
infection seasongDonaldson, 2006)n contrast, there were other pathogens such as rhinoviruses and human
parainfluenza viruses where there was no significant difference in abundance between warmer and coldBrideys
Graham and Ramalingam, 2018asonal coronavirus cases (not including SXR&) were significantly higher

when air temperatures were below 10°C and relative humidity was above 84% in the two weeks preceding diagnosis
(Nicholset al.,, 2021)

Vectors and vecteborne diseases

Ticks and associated diseases: In the UK, the sheejixticles ricinusis the most widely distributed tick species, and
most likely to bite people and carries the bacteria which causes Lyme disease. It is found in a range of habitats
including woodland, heathland, grazed and scrub grassland, urban parks and gardens.sBassilence conducted

by the UK Health Security Agency (UKHSA) suggests tick distribution has expanded across much of the UK in recent
years, which may be driven by several factaduding changes in weather and climate, but also woodland cover and
connectivity, deer densities and human behavi@@andy, Hansford and Medlock, 202Bhe number of ticks

infected with the Lyme disease bacteria is also different across halb@atket al, 2021; Medloclet al,, 2022) This
highlights the importance of considering that biodiversity initiatives to increase woodland cover through planting
trees, woodland regeneration and rewilding could alter the microclimate and increase habitat availability for ticks and
hosts(UKHSA, 2024d (HECC chap.8))

Since 2019there have been several probable cases oftigkne encephalitis virus (TBEv) acquired in the UK, as well
as seropositivity (test results suggesting previous exposure to the virus) of deer detéotedctet al, 2019;
Mansbridgeet al., 2022; Callabgt al., 2025) Deer were more likely to be positive for TBEv in sites with a high
percentage cover of coniferous woodland, and higher rate of spring warming or mean annual surface temperature
(Hassalkt al., 2025)

As the UK experiences warmer temperatures and changing rainfall patterns due to climate change, conditions may
become more conducive for mosquitoes to survive and breed. The mosquitoes of primary concern for disease
transmission currently and in a changicignate include species belonging to theophelesAedesand Culexgenera.

Culex modestys vector for West Nile Virus, is being found in more locations around the UK, especially in the south,
but also as far north as Suffqi{auxet al,, 2024) West Nile Virus was detected in UK mosquitdedes vexandor

the first time in July 202@ruceet al, 2025) Evidence from the USA, where the first detection of West Nile Virus was
in New York in 1999, suggests it spreads geographically at a fast rate, and is extremely difficult to €dliptitset

al,, 2012) Eggs oAedes albopictysa vector for several infections including dengue, were first detected in a

motorway service station in Kent in September 2Q@dlocket al, 2017) and there have been further detections of
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eggs and larvae sin€®auxet al, 2019; Johnstoet al., 2025) Locally transmitted dengue outbreaks have now

occurred in neighbouring countries, including in parts of northern FréAngdmukavaratharet al,, 2024)

emphasising the importance of preventing this species becoming established. Althnaghelesnosquitoes (the

vectors of malaria) are present in the UK, and imported cases are routinely reported, there have been several cryptic
malaria cases, where there is no recent travel history to a madamiemic country in the past few yeaiidKHSA,

20241) However, due to an effective UK treatment and monitoring system, malaria is considered unlikely to re
establish.

Antimicrobial resistance

Antimicrobial resistance (AMR) refers to the capacity of microorganisms to withstand the effects of antimicrobial
treatments, such as antibiotics. It is a leading cause of deaths, and it has been estimated that globally in 2021 there
were 1.14 million dedts directly attributed to bacterial AMR and 4.71 million deaths associated wtaghavet

al., 2024) Changes in infectious diseases from weather and climate patterns interact with changes in antibiotic usage,
and therefore potentially affect AMR. However, understanding of the impact that climate change is having on AMR is
currently limited and requirefurther researchivan Baveét al., 2024)

Assessment of future magnitude of risk

There are only a small number of studies, predominately focusing on vectors and-beaterdiseases which have
quantified future risk. If infections are not mentioned in the proceeding sections, then it is because there are currently
no studies quantifyig future risk. Unless stated otherwise, all studies have used a high emissions scenario (RCP8.5)
and are described in the following section. Magnitude scores for low or central scenarios are often inferred from the
high scenario, thereby decreasing ounfidence in that evidence. Many of the pathogens mentioned in the previous
sections have not been looked at under any climate scenario, so are omitted from the below.

Vibria As temperatures increase, UK coastal waters will become more favourable for the grovitiriofind the risk

of outbreaks is likely to increagBakerAustinet al, 2017) Modelling studies using both medium (SS8F2 and
highemissionscenarios suggest that, in future, there will be an increase in UK coastline suitable for the growth and
survival ofVibriocompared with current conditionérinanes and Martinelrtaza, 2021)

Aedes albopictuand associated diseases: Climate modelling suggests the London area is already suifable for
albopictus and it has been estimated using a high scenario that most of England will become suitable for established
populations as early as the 2040s or 2050s, and most of Wales, Northern Ireland, and parts of the Scottish Lowlands
becoming suitable as early a®tB060s or 20708JKHSA, 2024d (HECC chap@hgue could become endemic in
London during the 2060s under a high scenériccHelmerssoret al,, 2016) Modelling suggests that during 2600

2022, temperatures were warm enough during some years for potential transmission of chikungunya to occur in
London and parts of the East of EngldldiKHSA, 2024d (HECC chaplB)he future, as temperatures continue to
increase, modelling using a high scenario suggests more areas across the UK are predicted to exceed required
threshold temperatures, with many parts of England and Wales predicted to be warm enough for potential
transmission during three consecutive months and reaching four months in London by the(QBHSA, 2024d

(HECC chap.8)fhere may also be increased risk from diseases such as dengue for UK residents travelling overseas, a
modelling has estimated an increase in dengue incidence of8%in Asia and the Americas depending on the
emissions scenariChildset al., 2025)

Hyalomma marginatumClimate projection data using a high scenario suggests that whilst UK temperatures will
increase in future, autumn temperatures on average are likely to remain too cold for nymphs to moult to adults and
affect survival over the winter, although there veevariations between different model rufgKHSA, 2024c (HECC
chap.7))

West Nile virus: Modelling studies of future risks using a high scenario show most of southern England and parts of
the Midlands are predicted to be at risk of West Nile virus outbreaks bycaritury (Ewinget al,, 2021; Witherst
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al., 2024) The risk of infection with West Nile virus is currently low but is predicted to increase into the second half of
this century throughout lowland England and parts of Wélasinget al., 2021)

Level of preparedness for risk

The UK Biological Security Stratéggbinet Office, 2025lprovides the framework to make the UK resilient to
biological threats. Its mission is to understand current and future biological risks, prevent risks from emerging where
possible, and to detect and respond to risks to lessen the impact on the UK.

UK policy on managing emerging infections is addressed through theagalicy crosgovernment horizon scanning

and risk assessment Human Animal Infections Risk Surveillance (HAIRSYHI88A, 2025eJhe UK government

launched the Third National Adaptation Programme (NAP3) in @D@f8a, 2024¢)which includes enhancing

surveillance, undertaking horizon scanning and conducting research to monitor changes irbeentodisease

distribution in the UK and worldwide. Within the NAP, UKHSA has a remit to update the evidence base for the impacts
of climate change on health in the UK, which includes infectious diseases.

The Food Standards Agency (FSA) is responsible for food safety and food hygiene in England, Wales, and Northern
LNBf+FYyR YR C22R {GFyRINRa&a {O2GflyR A& NBalLRyaiaotS T7T;
System Strategic Assessment 2Q0R8od Standards Agency, 2028ognised that foodborne and zoonotic diseases

may increase in the UK over the next decade. It suggested actions to achieve more comprehensive and regular global
monitoring and data sharing, as well as stronger food safety enforcements along suppb: &s#nare developing a

new Area of Research Interest (ARI) to focus on understanding the potential impacts on the UK of changing food
availability, food security and food safety rigk®od Standards Agency, 2024)

Assessment of the evidence base and evidence gaps

There is currently a lack of studies attributing the burden of infectious diseases to specific weather and climate factors
in the UK. There needs to be more studies that project future infectious disease risk, including emergence of novel
infections, usinga combination of different warming and adaptation scenarios. There is also a relative lack of studies
across these diseases in individual countries of the UK, especially Northern Ireland.
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Additional evidence provided here is specific to England. Where diseases are not mentioned, no additional
information was available and evidence for the UK (3.2.4.1) was used to assess risk.

Assessment of current magnitude of risk

For the risk posed by recreational seawater, a crude estimate can be made from the only randomised controlled trial
conducted in the UK (England and Wales) between 11982. The results of this trial indicated that the largest
differences in seawater qugl ¢ defined as seawater with-03 ml faecal streptococci (an indicator of sewage
pollution) versus 558 ml faecal streptococeire associated with approximatelyp,000 more gastrointestinal
infections per 100,000 outdoor seawatasers every yediFleisheret al, 1993, 1996, 1998; Kay al., 1994; Fleisher

and Kay, 2006)Therefore, the magnitude of current effects on recreational water users would be expected to fall in
the lowto-medium range. However, it is difficult to be more specific and disentangle the current effects of weather
and climate change, versus existingste management processes and infrastructure in the UK (e.g., combined
sewerage, regulation of water industryjigher seasurface temperatures and lower salinity have also resulted in the
detection of more novel human pathogeni@briospecies in shelsh sampled from English coastline si{Eerdet al.,
2020; Harrisoret al., 2022) An equivalent UK randomised trial does not exist for freshwateNabdorisk does not
apply to freshwaters, though the results of a trial conducted in Germany suggest risks attributable to reduced
freshwater quality are similarly in the order of thousands per 100,000 (Wiedenmann et al. 2006).

There has been a reduction in rotavirus reports in England, Wales and Scotland with increasing mean temperature
(Atchisonet al, 2009) Lastly, there is evidence of an increase in cryptosporidiosis rate by 27% in northern England if
cumulative rainfall for prior week was in 75th percenf{idaumovaet al,, 2005)

Higher seasonal coronavirus cases are observed during low temperature, high humidity periods in [hctenhabt

al., 2021) Higher temperatures due to climate change may reduce the risk of norovirus transmission as a 15%
reduction in norovirus reports followed where the month preceding was 1°C warmer, whereas a 1% increase in
relative humidity led to a 2% decrease in repart&ngland and Waldsopmanret al, 2009) Similarly, lower

rotavirus cases have been reported at higher temperatures in England after controlling for trend, seasonality, public
holidays, relative humidity and rainféltchisonet al., 2009) Data from England and Wales suggests that the RSV
season ended at a rate of 3.1 weeks earlier per 1 °C temperature rise, suggesting warmer temperatures shorten the
season(Donaldson, 2006)

Ixodes ricinuss located across much of Englaiithnsfordet al., 2026) and ticks infected with Lyme diseasausing

bacteria have been detected in a number of different habit&sllet al, 2021; Medloclet al., 2022) There have

been probable cases of TBE acquired in England, as well as seropositive (suggesting previous exposure to the virus)
deer detectedKreusclet al, 2019; Mansbridget al., 2022; Callabgt al., 2025) Hyalomma marginatunis a non

native tick species found in southern Europe that carries Crir@mgo haemorrhagic fever virus (CCHWAlker,

2003; Choubdaet al,, 2019) Migratory birds are important hosts of immature stages and can transport individual

ticks over several thousand miles during spring migration. There have been several detections of this tick in England,
including the most recent detection of a personhwito history of trave{McGinleyet al.,, 2021) It was hypothesised

this was due to high temperatures facilitating the migration of birds as l{dt&inleyet al,, 2021)

Culex modestuisas spread from North Kent saltmarshes and Essex coast, to along the Thames Estuary in Kent, on the
opposite bank in Essex and in the coastal wetlands of Essex. Bggtesfalbopictysa vector for several infections
including dengue, were first detected in a motorway service station in Kent in Septembe(\édicket al., 2017)

and further detections of eggs and larvae have occurred in England(Sfagget al, 2019; Johnstoet al,, 2025)
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Assessment of future magnitude of risk

In the 2030s, a lowmissionscenario (RCP2.6) leads to a 6.2% increase fotulmrculous mycobacteria infections
across the UK, and a 33.8% increase in infection rates to 10.2 cases per 100,000 people from 202@@an20331

et al, 2024) Secondly, an increase in UK coastline suitabl¥itmiois predicted(Trinanes and Martinedrtaza,

2021) For vectotborne diseases, modelling using highissionscenarios (RCP8.5) suggests most of England and
parts of Wales could become suitable for established populatioAgdés albopictuby the 2050§UKHSA, 2024d
(HECC chap.8hligh warming scenarios suggest that temperatures may be warm enough for potential chikungunya
transmission during-2 consecutive monthJKHSA, 2024d (HECC chap.8))

In the 2050s and 2080s, there is currently a scarcity of evidence showing the impact of low and central warming
scenarios on climatgensitive infectious diseases in England.

By 2080, high warming scenarios suggest England could become suitabéelésr albopictu@JKHSA, 2024d (HECC
chap.8)) with one study estimating dengue could become endemic in London during the @igbkelmerssoret al.,

2016) Many parts of England and Wales are predicted to be warm enough for potential chikungunya transmission for
3-4 consecutive months by 2080KHSA, 2024d (HECC chapt®wever, high warming scenarios suggest the

threshold for selsustaining populations of the tick specldgalomma marginatunwill not be met(Gillinghanet al,

2023)

Level of preparedness for risk

CKS ''YI{! Q& YA&daArz2y Aa (2 LINBLINB F2NE LINBSSyYyd FyR NJ
(UKHSA, 2023There are specific priorities of UKHSA which all contribute to preparedness in the threat of climate
change: to be ready to respond to all hazards to health; reduce the impact of infectious diseases and antimicrobial
resistance; protect health from thrésin the environment; and improve action on health security through data and
insights. The impact of infectious diseases is also included within the National Risk RE€gisiteet Office, 2025a)

UKHSA regularly monitors infectious diseases in EngliltHSA, 2025end beyond through horizon scanning. The
UKHSA preparedness plIWKHSA, 2025Righlights incident response plans, including levels for escalatien/de
Saolftl A2y 6KAOK A& NBEtSOIyld (2 AyFSOGAz2dza RAA&ASIAS ;
3 dzA R (URIBSA(2025Ipyovides health protection organisations in England with principles to support local health
protection responses to communicable disease outbreaks, with the aim of preventing harm from such outbreaks. In
HAHPpE GKS Wt NA2NXGe LIOKKHSAT2626h)a pullishedy Highlightids 24y familie 2
where further research is most needed in the interests of biosecurity. The tool also included a measure of climate
sensitivity of pathogens, with many highlighting additional research is required. UKHS8lachpablished guidance

on disease outbreak management to support local health protection systgikEISA, 2025b)

Invasive mosquito surveillance at ports was instigated in 2010 and has expanded to over 100 trapping localities at
seaports, airports and highway transport hubs across England, Wales and Northern Ireland together with local health
authorities and port heah authorities. The National Contingency Plan for Invasive Mosquitoes is agorneessmiment
document which outlines locdé¢vel actions to be taken in the event of a Aoative mosquito detectiofUKHS A&t

al., 2020) UKHSA also runs a Tick Surveillance Scheme (TSS) and has developed a tick awarerjesdH8alkit

2024m) as well as resources for local authorities to raise awareness of ticks afmbtiek diseases in England.

UKHSA works to provide evideHAgased guidelines on adaptation for vectors and VBDs in Enteavdkeset al,

202000 hyS 2F ! YI{! Q& & duNinicS A0 GLANRUSNNARIXCSSA (I TK2SNJ AHYLAroO G 2 1
FyiAYAONR 6 UKEHSANB2BIKE SAWGrKs Svith local authorities, who in turn may support commietty

or citizen science approaches, to improve awareness and reduce the risk to health from VBDs. Surveillance and
research partnerships are in place with UK academic institutionsciredabitat management also occurs through a
range of organisations and partnerships.
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outdoor bathing waters in England and Wales. Amongst other measures, this bill increases the ability of the
Environment Agency to fine and miinally charge law breakin(@efra, 2025¢)The Environment Agency measure
water quality regularly and advise on outdoor swimming in key locations in England.

Evaluation of urgency score

The overall risk in England is assessed as Medium for the current climate and future periods. This is based on the
number of people exposed to harmful vectoorne, waterborne, and fooeborne diseases, rather than dorne

diseases, which is likely togdt in tens of deaths, hundreds of major health impacts and tens of thousands of people
affected. This estimate is made from correlations of cases with temperatures, but no studies show actual population
exposure to these diseases, so our confidence énntfagnitude scores is Low. There is some modelling evidence
around future vectotborne disease risk, but the evidence for other infections is much weaker. Confidence is Low for
future risks, due to limited evidence of explicit climate drivers and a laEkgliandspecific projections. There is

limited evidence of effective implementation and potential for other adaptation measures to inadvertently worsen
the risk. These scores do not include the impact of climate change on AMR, which although is &sted as
international element above also affects UK populations.

Table 3.18: Urgency scores Fdt Risks to people from climagensitive infectious diseases for England. Details of how the scores in this
table were calculated are in the Methods Chapter.

Magnitude Confidence Urgency

VH: Very High e s+ e |High (@B Critical action needed Fl: Further investigation
High . Medium Cl: Critical investigation W8 Watching brief

M: Medium . Low A E More action needed  [E8AF Sustain current action

L: Low

England
H4 Risks to people from climatgensitive infectious diseases.
Present 2050 2080
D N T
M M M M M M M

W 0 W W w w w w w w

With adaptation M M M M M M M

No adaptation

Urgency scores | /A FI

Fl Fl

Overall urgency
score

MAN
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Additional evidence here is specific to Northern Ireland. Where diseases are not mentioned, no additional information
was available and evidence for the UK2(8.1) was used to assess risk.

Assessment of current magnitude of risk

There is currently a lack of evidence relating specifically to clisensitive diseases in Northern Ireland. However, it
is likely that correlations between disease cases and weather seen in other UK nations will also apply in Northern
Ireland, althoughemperature thresholds for diseases/vectors may be different.

Assessment of future magnitude of risk

A low warming scenario is predicted to result in a 7.5% increase wufi@nculous mycobacteria infection rates in
Northern Ireland by 2038Campbelkt al., 2024) In addition, the coastline around Northern Ireland which is suitable
for Vibriois predicted to increase by 21QUrinanes and Martinelrtaza, 2021)

For vectorborne diseases, modelling using high warming scenarios suggests parts of Northern Ireland could become
suitable for the establishment &edes albopictuby the 2060s or 207Q®KHSA, 2024d (HECC chaptéiph

warming scenarios suggest temperatures are unlikely to be warm enough for potential chikungunya transmission,
even by 208QUKHSA, 2024d (HECC chap.8))

Level of preparedness for risk

The Health Protection Service within the Northern Ireland Public Health Agency (PHA) has the lead role in protecting
the population from infection and undertakes surveillance and monitoring of pathogens. The second Northern Ireland
Climate Change AdaptaticProgramme (NICCARBDAERA, 2019¢ports on actions to address disease risks for

plants and wildlife, but no actions are listed for human pathogens.

The NICCARDAERA, 201%jghlights that some evidence has pointed to recent declines in bathing water quality in
b2NIKSNY LNBfFYR YR YSyiliAzya GKS w{eaidSYy FT2NJ . | {iKAY:
model the linkage between heavy rainfall events a@dbNJ 6 G KAy 3 S GSNI ljdzr t AGeée L

A LongTerm Water Strategy for Northern Ireland (2@#5n n n 0 Q> g KA OK NBO23ayAasSa GKI G
future implications of climate change on both quality and quantity of WdteNS & 2 dzZNDSad LG Ffaz2 y
2 GSNJ YR I SFftdK DdZARFYOSQ Aa NBGASHSR lyydadtte | yR
below healthdo F 8 SR ONARGSNA I & b2NIKSNY LNBf I yRMandivdiyeinghddaNd Wa |
objective to provide safe and clean drinking water. The SWIM project is now complete for six sites, and water quality
LINSBRAOGAZ2YA I NB RSt AGSNBR Rdz2NAYy3 GKS oFdKAYy3 aSlazy ;

Each year, UKHSA conducts invasive mosquito surveillance at over 100 trapping localities at seaports, airports and
highway transport hubs with local health authorities and port health authorities across England, Wales and Northern
Ireland.

Evaluation of urgency score

The overall risk in Northern Ireland is assessed as Medium for the current climate and future periods. This is based on
the number of people exposed to harmful vectmorne, waterborne, and fooeborne diseases, rather than dorne
diseases, which is &ky to result in tens of deaths, hundreds of major health impacts and tens of thousands of people
affected. There is some modelling evidence around future veotone disease risk, but the evidence for other

infections is much weaker. Confidence is Lowfiture risks due to limited evidence of explicit climate drivers and a

lack of Northern Irelangpecific projections. There is limited evidence of effective implementation and potential for
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other adaptation measures to inadvertently worsen the risk. These scores do not include the impact of climate change
on AMR which, although listed as an international element above, also affects UK populations.

Table 3.19Urgency scores fdi4 Risks to people from climagensitive infectious diseases for Northern Ireldbetails of how the scores
in this table were calculated are in the Methods Chapter.

Magnitude Confidence Urgency

VH: Very High e s+ e |High (@B Critical action needed Fl: Further investigation
High . Medium Cl: Critical investigation W8 Watching brief

M: Medium . Low A E More action needed  [E8AF Sustain current action

L: Low

Northern Ireland

H4 Risks to people from climatgensitive infectious diseases.

2030 2050 2080
I ) ) R R
M M M M M M M

No adaptation M
W W W W W W W W W
With adaptation M M M M M M M
W W W W W W W
Urgency scores | VA Fl Fl Fl

Overall urgency
score
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Additional evidence here is specific to Scotland. Where diseases are not mentioned, no additional information was
available and evidence for the UKQ3.1) was used to assess risk.

Assessment of current magnitude of risk

A mean temperature increase of 1 °C reduces the odds of detecting adenovirus (2.8%), RSV (17.3%), influenza A
(13.7%) and influenza B (13%) viruses and human metapneumovirus (9.9%) in SPoitaed al., 2019) Cases of

some respiratory diseases are also linked with relative humidity, including human metapneumovirus, RSV, influenza A
virus in Scotlan@Priceet al, 2019) Higher rotavirus cases have been reported at lower temperatures in Scotland

after controlling for trends, seasonality, public holidays, relative humidity and rajAtahisonet al,, 2009)

Assessment of future magnitude of risk

A low warming scenario is predicted to result in a 9.5% increase wufb@nculous mycobacteria infection rates in
Scotland by 2038Campbelkt al., 2024) In addition, the length of coastline around Scotland which is suitable for
Vibriois predicted to increase by 21QUrinanes and Martinelrtaza, 2021)

For vectorborne diseases, modelling using high warming scenarios suggests parts of the Scottish Lowlands could
become suitable for the establishment Aédes albopictuby the 2060s or 2070®KHSA, 2024d (HECC chaptiph
warming scenarios suggest temperatures are unlikely to be warm enough for potential chikungunya transmission in
Scotland, even by 20§UKHSA, 2024d (HECC chap.8))

Level of preparedness for risk

Preparedness and adaptation efforts have a particular focus on Lyme disease due to its increasing public health
relevance in Scotland. The Scottish Government published the Scottish National Adaptation Plag @224

(Scottish Government, 2024&nown as SNAP 3, and an associated monitoring and evaluation framéomttish
Government, 2025b)SNAP 3 recognises that climate change is already affecting VBD transmission and spread, and
that policy responses to climate change, including ecosystem services, could create habitats more suitable for vectors.
The Scottish Government have ledamo$ RA I 02 YYdzy AOlI A2y a OF YLI AJYyI WCAY
consecutive summers (2023/2024), which have helped raise the profile of VBD threats in Scotland. SNAP 3 has
committed over the fiveyear plan to mapping the risk of emergent VBD due to ¢énshange, scoping enhanced
surveillance, scoping adoption of VBD contingency plans for England and horizon scanning for VBD of livestock. The
Scottish Government continues to work with partners to progress these commitments. Health Protection Scotland
published updated information on ticks and Lyme disease in Scotland in 2018, including guidance on prevention and
treatment. The National Surveillance of Gastrointestinal Infections and Zoonoses in Scotland report provides
information on reported laboratorgonfirmed cases of pathogens in Scotland during 2834 (Public Health

Scotland, 2025a)

SEPA monitors and publishes the general microbiological quality of the water at outdoor swimming sites during
bathing season. PHS manage the Scottish Environmental Incident Surveillance System (SEISS), a database holding
details of incidents where there mpae a risk to public health due to the release into the environment of chemical,
microbiological, radiation or other physical agents.

Evaluation of urgency score

Across climate sensitive diseases assessed, the magnitude scores are the same as other UK nations. The overall risk
Scotland is assessed as Medium for the current and future periods. This is based on an estimate of the number of
people exposed to harmfwectorborne, waterborne, and fooeborne diseases, which is likely to result in tens of

deaths, hundreds of major health impacts and tens of thousands of people affected. This estimate is made from
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correlations of cases with temperatures, but no studies show actual population exposure to these diseases, so our
confidence in the magnitude scores is Low. There is some modelling evidence around futurdoventodisease risk,

but the evidence for otheinfections is much weaker. Confidence is Low for future risks, due to limited evidence of
explicit climate drivers and a lack of Scotlaspekcific projections. There is limited evidence of effective

implementation and potential for other adaptation meass to inadvertently worsen the risk. These scores do not
include the impact of climate change on AMR which, although listed as an international element above, also affects
UK populations.

Table 3.20Urgency scores fdi4 Risks to people from climagensitive infectious diseases for Scotlabdtails of how the scores in this
table were calculated are in the Methods Chapter.

Magnitude Confidence Urgency

VH: Very High e s+ e |High (@B Critical action needed Fl: Further investigation
High . Medium Cl: Critical investigation W8 Watching brief

M: Medium . Low A E More action needed  [E8AF Sustain current action

L: Low

Scotland

H4 Risks to people from climatgensitive infectious diseases.

2030 2050 2080
D N R
M M M M M M M

No adaptation M
W w w w w w w w w
With adaptation M M M M M M M
w w w w w w w
Urgency scores | A\ Fl FI Fl

Overall urgency
score

o PHPh P A

Additional evidence here is specific to Wales. Where diseases are not mentioned, no additional information was
available and evidence for the UKQ3.1) was used to assess risk.

Assessment of current magnitude of risk

Higher seasonal coronavirus cases are observed during low temperature, high humidity periods ifNWwhitdset

al., 2021) There is a 15% reduction in norovirus reports if the month preceding was 1 °C warmer, whereas a 1%
increase in relative humidity led to a 2% decrease in reports in England and (Wadesaret al.,, 2009, p. 200)

Similarly, higher rotavirus cases have been reported at lower temperatures in Wales after controlling for trend,
seasonality, public holidays, relative humidity and rair{fsithisonet al,, 2009) Data from England and Wales

suggests that the RSV season ended at a rate of 3.1 weeks earlier per 1 °C temperature rise, suggesting that warmer
temperatures shorten the seasd®onaldson, 2006)or recreational (sea)water quality risks, the discussion for

CCRA4ATechnical Reportiealth and Wellbeing 204



England above is also relevant here since the randomised trial mentioned was also conducted in Wales and the two
regions are climatologically similar and hence may respond similarly to emerging Vibrio pathogens too.

Assessment of future magnitude of risk

A low warming scenario is predicted to result in a 0.9% increase wufb@nculous mycobacteria infection rates in
Wales by 2038Campbelkt al,, 2024) In addition, the coastline around Wales suitableVdriois predicted to
increase by 2100QTrinanes and Martinelrtaza, 2021)

For vectorborne diseases, modelling using high warming scenarios suggests most of Wales could become suitable for
the establishment oAedes albopictuby the 2060s or 207Q8JKHSA, 2024d (HECC chapHph warming scenarios
suggest temperatures in parts of South Wales could be warm enough for potential chikungunya transmissi®n for 1
consecutive months by 20§0UKHSA, 2024d (HECC chapt&)jvever, high warming scenarios suggest the threshold

for seltsustaining populations of the tick specldgalomma marginatunwill not be met(Gillinghamet al, 2023)

Level of preparedness for risk

The Climate Adaptation Strategy for Wa(@g¢elsh Government, 2024M)Sy G A2y & | WhyS | St (iKQ
minimise the threat of transmission of domestic animal diseases to wildlife and vice versa. This includes collaborating
on the surveillance of vectors and diseases,-timaé assessment of threats from diseases in ottwuntries, and

developing preparedness and response capability for exotic diseases, including soanming for emerging threats
overseas. In addition, Public Health Wales (PHW) are incorporating climate indicators into routine gastrointestinal
surveilance reports and have produced a Wasgeecific noAfoodborne zoonoses report focusing on climaensitive
pathogens (not publicly available). A health and social care climate adaptation {¥é#tih Government, 2024tHps

been produced, which includes climagensitive diseases as a risk that needs to be understood and considered during
planning.

The climate related risk fromvectdr2 Ny S LI 6 K23Sya Aa NBO2IYyAaSR Ay G(GKS 2
Prosperity for All: A Climate Conscious W@l#slsh Government, 2019Dne particular action seeks to increase
understanding of the risk, with continued monitoring at ports and airports, and efforts to increase understanding of
the risk, particularly from Lyme disease, with healthcare professionals. The plan commitsaichesbat other

action is needed and to survey where vectors are entering Wales in the future. There is a recognition that increased
use of blue / green infrastructure as ecosystem services to other climate threats could increase the problem with
native vestors, and therefore there is a commitment to work on avoiding this issue, working with Natural Resources
Wales and other experts. This will include putting in place effective measures for urban andyaerblue and green
space to prevent habitats foleetors. PHW are also collaborating with UKHSA and working closely with local
authorities to extend mosquito surveillance in Waleach year, UKHSA conducts invasive mosquito surveillance at
over 100 trapping localities at seaports, airports and highwaggport hubs with local health authorities and port

health authorities across England, Wales and Northern Ireland.

Prosperity for All: A Climate Conscious Walésd 2 KA IKf AIKGSR (KS 2SfakK D2@SNYyY
(2015a) which aims to maintain high levels of water quality and protect the health of people in Wales. The strategy
identifies the risks from climate change and is underpinned by aWaliés action plan. In addition, the Water Health
Partnership for Wales is anitiative that brings together relevant agencies to work together more effectively to

protect public health by ensuring the provision of safe drinking water. Agencies in the Partnership include the

Drinking Water Inspectorate, Welsh Government, locahatity public and environmental health, water companies

and Public Health Wales. Natural Resources Wales is the regulatory body responsible for managing water resources ir
Wales. They provide oversight of both Bathing and Drinking Water in Wales thravige sange of strategies and

plans and regulatory activity. Water companies also report annually on bathing water quality in(Watesl

Resources Wales, 2025)
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consisting of internal and external partners, including the Welsh Government and the Office for National Statistics.
¢KS //t. Q& LINE I NangareSnfoeméd\dy dnd shared with §h&Welsh Government Adaptation

National Project Board and Health Protection Advisory Group Environmental Public Health Subgroup. The PHW
Climate Change Surveillance Ssitoup will initially focus on the developmenttiéat morbidity and mortality

surveillance.

Evaluation of urgency score

The overall risk in Wales is assessed as Medium for current and future periods. This is based on the number of people
exposed to harmful vectdborne, waterborne, and fooeborne diseases, rather than dorne diseases, which is

likely to result in tens todeaths, hundreds of major health impacts and tens of thousands of people affected. There is
some modelling evidence around future vectmrrne disease risk, but the evidence for other infections is much

weaker. Confidence is Low for future risks dudriuted evidence of explicit climate drivers and a lack of Wales

specific projections. There is limited evidence of effective implementation and potential for other adaptation

measures to inadvertently worsen the risk. These scores do not include the infpdichate change on AMR which,
although listed as an international element above, also affects UK populations.

Table 3.21Urgency scores fdi4 Risks to people from climagensitive infectious diseases for WalBstails of how the scores in this
table were calculated are in the Methods Chapter.

Magnitude Confidence Urgency

VH: Very High e s+ e |High (@B Critical action needed Fl: Further investigation
High . Medium Cl: Critical investigation W8 Watching brief

M: Medium . Low A E More action needed  [E8AF Sustain current action

L: Low

H4 Risks to people from climatgensitive infectious diseases.

Present 2030 2050 2080
T e I
M M M M M M M

W W w w w w w w w

With adaptation M M M M M M M

No adaptation

Urgency scores | A\ Fl FI Fl

Overall urgency
score

MAN
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3.2.5 Risks to food safety and nutritioQH5

Risk to food safety and nutrition is inherently linked to food security, which is covered in the Land, Nature, and Food

chapter (risk N11). An important component of food safety is infection caused by specifibdouslpathogens,

some of which are climatsensitive. These are discussed and included in magnitude scores in the infectious diseases
risk (H4) (see also Boxdelow). CCRAR TR expands on CCRA3IR by considering nutrition alongside food

safety, and in addition to food security. This recisgs the importance of both food and nutrition security (quantity

and quality of food), and the health and social value of food above and beyond the provision of sufficient calories or

food as a tradeable commodity. Evidence on the impact of climate eéhangutrition and dietrelated health

outcomes in the UK, however, is scarce.

Headlines

91 Further investigation is needed to assess urgency due to limited evidence directly linking climate cH
to UK food safety and digtlated morbidity and mortality.

1 Inequality in accessing safe and nutritious food is likely, especially for fresh fruits and vegetables. T
due to a reliance on imported food and increased global climel&ted food production shocks and foo
trade/price volatility.

1 Devolved administrations have adaptation plans in place or in development. How these will be
implemented or impact food safety and nutrition security is uncertain.

9 The urgency score (Further investigation) remains unchanged from @&RR3 despite the remit of thig
risk no longer including food security.

Table3.22: Urgency scores fot5 Rsks to food safety and nutritioRetails of how the scores in this table were calculated are in th
Methods Chapter.

Magnitude Confidence Urgency

VH: Very High e s+ e |High (@B Critical action needed Fl: Further investigation
High .o Medium Cl: Critical investigation Watching brief

M: Medium . Low More action needed Sustain current action
Low

I I ) K

Risks to food safety
w W W W
and nutrition
England M M M M FI
w w w w
Northern Ireland M M M M Fl
w w w w
Scotland M M M M Fl
w w w w
Wales M M M M Fl
w w w w
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Current and future drivers of risk

The impact of changes in climate or climate induced extreme weather events on UK food safety, diets, and nutrition
can be complex, with limited evidence available to quantify or qualify direct or compounding and cascading risks.
Extreme weather events arather changes related to climate change may impact the quantity, quality, diversity, and
accessibility of foods in the UK via different pathways throughout global and domestic food systems. These effects
may in turn increase the risk of consuming foodg i@ unsafe and can make it more challenging to consume diets
which meet national nutritional guidelines.

Hotter environments increase the likelihood of food spoilage and proliferation of pathd@amtewet al., 2024)

High humidity, especially in warmer seasons, can worsen the risk of fungal growth, such as moulds, and lead to
spoilage of nofrefrigerated stored food products. Waterlogging is linked to crop losses and reduced quality of crops
interms of nutritionandi 2 EA O2f 238 d wA&dAy3d | GY2EALKSNRO / hi O2yOSyi
nutritional quality of certain crops. Flooding, storms, and sea water intrusion can contaminate crops, food, and water
sources, disrupt food storage and cold chaistems, and increase the proliferation of specific fdmmtne pathogens

(see also H4, 3.2.4). Disruption of infrastructure necessary for food handling and storage, such as cold chain systems,
can exacerbate these risks. Changes to hygiene practices camstisease distributions across food systems

because of climate change can pose a risk to food safety for UK populations if sufficient controls are not in place
(UKHSA, 2024h (HECC chapRgyure 3.3 shows how climate change can affect food safety and nutrition through
multiple pathways.

CA3IdzNB odoY ¢KS LRGSYGAFT AyGSNIOGA2ya 2F NRaAy3d /akemfrdmy R Of A Y
Maggioreet al, 2020)
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