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Mental Health

Climate change is a difficult topic to engage with and we appreciate that this report presents
potentially upsetting information. We encourage you to utilise the mental health resources available
in your area. The Highland Mental Wellbeing website lists services, information, and training
available in the Highland region. Visit www.highlandmentalwellbeing.scot.nhs.uk for more

information.
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About Highland Adapts

Highland Adapts brings communities, businesses, land managers, and the public sector together to
facilitate transformational action towards a prosperous, climate-ready Highland.

The Highland Adapts partnership is equally governed by nine founding partner organisations: The
Highland Council, Highlands and Islands Enterprise, Zero Waste Scotland, Sniffer, NatureScot,
Forestry and Land Scotland, The Highlands and Islands Climate Hub, Changeworks, and NHS
Highland. You can learn more about the Highland Adapts structure, guiding principles, and objectives
at www.highlandadapts.scot.
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Highland Climate Risk and Opportunity Assessment

Fundamental changes are necessary to develop resilience to the current and future impacts from
climate change. Effective action requires a shared, place-based understanding of our climate risks
and opportunities. This is the motivation behind the first Highland Climate Risk and Opportunity
Assessment. The outputs of this assessment will form the basis of more ambitious and
transformative approaches to climate change adaptation across the region.

Based on the third UK Climate Change Risk Assessment (UKCCRA3), the forthcoming Highland
Climate Risk and Opportunity Assessment will cover over 60 different risks and opportunities to the
region. This wider assessment is the collective work of Highland Adapts’ partners and collaborators,
including the partnership’s nine governing organisations. It is expected to be available at the end of
2024.

Highland Adapts commissioned Paul Watkiss Associates to develop an economic component of the
wider Highland Climate Risk and Opportunity Assessment. This includes a regional report, which
summarises current and future economic costs and benefits of climate change for the Highland
region, and individual reports on three key sectors of the Highland economy: energy, food and drink,
and forestry and timber. These sectors were collectively chosen at a stakeholder workshop in January
2023. Together, the three sectors cover a significant portion of the region’s economy.

Throughout the regional and sector reports, Paul Watkiss Associates incorporated a novel
consideration of the interplay between climate risks and opportunities and the transition to a circular
economy. In doing so, these reports help us move the conversation forward on how climate
resilience can develop alongside a transformed model of resource production and consumption.



https://highlandadapts.scot/
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As with all aspects of the Highland Climate Risk and Opportunity Assessment, this analysis is one step
in the long-term, iterative process of assessing and addressing climate risks and opportunities. This
process will develop alongside ever-advancing scientific research and ongoing emissions reduction.
There will always be a level of uncertainty to climate change projections. These reports acknowledge
and, where possible, account for this uncertainty. The specific findings in these reports are nuanced
and retain some level of uncertainty. While exact numbers are not easy to assign to climate risks, the
overall trends identified are clear. Climate change is fundamentally changing economic outlooks
across the world, including in our Highland region. This could have substantial impacts on our
livelihoods and communities.

We believe that having this data in hand is an enormous strategic advantage for the Highland region.
These reports represent an important step in our collective journey towards climate resilience. It is
now time for us to work together to enact meaningful changes and ensure the future resilience and
prosperity of our region.

Economic Analysis

This report. Summarises current and future economic costs and benefits of
climate change for the Highland region, including impacts from flooding and
wildfires, and impacts on human health.

Method Report Outlines the methods used to produce the economic analysis presented in the
regional report and sector reports, including limitations and assumptions.

Sector Reports

Quantifies economic impacts on the Highland energy sector including
Energy impacts on energy generation, energy distribution, changes in energy
demand, and delivery of net zero plans.

Food and Drink Quantifies economic impacts on the Highland food and drink sector
with a focus on risks to salmon and whisky production.

Quantifies economic impacts on the Highland forestry and timber

Forestry and Timber
sector from high winds; drought, pests, and diseases; and wildfires.
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Executive Summary

This report presents the results of a study on the current and future economic costs and benefits of
climate change for the Highland region. The analysis draws on existing data sets and information
from stakeholders, providing an initial quantitative analysis of some of the most important climate
risks and opportunities for the region. The work finds significant overall costs arising from climate
change, but also some benefits. This highlights that whilst the impacts will be overwhelmingly
negative, they will not impact people or sectors of the economy equally.

The analysis has considered the overall economic costs and benefits of climate change to Highland
from existing models, as well as more in-depth estimates of the costs of floods (coastal, river and
surface), wildfires, and human health impacts. It also considered the findings of the reports for three
key sectors: energy, forestry and timber, and food and drink. The study has assessed these risks in
monetary terms (£) and as an equivalent % of regional Gross Domestic Product (GDP).

Regional Impacts

A review of existing aggregate economic modelling studies indicates that climate change could lead
to annual impacts in Highland that are equivalent to around -1.5% of GDP by the 2050s, though there
is high uncertainty around this number. This rises to between -1.5% and - 3.3% by the 2080s,
depending on the future level of warming, though some studies indicate potentially higher impacts
than this under a worst-case scenario when catastrophic risks are included. The potential impacts are
broadly consistent through to the 2040s across most warming trajectories. This means that whilst
global efforts to reach net zero remain critical, adaptation will also be an important priority in
maintaining economic performance in Highland over the next twenty years.

Flooding, Wildfire, and Human Health Impacts

Coastal and river flood costs are relatively modest today in Highland but are projected to increase
significantly over time with climate change. There are two alternative estimates on the total flood-
related damages for the region, covering residential and non-residential property risks. The third UK
Climate Change Risk Assessment (CCRA3) analysis estimates current flood damages at £11
million/year (equivalent annual damage, EAD) for the Highland region.® With projected climate and
socio-economic changes, flood damages could increase to £20 million/year by mid-century and
potentially double this amount by the end of the century. This equates to around 0.2% of Gross Value
Added (GVA) (now and in the future). An alternative set of results from SEPA’s Flood Risk
Management Strategy indicate similar current damage (£12 million/year) and similar but slightly
lower damages by mid-century.? These values only include direct flood impacts to properties and
would be higher if indirect impacts across the economy were included.

The study analysed the potential economic costs of wildfires in Highland using estimates of current
wildfires (including area burnt), economic costs associated with wildfire suppression, and non-
market impacts from the release of greenhouse gas emissions and air pollutants. The current costs of
wildfires in Highland are estimated at £0.3 billion/year, driven by the high price of carbon emissions

1Sayers et al. (2020). Main Report of Third UK Climate Change Risk Assessment (UKCCRA3) Future Flood Risk. [online] UK
Climate Risk. Available at: https://www.ukclimaterisk.org/wp-content/uploads/2020/07/Future-Flooding-Main-Report-
Sayers-1.pdf [Accessed 20 Jun. 2024].

2 SEPA (2015). Flood Risk Management Strategy: Highland and Argyll. [online] Scottish Environment Protection Agency.
Available at: https://www?2.sepa.org.uk/frmstrategies/highlands-argyll.html [Accessed 20 Jun 24]
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from forest and peatland wildfires. These costs potentially increase fourfold by the mid-century due
to the combination of increased risk from climate change and higher carbon costs. These costs are
equivalent to a high % of GVA but are dominated by non-market effects (i.e., they do not reduce GVA
directly and are not included in local calculations).

The study also assessed the potential risks of heat-related mortality and productivity in Highland
from climate change. This analysis indicates relatively small increases in heat-related risks, with
potentially only a few additional heat-related mortality cases per year by 2050 and low to modest
economic costs (noting these are societal costs and do not reduce GVA directly). Similarly, an
analysis of the impact on labour productivity from rising heat finds low economic costs. While the
study has not assessed the potential benefits of reduced winter temperatures, there would be
economic benefits from reduced cold-related mortality and enhanced winter labour productivity in
Highland.

Sector Reports: Energy, Forestry and Timber, and Food and Drink

For the energy sector, the study identified that climate change may have aggregate costs in the high
tens of millions a year and that these will rise over time. However, there is a degree of uncertainty in
each of the areas explored and these involve costs and benefits falling on different stakeholders
(households, businesses, and asset owners). The study estimates potentially very high costs to
electricity generation arising from reductions in energy generation due to climate change and from
the increase in weather-related extremes affecting disruptions and outages. There is a more
uncertain but potentially high impact from reduced water availability for green hydrogen production
and from failure to consider climate risks in the infrastructure required for current and future
developments at the Inverness and Cromarty Firth Green Freeport. The study estimates economic
benefits to the region from reduced energy demand for winter heating (residential and commercial
properties) because of warmer temperatures.

For the food and drink sector, the study explored the impacts of climate change on aquaculture and
whisky production, two of the most important regional exports. For aquaculture, the study assessed
the potential risks of climate change on salmon stocks and changes in production due to increases in
sea lice. The study also assessed the potential impacts on distillers from climate change, focusing on
the impact of drought on Scottish Barley. While indicative, the study estimates that the costs of
climate change to these sectors could be tens of millions of pounds each year by the 2050s.

For the forestry sector, the assessment found high costs from windthrow (trees uprooted by wind),
as well as from the potential increase in pests and diseases from climate change. The analysis
estimates that these costs could rise to high tens of millions of pounds a year by mid-century. The
study also identified some potential for positive effects from the extended growing season and other
possible beneficial factors such as impacts on diseases.

Overall, the study finds that extreme weather and climate change are already leading to high
economic costs in Highland today and that climate change is projected to increase these costs
significantly and add new risks alongside some important economic benefits. The results highlight
the need to scale up early climate change adaptation actions to develop regional climate resilience in
Highland.
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Introduction

Whilst reduction of carbon emissions remains urgent, historic emissions and lags in the climate
system mean that Highland will experience a certain amount of future climate change through to at
least the 2040s. Mitigation will reduce these impacts (and associated costs), but there will still be a
residual cost, and these costs can only be reduced by adaptation. This means that whilst global
efforts to reach net zero remain integral, only local adaptation action can reduce impacts of extreme
weather and climate change in Highland over the next twenty years.

As part of the forthcoming Highland Climate Risk and Opportunity Assessment, Highland Adapts
commissioned a study to understand the economic costs of climate change in Highland.

The objective of this study was to understand the current and future economic costs of climate
change in monetary terms. This approach provides one way to help assess the relative importance of
different climate change risks to the region, using a common metric (£) to compare within and
between sectors.

This report takes a high-level approach using existing evidence sources, giving a big-picture overview
for the region.
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Method

The study has used a range of techniques to provide the economic valuation, including top-down
(macro-economic and economy-wide assessments) and bottom-up analysis. This included analysis of:

e Economic costs of flooding (coastal, river, surface) from the SEPA flood risk management analysis
and the third UK Climate Change Risk Assessment (UKCCRA3).34

e Potential health costs from higher temperatures, drawing on the analysis undertaken for the
Glasgow Climate Risk and Opportunity Assessment, OpenClim, and recent work for the UK
Climate Resilience programme by Paul Watkiss Associates. >’

e Potential economic costs of wildfires, drawing on recent work by Paul Watkiss Associates for the
UK Department for Environment Food and Rural Affairs (Defra).?

e Potential economic benefits of reduced heating degree days.

e Other economic studies of relevance (e.g., economic appraisal of climate-related impacts and
adaptation options in Scotland).

e Potential macro-economic or economy-wide costs, drawing on Horizon Europe’s COACCH (CO-
designing the Assessment of Climate CHange costs) project and a 2022 London School of
Economics national study.>*°

The study valued all risks and opportunities in terms of the effects on social (public) value, i.e., on the
welfare and wellbeing of the population, including environmental, cultural, health and social effects.

The study also draws on the findings from three sector reports to inform the aggregate sector
conclusions. The dedicated method document contains more detail on the methods used in the
study. Key terms used throughout the report are explained in Appendix 1.

3 SEPA (2015). Flood Risk Management Strategy: Highland and Argyll. [online] Scottish Environment Protection Agency.
Available at: https://www?2.sepa.org.uk/frmstrategies/highlands-argyll.html [Accessed 20 Jun 24]

4 Sayers et al. (2020). Main Report of Third UK Climate Change Risk Assessment (UKCCRA3) Future Flood Risk. [online] UK
Climate Risk. Available at: https://www.ukclimaterisk.org/wp-content/uploads/2020/07/Future-Flooding-Main-Report-
Sayers-1.pdf [Accessed 20 Jun. 2024].

> Watkiss et al. (2019). Towards a Climate Ready Clyde: Climate Risks and Opportunities for Glasgow City Region — Economic
Assessment. [online] Climate Ready Clyde. Available at:
https://staticl.squarespace.com/static/5ba0fb199f8770be65438008/t/5c70173ce4966bc8cf635bca/1550849870187/25+C
RC+Climate+Risk+-+economict+impact+report.pdf [Accessed 20 Jun. 24]

6 OpenCLIM (2023). UK integrated assessment for climate impacts and adaptation. Project hosted by the Tyndall Centre at
the University of East Anglia. [online] OpenCLIM. Available at: https://tyndall.ac.uk/projects/openclim [Accessed 27 Jun. 24]
7 Watkiss, P. and Hunt, A. (2022) Final Report of on the Work and Case Studies on Valuing and Monitoring Climate Services.
Prepared as part of the project ‘Climate Resilience — CR20-2 Standards for climate services and monitoring and valuing
climate services.” [online] UK Climate Resilience. Available at: https://www.ukclimateresilience.org/wp-
content/uploads/2021/01/Final-Report-Met-Office-Valuation-study-Method-and-Case-Studies.pdf [Accessed 20 Jun. 24]

8 PWA (2021). Economic Case for Climate Change Adaptation in the UK. N5. Wildfire risk to carbon stores (peatland) and
adaptation response. Internal report for DEFRA.

9 COACCH (n.d.) Co-designing the Assessment of Climate Change costs. [online]. Available at: https://www.coacch.eu
[Accessed 20 Jun. 2024]

10 Rising et al. (2022). What will climate change cost the UK? Risks, impacts and mitigation for the netzero transition.
[online] London School of Economics and Political Science Grantham Research Institute on Climate Change and the
Environment. Available at: https://www.lse.ac.uk/granthaminstitute/wp-content/uploads/2022/05/What-will-climate-
change-cost-the-UK-risks-impacts-mitigation-1.pdf [Accessed 20 Jun. 2024]
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https://www.ukclimaterisk.org/wp-content/uploads/2020/07/Future-Flooding-Main-Report-Sayers-1.pdf
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https://tyndall.ac.uk/projects/openclim
https://www.ukclimateresilience.org/wp-content/uploads/2021/01/Final-Report-Met-Office-Valuation-study-Method-and-Case-Studies.pdf
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Economic Baseline

Data on the current economic baseline are drawn from the Inverness and Highland City Region Deal
(2022).11In 2022, Skills Development Scotland forecast GVA to be £6,294m in Inverness and Highland
City Region, which equated to 4.2% of Scotland’s output (£150,611m). This was projected to grow on
average by 1.2% to 1.3% GVA per year.

£7,121m

£6,545m_ ==

£6,340m £6,294m -~
-

£6,250m

-
-

£5,863m £6,278m

£5,559
£5,641m

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Figure 1. GVA and GVA forecast (2012-2032), Inverness and Highland City Region Deal. Source:
Skills Development Scotland (2022).12

The split by industry is shown in Figure 2.

11 Skills Development Scotland (2022). Regional Skills Assessment - Inverness and Highland City Region Deal. [online] Skills
Development Scotland. Available at: https://www.skillsdevelopmentscotland.co.uk/media/g0xmtaag/rsa-city-region-report-
inverness-and-highlands-city-deal.pdf [Accessed 20 Jun. 24]

12 1bid.



https://www.skillsdevelopmentscotland.co.uk/media/q0xmtaag/rsa-city-region-report-inverness-and-highlands-city-deal.pdf
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Information and Communication

Other Service Activities

Real Estate Activities

Construction

Administrative and Support Service Activities
Professional, Scientific and Technical Activities
Electricity, Gas, Steam and Air Conditioning
Wholesale and Retail Trade

Arts, Entertainment and Recreation
Accommodation and Food Service Activities
Transportation and Storage

Financial and Insurance Activities

Water Supply

Human Health and Social Work Activities
Manufacturing

Agriculture, Forestry and Fishing

Education

Public Administration and Defence ‘0_-8_?1’%

Mining and Quarrying ~3-2%

@ Mid-term (2023-2026) @ Long-term (2026-2033)

Figure 2. Forecast average annual GVA change by industry (%) *(mid-term and long-term),
Inverness and Highland City Region Deal. Source: Skills Development Scotland (2022).3

Future GVA was based on the GVA per capita estimates using GVA and population forecasts
developed by Cambridge Econometrics as part of the third UK Climate Change Risk Assessment
(UKCCRA3).*

13 Skills Development Scotland (2022). Regional Skills Assessment - Inverness and Highland City Region Deal. [online] Skills
Development Scotland. Available at: https://www.skillsdevelopmentscotland.co.uk/media/gq0Oxmtaag/rsa-city-region-
report-inverness-and-highlands-city-deal.pdf [Accessed 20 Jun. 24]

14 Cambridge Econometrics (2019). A consistent set of socioeconomic dimensions for CCRA3. [online] UK Climate Risk.
Available at: https://www.ukclimaterisk.org/wp-content/uploads/2020/07/Socioeconomic-Dimensions-Final-Report CE.pdf
[Accessed 20 Jun. 24]
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Economic Impacts of Future Climate Change

The first line of evidence used was to estimate the broader economy wide impacts of climate change.
The analysis was based on the macro-economic results from an EU Research and Innovation project,
COACCH (CO-designing the Assessment of Climate CHange costs), complemented by a review of
other relevant literature.’

The COACCH project combined a range of sectoral models on the impacts of climate change into a
cross-sectoral macro-economic assessment, using a computable general equilibrium model. The aim

was to assess the impacts of climate change on regional GDP (NUTS2 level across European Regions
and the UK).

This analysis has extracted the results from the COACCH study for Highland. This suggests that
climate change could lead to an annual reduction in regional GDP of approximately -1.2% to 2.5% by
2050 and -1.5% - 3.3% by the 2080s. The reductions vary significantly depending on the success of
global efforts to meet the global goal of limiting warming to 2°C relative to pre-industrial
temperatures, with much higher economic costs later in the century if the 2°C goal is exceeded.
However, due to historic emissions and lags in the climate system, the warming (and therefore
associated economic impacts) is broadly consistent through to the 2040s across all trajectories. This
means that whilst global efforts to reach net zero remain integral, only local adaptation action can
reduce impacts over the next twenty years.

2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070

0

2 0.5
22
2 1
9]
@
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2 —RCP4.5 (2.4
o
8 degrees)
§° 25 —RCP6.0 (2.8
S degrees)
S
° -3

-3.5

Figure 3. Annual Impacts of climate change on regional GDP in the Highlands and Islands. Source:
COACCH (n.d.).'® Note: COACCH study results presented at NUTS2 region level but can be taken to
be representative for Highland.

15 COACCH (n.d.). Climate Change Impact Scenario Explorer. [online] COACCH. Available at:
https://www.scenarioxplorer.coacch.eu [Accessed 20 Jun. 24]
16 |bid.
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This analysis also drew on the London School of Economics (LSE) study by Rising et al. (2022).” This
study looks at individual sector economic costs and expresses these as an equivalent % of Gross
Domestic Product (GDP). The study reports much higher impacts than COACCH on national GDP as it
includes an uplift for ‘missing’ risks, i.e., global catastrophic risks, as well as other impact channels
not quantitatively explored.

The LSE study presents results on a gridded level across the UK from which it is possible to extract
the data for the Highland region. These values are shown below. With climate change mitigation
(Representative Concentration Pathway (RCP) 2.6, the same as the low estimate in the COACCH study
above), the economic costs for the region are estimated as equivalent to just under 2% of GDP by
2050. However, for the high emissions scenarios (RCP7.0, a slightly higher warming scenario than the
RCP6.0 scenario used in COACCH) the impacts are dramatically higher, equivalent to potentially 8% of
GDP by late century. This increase is due to the inclusion of uncertain but potentially catastrophic
risks.

2011-2030 2041-2060 2081-2100
0.0%

-1.0% \

-2.0%

-3.0%
-4.0%
-5.0%
-6.0%
-7.0%
-8.0%

= Current Policies (SSP3-7.0) e High Mitigation (SSP1-2.6)

Figure 4. Climate-related losses to Highland welfare from all sectors. Source: Rising et al. (2022).#

Economic Impacts of Key Risks

Flooding (coastal, river, and surface water)

One of the most important risks of climate change is the increase in flood-related damages from the
combination of coastal, river, and surface water flooding. This includes extreme events of different

17 Rising et al. (2022). What will climate change cost the UK? Risks, impacts and mitigation for the netzero transition.
[online] London School of Economics and Political Science Grantham Research Institute on Climate Change and the
Environment. Available at: https://www.lse.ac.uk/granthaminstitute/wp-content/uploads/2022/05/What-will-climate-
change-cost-the-UK-risks-impacts-mitigation-1.pdf [Accessed 20 Jun. 2024]

18 |bid.
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sizes and probabilities and is therefore reported in terms of the Expected Annual Damage (EAD) or
Annual Average Damage (AAD).

The current and future annual damage from flooding in Highland can be estimated using two
sources. The first is the Third UK Climate Change Risk Assessment (CCRA3) on Future flood risk and
the second is the Scottish Environment Protection Agency (SEPA)’s Flood Risk Management Strategy
(FRMS) for Highland and Argyll.1%20

UKCCRA3 - Sayers et al. (2020)**

The UK CCRA3 dataset provides the current residential and non-residential EAD from fluvial, coastal,
and surface water flooding and projections for how this value will change by the 2050s and the
2080s. Results are presented for the combined area covered by the Highland and Argyll and Bute
Councils. The source provides 12 alternative outputs from the climate model which consider multiple
possible combinations of climate scenarios (2°C / 4°C change by 2100), population growth scenarios
(low growth / high growth), and level of adaptation (Current, Reduced Whole System Adaptation
(RWS), Enhanced Whole System Adaptation (EWS)).

To make these results specific to Highland alone, it was necessary to determine how much of the
damage for the two councils takes place in Highland. This study calculated this value by using the
number of homes and businesses which are at risk of flooding in each council area as a proxy for
damage expected. SEPA’s 2021 Flood Risk Management Plan for the Highland and Argyll Local Plan
District contains estimates for the number of homes and businesses which are at risk of flood
damage for each of the plan district’s 30 Potentially Vulnerable Areas (PVAs).22 By summing the
number of homes and businesses at risk for the PVAs in each council area it was possible to
determine that currently, 77% of the at-risk homes and businesses in the plan district are in the
Highland Council. By 2085, this will rise to 83%. We used these two values to interpolate the
percentage of flood damage in the plan district which occurs in Highland during each year between
2020 and 2085. The study applied this series to estimate total damage expected for Highland alone.

The third UK Climate Change Risk Assessment (UKCCRA3) forecast considers climate, population
growth and adaptation scenarios but does not account for economic growth, which will also impact
the value of flood damage in the future. To account for this, we constructed a series of Gross Value
Added (GVA) per capita estimates using GVA and population forecasts developed by Cambridge
Econometrics as part of UKCCRA3.2 The study then applied the growth rate in this series to the

19 Sayers et al. (2020). Main Report of Third UK Climate Change Risk Assessment (UKCCRA3) Future Flood Risk. [online] UK
Climate Risk. Available at: https://www.ukclimaterisk.org/wp-content/uploads/2020/07/Future-Flooding-Main-Report-
Sayers-1.pdf [Accessed 20 Jun. 2024].

20 SEPA (2015). Flood Risk Management Strategy: Highland and Argyll. [online] Scottish Environment Protection Agency.
Available at: https://www?2.sepa.org.uk/frmstrategies/highlands-argyll.html [Accessed 20 Jun 24]

21 Sayers et al. (2020). Main Report of Third UK Climate Change Risk Assessment (UKCCRA3) Future Flood Risk. [online] UK
Climate Risk. Available at: https://www.ukclimaterisk.org/wp-content/uploads/2020/07/Future-Flooding-Main-Report-
Sayers-1.pdf [Accessed 20 Jun. 2024].

22 SEPA (2021). Flood Risk Management Plan: Highland and Argyll Local Plan District. [online] Scottish Environment
Protection Agency. Available at: https://www2.sepa.org.uk/frmplans/documents/lpd1-highland-and-argyll-frmp-2021.pdf
[Accessed 20 Jun. 24]

23 Cambridge Econometrics (2019). A consistent set of socioeconomic dimensions for CCRA3. [online] UK Climate Risk.
Available at: https://www.ukclimaterisk.org/wp-content/uploads/2020/07/Socioeconomic-Dimensions-Final-Report CE.pdf
[Accessed 20 Jun. 24]
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original Expected Annual Damage (EAD) series provided by Sayers et al. (2020) to generate a series
which accounts for economic growth.?* The full set of results are shown in Appendix 2.

SEPA’s Flood Risk Management Strategy

The 2015 SEPA Flood Risk Management Strategy (FRMS) provides estimates for current residential
and non-residential Expected Annual Damage (EAD) from floods for 14 at-risk river catchments and
coastal areas in the Highland and Argyll and Bute council areas.?® Of the 14, nine are located in
Highland and considered in this analysis.

The study used current damage values to forecast future damages by using the strategy’s projections
for the number of residential and non-residential properties which will be at risk of flooding as a
proxy. The study used projections for the percentage change in the number of residential properties
to estimate future residential EAD and likewise for the number of non-residential properties and
non-residential EAD. The strategy made forecasts using a high emissions scenario. Table 1 presents
the results.

crvior———reniony s 2055 2085 rsnion 20052055 2085

Climate Residential Non-residential
High emissions (£) £7.3m £7.6m £9.3m £11.4m £5.2m £5.4m £7.3m £10.6m
High emissions (% GVA) 0.12% 0.12% 0.09% 0.07% 0.08% 0.08% 0.07% 0.06%

Table 1. Current and future residential and non-residential Expected Annual Damage (EAD) from
flooding for Highland under a high emissions scenario (£ and % of GVA), Source: Authors, based on
SEPA (2015).%

Comparison of results

The analysis based on UKCCRA3 estimates current damages at £11 million/year expected annual
damage (EAD) for the region. With climate and socio-economic change, these could increase to £20
million/year by mid-century and potentially double this amount by the end of the century. This
equates to around 0.2% of Highland GVA (now and in the future). An alternative set of results from
SEPA’s Flood Risk Management Strategy indicate similar current damage (£12 million/year) and
similar but slightly lower damages by mid-century. These values only include direct impacts to
properties. Values would be higher if indirect impacts across the economy were included, but such
valuation was not undertaken here due to limited resources.

24 Sayers et al. (2020). Main Report of Third UK Climate Change Risk Assessment (UKCCRA3) Future Flood Risk. [online] UK
Climate Risk. Available at: https://www.ukclimaterisk.org/wp-content/uploads/2020/07/Future-Flooding-Main-Report-
Sayers-1.pdf [Accessed 20 Jun. 2024]

25 SEPA (2015). Flood Risk Management Strategy: Highland and Argyll. [online] Scottish Environment Protection Agency.
Available at: https://www?2.sepa.org.uk/frmstrategies/highlands-argyll.html [Accessed 20 Jun 24]

26 |bid.
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Wildfires

The current and future costs associated with wildfires in Highland were estimated using wildfire
prevalence data from the James Hutton Institute.?’” These data set out the number of wildfires by
land type for the period between 2009 and 2020. This study used an average of a 5-year period
(2016 to 2020) to generate a baseline for the current number of wildfires per year by land type. The
distribution of wildfire is shown below.

Figure 5. Locations of the Incident Reporting System dataset of wildfires. Source: Gagkas et al.
(2022).%

The next step was to convert the number of fires into an area (ha) value. As there was no value for
the average number of hectares per wildfire for Highland, it was necessary to use proxies for this
value. Our findings use the average of two approaches.

First Approach: Averaging using JHI paper classes

The first is based on data from the 2022 James Hutton Institute paper which reports the percentage
of wildfires in Highland which led to 0m?, 0-100 m?, 100-1,000 m? or over 1,000m? of land being
burned.? The JHI paper used this data to find the average m? burned per wildfire. However, it

27 Gagkas et al. (2022). Provision of Analyses of Scottish Fire and Rescue Service (SFRS) Incident Reporting System (IRS) Data
in Relation to Wildfire Incidents. Report prepared for the Scottish Government. [online] The James Hutton Institute.
Available at: https://www.gov.scot/publications/provision-analyses-scottish-fire-rescue-service-sfrs-incident-reporting-
system-irs-data-relation-wildfire-incidents/documents [Accessed 20 Jun. 24]

28 |bid.

29 |bid.

16


https://www.gov.scot/publications/provision-analyses-scottish-fire-rescue-service-sfrs-incident-reporting-system-irs-data-relation-wildfire-incidents/documents
https://www.gov.scot/publications/provision-analyses-scottish-fire-rescue-service-sfrs-incident-reporting-system-irs-data-relation-wildfire-incidents/documents

Highland Climate Risk & Opportunity Assessment

required assumptions around the average size of wildfires within each class, and for the upper class it
was necessary for the study to assume how large the average fire over 1,000m? would be. For the
bounded classes, the study used the middle of the range as the average value for the size of the
wildfires in that class. For example, the study assumed fires between 100 and 1000m? to be 550m?
on average.

As is shown in Table 2, there are a large proportion of fires over 1,000m? and so determining the
average size of the fires in that group has a large impact on the estimate for the average number of
hectares burned per wildfire. To help mitigate the uncertainty around the size distribution of
wildfires in that group and to avoid the average figure being skewed upwards by a few extremely
large wildfires, the study added a further value to those reported. The paper also reports elsewhere
that there were 11 wildfires of over 1,000 hectares (10,000,000m?) and so we used that to create a
5% class as is displayed in Table 2. This method resulted in an average size of 191 ha of land burned
per wildfire.

Size (# of wildfires)

mm 100-1,000m?>  |1,000-10,000,000m> | >10,000,000m>

1,852 3% 44% 17% 34% 1%
1,852 56 823 318 644 11
Average size (m?) 0 50 550 5,000,500 32,150,000

Table 2. The estimated number of wildfires in Highland between 2016 and 2020 by area burned
(m?). Source: Authors, based on Gagkas et al. (2022).3°

Second Approach: Mean size per wildfire in Scotland.

The second value utilised was the mean size per wildfire in Scotland, which was reported in the same
document as 267 ha.

Average of Approaches 1 and 2

The resulting average of these two values (191 and 267) gave a value of 229 ha per wildfire.
Combining the number of wildfires at baseline with the average ha burned per wildfire provided a
baseline number of hectares burned for each land type in Highland. In the absence of forecasts for
how this value would change in response to the changing climate, we made assumptions that, under
a 2°C by 2100 scenario, the area burned by wildfires per year would double by the 2050s and rise by
a further 50% by the 2080s. This is approximated from the analysis of Perry et al. (2022).3* Under a

30 Gagkas et al. (2022). Provision of Analyses of Scottish Fire and Rescue Service (SFRS) Incident Reporting System (IRS) Data
in Relation to Wildfire Incidents. Report prepared for the Scottish Government. [online] The James Hutton Institute.
Available at: https://www.gov.scot/publications/provision-analyses-scottish-fire-rescue-service-sfrs-incident-reporting-
system-irs-data-relation-wildfire-incidents/documents [Accessed 20 Jun. 24]

31 Perry et al. (2022). Past and future trends in fire weather for the UK [online] Natural Hazards and Earth System Sciences.
Available at: DOI: https://doi.org/10.5194/nhess-22-559-2022
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4°C change scenario, we forecast that the area burned per year would triple by the 2050s and
quadruple by the 2080s.

The current and estimated future area burned from wildlife in Highland is shown below. This is very
high but was skewed by one large wildfire of >5,000 ha in Highland, which included a large area of
peatland.

Area burned (ha)

o mmmm

Bogs & peatlands 3,479 3,976 6,957 8,697
Shrubland 2°C 11,132 12,722 22,264 27,830
Grasslands 2°C 4,870 5,566 9,740 12,176
Improved grass 2°C 5,218 5,964 10,436 13,045
Broadleaves 2°C 2,435 2,783 4,870 6,088
Mixed woodland 2°C 1,391 1,590 2,783 3,479
Conifers 2°C 5,566 6,361 11,132 13,915
Total 2°C 34,092 38,962 68,183 85,229
Bogs & peatlands 4°C 3,479 4,473 10,436 13,915
Shrubland 4°C 11,132 14,312 33,396 44,528
Grasslands 4°C 4,870 6,262 14,611 19,481
Improved grass 4°C 5,218 6,709 15,654 20,872
Broadleaves 4°C 2,435 3,131 7,305 9,740
Mixed woodland 4°C 1,391 1,789 4,174 5,566
Conifers 4°C 5,566 7,156 16,698 22,264
Total 4°c 34,092 43,832 102,275 136,366

Table 3. Current and estimated future area burnt from wildfire in Highland. Source: Authors based
on Gagkas et al. (2022) and Perry et al. (2022).3%33

32 Gagkas et al. (2022). Provision of Analyses of Scottish Fire and Rescue Service (SFRS) Incident Reporting System (IRS) Data
in Relation to Wildfire Incidents. Report prepared for the Scottish Government. [online] The James Hutton Institute.
Available at: https://www.gov.scot/publications/provision-analyses-scottish-fire-rescue-service-sfrs-incident-reporting-
system-irs-data-relation-wildfire-incidents/documents [Accessed 20 Jun. 24]

33 Perry et al. (2022). Past and future trends in fire weather for the UK [online] Natural Hazards and Earth System Sciences.
Available at: DOI: https://doi.org/10.5194/nhess-22-559-2022
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The study valued the costs associated with the number of hectares burned to create three cost
streams:

e (Carbon dioxide equivalent (COe) emissions — Quantified using emissions factors for each
land type (tCO2e/ha/year) and valued using the most recent central series of carbon prices
from HM Government.3*3° For peatlands, the study also ran a sensitivity analysis to look at
the emissions from drained and undrained peatlands (shown in Table 7). The factors are
much higher for drained peatland.

e PM 2.5 air pollution — Quantified using the ratio of 0.045 tPM,.s per tCO.e and valued using
Defra latest valuation of PM2.5 pollution in low population density areas.3¢3” The Defra low
population density value refers to areas of less than 250 people per km? and so, given the
Highland population density of roughly just 9 people per km?, it was deemed more accurate
to adjust the Defra value on a per-capita basis to make it Highland-specific. The study divided
the £3,386 per tonne value by the middle of the 0-250 people per km? range (125) and
multiplied by the population density of the highlands to get a cost per tonne of £244. It was
also assumed that there is an annual increase in the real costs of air pollution of 2%.

e Fire suppression costs — £15 per hectare.*®

The tables below present the monetised costs associated with wildfires in the Highland in GBP and as
a percentage of Gross Value Added (GVA) respectively, as well as the sensitivity analysis. Costs are
dominated by carbon emissions and, to a lesser extent, air pollution. The costs by area type are
dominated by bogs and peatlands and by forests (especially conifers).

34 |PCC (n.d.). Emission Factor Database. [online] IPCC. Available at: https://www.ipcc-nggip.iges.or.jp/EFDB/main.php
[Accessed 20 Jun. 24]

35 DESNZ and Department for Business, Energy, & Industrial Strategy (2021). Valuing greenhouse gas emissions in policy
appraisal. [online] Gov.uk. Available at: https://www.gov.uk/government/publications/valuing-greenhouse-gas-emissions-
in-policy-appraisal [Accessed 20 Jun. 24]

36 Geron, C. and Hays, M. (2013). Air emissions from organic soil burning on the coastal plain of North Carolina. [online]
Atmospheric Environment. Available at: https://doi.org/10.1016/j.atmosenv.2012.09.065

37 DEFRA (2023). Air quality appraisal: damage cost guidance. [online] Gov.uk. Available at:
https://www.gov.uk/government/publications/assess-the-impact-of-air-quality/air-quality-appraisal-damage-cost-
guidance#table-4 [Accessed 20 Jun. 24]

38 Scottish Government (2013). Fire and Rescue Service: Wildfire Operational Guidance. [online] Gov.uk. Available at:
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2013/10/fire-rescue-
service-wildfire-operational-guidance/documents/wildfire-operational-guidance/wildfire-operational-
guidance/govscot%3Adocument/00436138.pdf [Accessed 20 Jun. 24]

19


https://www.ipcc-nggip.iges.or.jp/EFDB/main.php
https://www.gov.uk/government/publications/valuing-greenhouse-gas-emissions-in-policy-appraisal
https://www.gov.uk/government/publications/valuing-greenhouse-gas-emissions-in-policy-appraisal
https://www.gov.uk/government/publications/assess-the-impact-of-air-quality/air-quality-appraisal-damage-cost-guidance#table-4
https://www.gov.uk/government/publications/assess-the-impact-of-air-quality/air-quality-appraisal-damage-cost-guidance#table-4
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2013/10/fire-rescue-service-wildfire-operational-guidance/documents/wildfire-operational-guidance/wildfire-operational-guidance/govscot%3Adocument/00436138.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2013/10/fire-rescue-service-wildfire-operational-guidance/documents/wildfire-operational-guidance/wildfire-operational-guidance/govscot%3Adocument/00436138.pdf
https://www.gov.scot/binaries/content/documents/govscot/publications/advice-and-guidance/2013/10/fire-rescue-service-wildfire-operational-guidance/documents/wildfire-operational-guidance/wildfire-operational-guidance/govscot%3Adocument/00436138.pdf

Economic Analysis Regional Report

eAD (source) ____ Scenarios | presentoay | 2035 | __a05s s |

Climate

Emissions (CO2e) 2°C £321,606,021  £396,526,689  £1,086,823,787 @ £2,123,490,956
Emissions (CO2e) 4°C £321,606,021  £446,092,525 £1,630,235,680 @ £3,397,585,529
Emissions (PM2.5) 2°C £13,806,333 £16,744,446 £53,077,932 £120,179,160
Emissions (PM2.5) 4°C £13,806,333 £18,837,502 £79,616,899 £192,286,655
Suppression costs 2°C £520,061 £594,356 £1,040,122 £1,300,153
Suppression costs 4°C £520,061 £668,650 £1,560,184 £2,080,245
Total 2°C £335,932,415  £413,865,491  £1,140,941,842  £2,244,970,268
Total 4°C £335,932,415  £465,598,677  £1,711,412,763 | £3,591,952,429

Table 4. Monetised costs (£) of wildfires by damage source, climate scenario and time period.

Source: Authors.

a0 scenaros | presentoay | ams | aoss | aoss |

Land Type Climate

Bogs & peatlands 2°C £101,843,760 @ £125,479,866 £346,042,663 £681,040,011
Shrubland 2°C £15,558,645 £19,155,091 £52,638,698 £103,364,862
Grasslands 2°C £6,806,907 £8,380,352 £23,029,430 £45,222,127
Improved grass 2°C £7,293,115 £8,978,949 £24,674,389 £48,452,279
Broadleaves 2°C £53,000,367 £65,299,949 £180,070,246 £354,379,145
Mixed woodland 2°C £30,285,924 £37,314,257 £102,897,283 £202,502,369
Conifers 2°C £121,143,697 @ £149,257,027 £411,589,133 £810,009,475
Total 2°C £335,932,415 @ £413,865,491  £1,140,941,842 £2,244,970,268
Bogs & peatlands 4°C £101,843,760 @ £141,164,849 £519,063,995 £1,089,664,018
Shrubland 4°C £15,558,645 £21,549,477 £78,958,046 £165,383,780
Grasslands 4°C £6,806,907 £9,427,896 £34,544,145 £72,355,404
Improved grass 4°C £7,293,115 £10,101,317 £37,011,584 £77,523,647
Broadleaves 4°C £53,000,367 £73,462,443 £270,105,368 £567,006,632
Mixed woodland 4°C £30,285,924 £41,978,539 £154,345,925 £324,003,790
Conifers 4°C £121,143,697  £167,914,155 £617,383,699 £1,296,015,159
Total 4°C £335,932,415 @ £465,598,677  £1,711,412,763 £3,591,952,429

Table 5. Monetised costs (£) of wildfires, split by land type, climate scenario and time period.

Source: Authors.
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Climate
Emissions (CO2e) 2°C 5.17% 6.06% 10.44% 12.65%
Emissions (CO2e) 4°C 5.17% 6.81% 15.65% 20.24%
Emissions (PM2.5) 2°C 0.22% 0.26% 0.51% 0.72%
Emissions (PM2.5) 4°C 0.22% 0.29% 0.76% 1.15%
Suppression costs 2°C 0.01% 0.01% 0.01% 0.01%
Suppression costs 4°C 0.01% 0.01% 0.01% 0.01%
Total 2°C 5.40% 6.32% 10.96% 13.37%
Total 4°C 5.40% 7.11% 16.43% 21.40%

Table 6. Monetised costs of wildfires by climate scenario and time period (% of GVA), Source:

Authors.

€AD by source | Scenarios | _presenoay | 2025 | __a0ss | __aoss |

Emissions (£) 2C (drained) £163,538,906 = £201,636,588  £552,657,479  £1,079,809,968
2C (undrained) = £31,662,608 £39,038,663 = £106,999,474  £209,060,952
4C (drained) £163,538,906 = £226,841,161  £828,986,219  £1,727,695,949
4C (undrained) = £31,662,608 £43,918,496 = £160,499,212 £334,497,524
Air pollution (£) 2C (drained) £7,020,616 £8,514,668 £26,990,499 £61,111,941
2C (undrained) £1,359,255 £1,648,517 £5,225,604 £11,831,823
4C (drained) £7,020,616 £9,579,001 £40,485,748 £97,779,106
4C (undrained) £1,359,255 £1,854,581 £7,838,406 £18,930,917
Fire suppression 2C (drained) £53,067 £60,649 £106,135 £132,669
(£) )
2C (undrained) £53,067 £60,649 £106,135 £132,669
4C (drained) £53,067 £68,230 £159,202 £212,270
4C (undrained) £53,067 £68,230 £159,202 £212,270
Total (£) 2C (drained) £170,559,522  £210,151,256  £579,647,978  £1,140,921,909
2C (undrained) = £33,074,930 £40,747,828 = £112,331,213 £221,025,444
4C (drained) £170,612,590  £236,480,811 = £869,578,102 = £1,825,607,723
4C (undrained) = £33,074,930 £45,841,306 = £168,496,820  £353,640,711

Table 7. Sensitivity analysis using low and high (undrained and drained) peatland emission factors.
Peatland only. Source: Authors.
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Overall, the costs of wildfires are estimated at £0.3 billion/year currently, driven by the high carbon
emissions from forest and peatland wildfires and the high carbon price. These costs potentially
increase fourfold by the mid-century due to the combination of increased risk from climate change
and higher carbon costs. These costs are equivalent to a high % of GVA, but these are dominated by
non-market effects, so they do not reduce GVA directly.

Health

Climate change is expected to have significant impacts on physical and mental health. In terms of
physical impacts, effects can be divided into those resulting in effects on morbidity (i.e., affecting
prevalence or severity of illness or disease) and mortality (deaths).

The future impacts of heat related mortality are a risk with potentially high economic costs. While
these are non-market in nature, the study undertook monetary valuation, using values for the
change in the risks of a fatality that are typically used in government economic appraisal (see Box 1).

The average daily outdoor temperature thresholds in the UK at which populations begin to show
heat-related mortality vary regionally from around 17°C to 20°C. Daily deaths increase above this
level. This is important as a large number of heat-related mortality cases occur outside of heatwaves
(at lower temperatures).

Hajat et al. (2014) estimated current heat-related mortality at 2,000 fatalities/year on average in the
UK.* This was based on analysis of deaths in the period 1993 — 2006. This includes all deaths above
the threshold of 17 to 20, °C and not just heatwave related deaths. The analysis also includes
estimates for Scotland.

39 Hajat et al. (2014). Climate change effects on human health: projections of temperature-related mortality for the UK
during the 2020s, 2050s and 2080s. [online] Journal of Epidemiology and Community Health. DOI:
https://doi.org/10.1136/jech-2013-202449
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Box 1: Valuing Heat-related mortality

In terms of valuation of benefit, there is an established set of methods for the valuation of reductions in mortality
(fatality) risk in the UK. This focuses on the “disutility welfare component:” the valuation of changes in the risk of death
in a given time period. This is commonly expressed through the metric of a Value of a Prevented Fatality (VPF), also
known as the Value of a Statistical Life (VSL). These metrics are already widely used in UK Government appraisal and
cost-benefit analysis, for example in transport appraisal. The value of a prevented fatality (VPF) used in transport
appraisal by the Department for Transport is currently around £2.2 million for prevention per casualty. 4°

Net Willingness  Medical & Total
Casualty type output to pay* ambulance
Fatal 141,851 2,063,940 1,217 2,207,009
Serious 27,325 202,046 16,553 245,924
Slight 2,888 14,790 1,226 18,904
Awerage, all casualties 8,620 69,977 3,823 82,420

Table 8. Average value of prevention per casualty by severity and element of cost £ (2021 prices and 2021
values). Source: Department for Transport (2022).4

However, there is some debate on the applicability of these values to the heatwave context. Those affected by
heatwaves include a large proportion of people who are old or have existing health conditions, and therefore have lower
life expectancy than assumed in the typical value of a prevented fatality. The period of life lost — notably for heatwaves —
may be small. This is often referred to as displaced mortality, i.e., the number of fatalities that occur in those who have
existing ill health and would have died anyway within a short period of time (also known as deaths brought forward).

Similar issues to this exist in the air quality context, and previous studies in UK Government appraisal have addressed
this by using a different measure, known as the value of a life-year (VOLY). The value of a life year lost due to the chronic
effects of air pollution has been used in recent studies to monetise the mortality risk in air pollution damage cost
calculations.*? The value used was £42,780 (2017 prices) and is based on life years lost being in normal health. Life years
lost due to the acute effects of short-term exposure to air pollution were valued at £22,110 per life year lost.*3

However, the standard method for monetising the loss of quality of life due to health conditions is Quality Adjusted Life
Years (QALYs). In accordance with the HMT Green Book, QALYs are valued at £60,000 in 2014 prices. This is different from
the value of a life year used in the mortality risk pathway and can be explained by the fact that the QALY represents the
value of a year lived in perfect health.* These values can be transferred to a climate change related context.*> However,
this requires information about the average period of life lost from heat-related mortality and the quality of life lost.
There is no robust evidence on this. Previous studies in this area (e.g., Hunt et al., 2017) have used a range of monetary
benefits, representing VSL and VOLY/QALY valuation, although the two approaches lead to very large differences in the
size of benefit estimates.*

40 Department for Transport (2022). TAG data book. [online] Gov.uk. Available at:
https://www.gov.uk/government/publications/tag-data-book [Accessed 20 Jun. 24]

41 |bid.

42 Birchby et al. (2019). Air Quality damage cost update 2019. Report for Defra. [online] Available at: https://uk-
air.defra.gov.uk/assets/documents/reports/cat09/1902271109 Damage cost update 2018 FINAL Issue 2 publication.pd
f [Accessed 20 Jun. 24]

43 |bid.

44 HM Treasury (2022). The Green Book. [online] gov.uk. Available at: https://www.gov.uk/government/publications/the-
green-book-appraisal-and-evaluation-in-central-government/the-green-book-2020 [Accessed 20 Jun. 2024]

45 Hames D. and Vardolulakis, S. (2012). Climate Change Risk Assessment for the Health Sector. UK Climate Change Risk
Assessment 2012. [online] DEFRA. Available at: https://randd.defra.gov.uk/ProjectDetails?Projectld=15747 [Accessed 8 Jul.
24]

46 Hunt et al. (2017). Climate and weather service provision: Economic appraisal of adaptation to health impacts. [online]
Climate Services Volume 7. DOI: https://doi.org/10.1016/j.cliser.2016.10.004
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The Scotland values from Hajat et al. (2014) were downscaled for Highland based on population. The
estimated population is 5.491 million in Scotland and 237,000 in Highland, thus the latter is 4.3% of
the total population.?’” The analysis assumed that the risks (and therefore costs) are equal in rural
areas of Highland as for Scotland overall, when in practice there are likely to be higher risks in the
major urban areas of Glasgow and Edinburgh.

The additional heat-related mortality risks are then valued using the two valuation metrics in Box 1,
noting these lead to very large differences. The value of Statistical Life (VSL) gives high values, albeit
still modest for Highland. The value of a life-year (VOLY) approach gives very low economic values.

Historic period Fatalities/year historic | Valuation (VSL) Valuation (VOLY) £M/year
£M/year historic historic

All heat fatalities Scotland

All heat fatalities Highland 1.6 3.6 0.1

2020s Fatalities/year 2020s  Valuation (VSL) Valuation (VOLY) £M/year
£M/year 2020s 2020s

All heat fatalities Scotland 73 160 4.4

All heat fatalities Highland 3.1 6.9 0.2

2050s (note values are Fatalities/year 2020s  Valuation (VSL) Valuation (VOLY) £M/year

undiscounted) £M/year 2020s 2020s

All heat fatalities Scotland 157 347 9.4

All heat fatalities Highland 6.8 15.0 04

Table 9. Potential impacts and economic costs of heat related mortality in Scotland and Highland.
Source: Authors. Note: Total economic cost of heat related mortality (EMillion/year). 2021 prices,
no GDP uplift, no discounting of future values, from central estimates by Hajat et al. (2014) for
medium climate change.”® For subsequent economic appraisal, Defra guidance is to increase the
valuation unit values by 2% per year to reflect rising willingness to pay.

The estimated economic costs from climate change are therefore projected to be low (if the VOLY is
used) and more significant (if the Value of Statistical Life (VSL) is used). However, the future
population projections for Highland show a relatively flat overall population, but an increasing
proportion of elderly people (as a %). The proportion over 65 rises from just over 20% currently to
one third (33%). This may indicate rising vulnerability, as the majority of heat related fatalities arise
people over 65 years old.

47 Sayers et al. (2020). Main Report of Third UK Climate Change Risk Assessment (UKCCRA3) Future Flood Risk. [online] UK
Climate Risk. Available at: https://www.ukclimaterisk.org/wp-content/uploads/2020/07/Future-Flooding-Main-Report-
Sayers-1.pdf [Accessed 20 Jun. 2024].

48 Hajat et al. (2014). Climate change effects on human health: projections of temperature-related mortality for the UK
during the 2020s, 2050s and 2080s. [online] Journal of Epidemiology and Community Health. DOI:
https://doi.org/10.1136/jech-2013-202449
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Figure 6. Future population projections for Highland. Source: Cambridge Econometrics (2019).%°

The analysis has also assessed the data from OpenClim, a UKRI funded integrated impact assessment
model - building on the work by Jenkins et al. (2022).%°! This has included estimated future annual
mortality cases for future warming levels and acclimatisation (i.e., the beneficial physiological
adaptations that occur during repeated exposure to a hot environment). It also includes socio-
economic changes using the 2019 Climate Change Committee (CCC) commissioned socio-economic
projections (Cambridge Econometrics, 2019).%2

The OpenClim results are shown below in Table 10 and Figure 7 for the average values for Shared
Socioeconomic Pathway 2 (SSP2). The full uncertainty range including SSP4 are shown in Appendix 3,
with the 2 degrees of acclimatisation included. The OpenClim results give lower values than Hajat et
al. (2014). For example, the central value for the 2050s drops from 6.8 fatalities to 2.6 fatalities. One
reason for this is the updated baseline, as compared to Hajat et al. (2014).

49 Cambridge Econometrics (2019) A consistent set of socioeconomic dimensions for CCRA3. [online] UK Climate Risk.
Available at: https://www.ukclimaterisk.org/wp-content/uploads/2020/07/Socioeconomic-Dimensions-Final-Report CE.pdf
[Accessed 20 Jun. 24]

50 OpenCLIM (2023). UK integrated assessment for climate impacts and adaptation. Project hosted by the Tyndall Centre at
the University of East Anglia. [online] OpenCLIM. Available at: https://tyndall.ac.uk/projects/openclim [Accessed 27 Jun. 24]
51 Jenkins et al. (2022). Updated projections of UK heat-related mortality using policy-relevant global warming levels and
socio-economic scenarios. [online] Environmental Research Letters. DOI: https://doi.org/10.1088/1748-9326/ac9cf3

52 Cambridge Econometrics (2019) A consistent set of socioeconomic dimensions for CCRA3. [online] UK Climate Risk.
Available at: https://www.ukclimaterisk.org/wp-content/uploads/2020/07/Socioeconomic-Dimensions-Final-Report CE.pdf
[Accessed 20 Jun. 24]
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0.6

Baseline
With climate change only

1.5C scenario 1.9 2.1
2C scenario 2.6 2.9
3C scenario 5.7
4C scenario 9.7
With climate change and acclimatisation

1.5C with 1C adaptation 0.7 0.9
2C with 1C adaptation 1.0 1.3
3C with 1C adaptation 2.9
4C with 1C adaptation 4.3

Table 10. Potential fatalities / year due to heat related mortality in Highland under climate change
and with adaptation. SSP2. Source: OpenClim (2023).%3
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Figure 7. Heat-related fatalities/year for Highland with no adaptation or 1 degree Celsius
acclimatisation. Source: OpenClim (2023).>*

Using the OpenClim study, it is also possible to explore the geographical distribution of the future
projections. The work shows that the additional fatalities are concentrated in Inverness.

53 OpenCLIM (2023). UK integrated assessment for climate impacts and adaptation. Project hosted by the Tyndall Centre at
the University of East Anglia. [online] OpenCLIM. Available at: https://tyndall.ac.uk/projects/openclim [Accessed 27 Jun. 24]
54 Ibid.
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Figure 8. Spatial pattern of average annual heat-related deaths in the UK for all ages based on an
ensemble of 12 RCM simulations (mean estimates across the 12 RCMs are shown) at 12 km for (a)
near-past; (b) 2°C global warming in 2030 and (c) 4°C global warming in 2100. These results
consider both climate change and population change but not adaptation. Boundaries represent
Local Authority Districts (LADs) for geographical context. Source Jenkins et al. (2022).%

The study undertook a valuation using the same approach as for Hajat et al. (2014). This indicates
economic costs in the 2050s of £4 million to £6 million/year (based on Value of Statistical Life, VSL)
but much lower than this if the Value of Life Year (VOLY) value is used.

55 Jenkins et al. (2022). Updated projections of UK heat-related mortality using policy-relevant global warming levels and
socio-economic scenarios. [online] Environmental Research Letters. DOI: https://doi.org/10.1088/1748-9326/ac9cf3
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1.3

Baseline

With climate change only

1.5C scenario 4.2 4.7
2C scenario 5.8 6.4
3C scenario 12.6
4C scenario 21.4
With climate change and acclimatisation

1.5C with 1C adaptation 1.5 2.1
2C with 1C adaptation 2.3 2.9
3C with 1C adaptation 6.5
4C with 1C adaptation 9.5

Table 11. Potential economic costs of heat related mortality in Highland (EMillion/year) using VSL
valuation. SSP2. Source: OpenClim (2023).5¢

Baseline 0.03

With climate change only

1.5C scenario 0.12 0.13
2C scenario 0.16 0.17
3C scenario 0.34
4C scenario 0.58
With climate change and acclimatisation

1.5C with 1C adaptation 0.04 0.06
2C with 1C adaptation 0.06 0.08
3C with 1C adaptation 0.18
4C with 1C adaptation 0.26

Table 12. Potential economic costs of heat related mortality in Highland (EMillion/year) using
VOLY valuation. SSP2. Source: OpenClim (2023).%’

Overall, the analysis indicates relatively small increases in heat related risks in Highland, with
potentially only a handful of additional heat-related mortality cases per year by 2050. This equates to
low to modest economic costs (noting these are the societal costs, and do not reduce GVA directly).

56 OpenCLIM (2023). UK integrated assessment for climate impacts and adaptation. Project hosted by the Tyndall Centre at
the University of East Anglia. [online] OpenCLIM. Available at: https://tyndall.ac.uk/projects/openclim [Accessed 27 Jun. 24]
57 1bid.
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At the same time, there would be potential benefits from reduced winter mortality. This would lead
to economic benefits in Highland. While these have not been quantified here, it is stressed that the
potential economic benefits would be important and could be larger than the increase in heat-
related mortality above.

Labour Productivity

There is a well-established literature that considers heat-humidity-related climate change impacts on
labour productivity. These impacts are sometimes reported under occupational health.

To cope with heat, there is typically a reduction in work intensity or an increase in breaks. This
reduces output, with the result of lower employee output and lower labour productivity (a measure
of output per employee or unit of labour). In extreme heat, there are also risks of heat stress, heat
exhaustion, heat stroke and even fatality. These effects apply to outdoor workers, but also to indoor
workers who are not working in a temperature-controlled environment, noting that there are
occupational standards for the latter.>®

The analysis uses the results from OpenClim, which builds on the method of Costa et al. (2016).>°
The results are expressed as total days per year lost across all sectors. The numbers are extremely
low when considering the acclimatised numbers, though they are higher without adaptation.

0.5

Baseline

With climate change

1.5C scenario 425 453
2C scenario 719 765
3C scenario 3,831
4C scenario 8,166
With climate change and acclimatisation

1.5C scenario 0.0 0.0
2C scenario 0.2 0.2
3C scenario 38.3
4C scenario 91.4

Table 13. Potential impacts of labour productivity (total lost days per year) in Highland. SSP2.
Source: OpenClim (2023).%°

58 Szewzyk, W., Mongelli, I. and Ciscar, J. (2021). Heat stress, labour productivity and adaptation in Europe—a regional and
occupational analysis. [online] Environmental Research Letters. DOI: https://doi.org/10.1088/1748-9326/ac24cf

59 Costa et al. (2016). Climate change, heat stress and labour productivity: A cost methodology for city economies. [online]
London School of Economics and Political Science Grantham Research Institute on Climate Change and the Environment.
Available at: https://www.lse.ac.uk/granthaminstitute/publication/climate-change-heat-stress-and-labour-productivity-a-
cost-methodology-for-city-economies/ [Accessed 20 Jun. 24]

80 OpenCLIM (2023). UK integrated assessment for climate impacts and adaptation. Project hosted by the Tyndall Centre at
the University of East Anglia. [online] OpenCLIM. Available at: https://tyndall.ac.uk/projects/openclim [Accessed 27 Jun. 24]
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To value these, the study used the Index of Labour Costs per Hour from the UK Office for National
Statistics, which provides a value of £171/day. The results are shown below, with and without
acclimatisation. ®

The findings show that the results with acclimatisation are effectively negligible in 2050s, and even
with no adaptation, estimates are still limited to £120,000/year.

£Million/year with Acclimatization m 2080s

Baseline 0.00008

With climate change

1.5C scenario 0.07 0.08
2C scenario 0.12 0.13
3C scenario 0.65
4C scenario 1.39
With climate change and acclimatisation

1.5C scenario 0.00000 0.00000
2C scenario 0.00003 0.00003
3C scenario 0.00651
4C scenario 0.01554

Table 14. Potential economic costs of labour productivity in Highland (EMillion/year). SSP2. Source:
OpenClim (2023).52 Note: Top with acclimatisation, bottom not adapted.

The analysis above focuses on negative impacts, i.e., risks. Low temperatures are also associated with
lower outdoor employee productivity and lower work output, and thus labour productivity. There is
therefore the potential for benefits (opportunities) from higher winter related labour productivity
with climate change, notably in some sectors for Highland. These are likely to be larger than the
negative effects above but were not valued for the purpose of this study.

Sector Report Impacts

In addition to economy-wide impacts, the study also drew on the more in-depth sector reports
undertaken for the forestry and timber, energy, and food and drink sectors. The results are
summarised briefly below for the purpose of contributing to the aggregate regional analysis of
economic costs. Further detail is available in the three individual sector reports.

61 Office for National Statistics (2020). Index of Labour Costs per hour, seasonally adjusted. [online] Office for National
Statistics. Available at:
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/earningsandworkinghours/datasets/indexoflabourco
stsperhourilchseasonallyadjusted [Accessed 20 Jun. 24]

62 OpenCLIM (2023). UK integrated assessment for climate impacts and adaptation. Project hosted by the Tyndall Centre at
the University of East Anglia. [online] OpenCLIM. Available at: https://tyndall.ac.uk/projects/openclim [Accessed 27 Jun. 24]
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Forestry and Timber

For the forestry sector, the assessment found high costs from windthrow (trees uprooted by wind),
drought risk, and the potential increase in pests and diseases from climate change. The analysis
estimates that these costs could rise to high tens of millions a year by mid-century. There is also
some potential for positive effects from the extended growing season and other possible beneficial
factors.

Energy

For the energy sector, the assessment identified that climate change could have aggregate costs to
the sector in the high tens of millions a year, and that these will rise over time. However, there is
uncertainty in each of the areas explored, and it is noted that the costs and benefits fall on different
stakeholders (households, businesses, and asset owners).

The study found potentially very high costs to electricity generation, arising from a combination of
the increased deployment of renewables over time (to hit the net zero target) and the potential
reductions in electricity generation from rising climate change impacts. Whilst the study looked at
average changes, it is also highlighted that changes in extreme events could add to these risks, for
example from the potential increase in storm intensity and increased disruptions (though the effects
of climate change on these hazards is unclear)

There were also potentially high impacts identified from reduced water availability for green
hydrogen production and from failure to consider climate risks in the infrastructure proposed for the
developments of the Inverness and Cromarty Firth Green Freeport.

At the same time, the analysis projects economic benefits to the region because of reduced demand
for winter heating (for domestic and commercial properties) from warmer temperatures with climate
change. These increase over time and with warmer future scenarios.

Food and Drink

For the food and drink sector, the study explored the impacts of climate change on aquaculture and
whisky production, as two of the most important regional exports. For aquaculture, the study assessed
the potential risks of the climate change on salmon stocks and changes in production due to increases
in sea lice. The study also assessed the potential impacts to distillers from climate change, focusing on
the impact of drought on Scottish Barley and increases in prices. While indicative, the study estimates
that the costs of climate change to these sectors could to tens of millions each year by the 2050s.

Valuation

The study has summarised the bottom-up sectoral assessments in Table 15 to provide an aggregate
view of the potential economic costs to the region based on specific impacts. It is stressed that this
covers the risks and opportunities covered in the study and there are a wider set of risks and
opportunities in the forthcoming wider Highland Climate Risk and Opportunity Assessment that are
not covered.
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Risk
Health

Val f Life Y
E1: Risks of heat- alue of Lite Years

. Lost (VOLY)
related mortality from .
rising temperatures* Value of a Statistical
Life (VSL)

Business

B1: Impact of rising temperatures on labour
productivity

Energy

E1: Risks to energy generation from extreme
weather and climatic conditions

E2: Risks to Energy Distribution from extreme
weather and changing climatic conditions
E3: Risks and opportunities arising from
changes in energy demand

E4: Risks to delivery of net zero plans for the
Energy Sector

Forestry and Timber

FT1: Risks to forestry from high winds

FT2: Risks to forestry from drought, pest and
disease

FT3: Risks to forestry from wildfires

Food and Drink

FD1: Risks to salmon production from rising
sea temperature and acidification

FD2: Risks to whisky production from
extreme events and climate conditions

Impact

>£25 million/year

£5 - 25 million/year
-Medium £0.5 - 5 million/year
-Low <£0.5 million/year

Time Period

Current 2030s 2050s 2080s
-Low -Low -Low

-Low -Low -Low -Low

-High Not costed but potentially high

+Medium +Medium +High +High
-Very High -Very High -Very High
-Medium Indicative additional costs of £100 - £500

(-Very High for
extreme storms)

over century on top of current risk
(-High/-Very High extreme years)

Rising pest and disease control costs plus
rising losses from increasing outbreaks

-Medium (-High/-Very High). Additional risk of
drought in later decades.
_Hieh Doubling to c.£18m in average year, rising
& to ¢.£80m in peak years.
-Medium -Medium -High -High
Benefit

+Very High >£25 million/year

+High £5 - 25 million/year
+Medium £0.5 - 5 million/year
+Low <£0.5 million/year

Table 15. Total estimated Economic costs of current climate extremes and future climate change for
Highland. Source: Authors. Note: *The magnitude of this risk depends strongly on the valuation
approach used (VOLY or VSL), flipping the numbers from low to high.
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Conclusion and Recommendations

Extreme weather is already affecting the Highland economy and that climate change presents a
significant economic risk to the Highland region in the future. This study has reviewed multiple lines
of evidence to assess the economic impact of climate change across Highland and on key economic
sectors.

Whilst the impacts of climate change are largely likely to result in significant costs, there may also be
economic benefits, including from reduced heating demand. However, these benefits are likely to be
small compared to the aggregate negative impacts. Since these negative impacts are large, and lower
under lower levels of warming, they support the case for significant action to curb emissions.
However, given the residual impacts, it is clear that there would be benefits in assessing the potential
adaptation options to address these risks in Highland, considering the potential options, costs and
benefits of adaptation to address the risks identified.

It is stressed that this study has focused on the available risk information, and that further analysis

would be possible with additional resources. This could include incorporating the full set of outputs
from the OpenClim Model, as well as the full list of risks and opportunities that were considered in

the third UK Climate Change Risk Assessment (UKCCRA3).
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Appendix 1. Key terms

A non-exhaustive list of key terms used throughout this report.

AAD - Average Annual
Damage

EAD - Expected Annual
Damage

Gross Domestic Product
(GDP)

GVA - Gross Value
Added

Impacts

Particulate Matter 2.5 —
PM2.5

Representative
Concentration Pathway
(RCP)

34

Annual Average Damages are the theoretical average economic damages caused
by flooding when considered over a very long period of time

An expected annual damage (EAD) is the expense that would occur in any given
year if monetary damages from all probabilities and magnitudes of a hazard were
spread out equally over time

Gross domestic product (GDP) is the total monetary or market value of all the
finished goods and services produced within a place (e.g., a region or country's
borders) in a specific time period

An economic productivity metric that measures the contribution of a corporate
subsidiary, company, or municipality to an economy, producer, sector, or region.
GVA values the amount of goods and services that have been produced in a place,
less the cost of all inputs and raw materials that are directly attributable to that
production.

The term ‘Impacts’ refers to the consequences of realised risks on natural and
human systems, where risks result from the interactions of climate-related
hazards (including extreme weather/climate events), exposure, and vulnerability.
Impacts generally refer to effects on lives, livelihoods, health and well-being,
ecosystems and species, economic, social and cultural assets, services (including
ecosystem services) and infrastructure. Impacts may be

referred to as consequences or outcomes, and can be adverse or

beneficial.

Particulate matter (PM) is everything in the air that is not a gas and therefore
consists of a huge variety of chemical compounds and materials, some of which
can be toxic. Due to the small size of many of the particles that form PM some of
these toxins may enter the bloodstream and be transported around the body,
lodging in the heart, brain and other organs. Therefore, exposure to PM can result
in serious impacts to health, especially in vulnerable groups of people such as the
young, elderly, and those with respiratory problems. As a result, particulates are
classified according to size. The UK is currently focused on measuring the
fractions of PM where particles are less than 10 micrometres in diameter (PM10)
and less than 2.5 micrometres in diameter (PM2.5) based on the latest evidence
on the effects of PM to health.

Scenarios of time series of emissions and concentrations of the full suite of
greenhouse gases (GHGs) and aerosols and chemically active gases, as well as
land use/land cover. The word ‘representative’ signifies that each RCP provides
only one of many possible scenarios that would lead to the specific radiative
forcing characteristics. By design, RCPs are not associated with particular socio-
economic development approaches. This allows policymakers to explore different
levels of emissions and climate change along the dimension of the RCPs against
the backdrop of different socio-economic development pathways (SSPs) on the
other dimension in a matrix. This integrative SSP-RCP framework is now widely



Highland Climate Risk & Opportunity Assessment

Risks

Sensitivity Analysis

Shared Socio-economic
Pathway (SSP)

UKCCRA3 — Third UK
Climate Change Risk
Assessment

Value of Life Years Lost
(voLy)

Value of a Statistical Life
(VSL)

used in the climate impact and policy analysis literature. RCPs typically refer to
the portion of the concentration pathway extending up to 2100, for which
integrated assessment models produced corresponding emission scenarios.

The potential for adverse consequences for human or ecological

systems, recognising the diversity of values and objectives associated with such
systems. In the context of climate change impacts, risks result from dynamic
interactions between climate-related hazards with the exposure and vulnerability
of the affected human or ecological system to the hazards. Hazards, exposure and
vulnerability may each be subject to uncertainty in terms of magnitude and
likelihood of occurrence, and each may change over time and space due to socio-
economic changes and human decision-making.

Sensitivity analysis determines how different values of an independent variable
affect a particular dependent variable under a given set of assumptions. In other
words, sensitivity analyses study how various sources of uncertainty contribute to
overall uncertainty.

Shared socio-economic pathways (SSPs) have been developed

to complement the Representative Concentration Pathways

(RCPs) by providing different socio-economic development pathways for use in
modelling. By design, the RCP emission and concentration pathways were
stripped of their association with a certain socio-economic development. This
allows policymakers to explore different levels of emissions and climate change
along the dimension of the RCPs against the backdrop of different socio-economic
development pathways (SSPs) on the other dimension in a matrix. This integrative
SSP-RCP framework is now widely used in the climate impact and policy analysis
literature.

Under the Climate Change Act 2008, the UK Government is required to publish a
Climate Change Risk Assessment (CCRA) every five years. The assessment sets out
the risks and opportunities facing the UK from climate change.

One of a number of ways to monetise the benefits of reducing the risk of death,
increasing life expectancy and improving health-related quality of life. The
measure is the value of a life year lost compared to being in normal health

One of a number of ways to monetise the benefits of reducing the risk of death,
increasing life expectancy and improving health-related quality of life. Value of
Statistical Life values the impact of risks to the length of life. It focuses on the
‘disutility welfare component’: the valuation of changes in the risk of death in a
given time period. It is sometimes referred to as the value of a prevented fatality
(VPF)
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Appendix 2. Sayers et al. (2020) Flood Risk

Management tables for the Highland Region

Tables 16, 17, and 18 present the forecasts for the residential, non-residential, and total EAD due to
flooding for 2025, 2055 and 2085 based on the UKCCRA3 series, including the GDP uplift. Table 19
presents the total EAD due to flooding under each scenario as a percentage of Highland GVA.

| scenwos | presemoay | 205 | a0ss s

Climate
2°C
4°C
2°C
4°C
2°C
4°C
2°C
4°C
2°C
4°C
2°C
4°C

Population
Low
Low
High
High
Low
Low
High
High
Low
Low
High
High

Adaptation
Current
Current
Current
Current
EWS
EWS
EWS
EWS
RWS
RWS
RWS
RWS

£3,736,706
£3,736,706
£3,736,706
£3,736,706
£3,736,706
£3,736,706
£3,736,706
£3,736,706
£3,736,706
£3,736,706
£3,736,706

£3,736,706

£4,608,406
£4,850,210
£4,529,138
£4,768,722
£4,499,078
£4,735,787
£4,413,193
£4,647,397
£4,792,164
£5,043,025
£4,729,471

£4,978,986

£8,186,506
£9,218,184
£7,617,837
£8,585,427
£7,823,729
£8,830,272
£7,116,911
£8,038,721
£8,525,793
£9,896,752
£8,209,694

£9,527,476

£14,701,850
£17,754,697
£13,246,575
£16,050,540
£13,933,443
£16,818,471
£12,093,733
£14,639,391
£15,717,402
£20,105,943
£14,823,362

£18,992,856

Table 16. Residential Expected Annual Damage (EAD) (£) from flooding for Highland by climate,
population and adaptation scenario. Source: Authors, based on Sayers et al. (2020) and Cambridge

Econometrics (2019).5%6

63 Sayers et al. (2020). Main Report of Third UK Climate Change Risk Assessment (UKCCRA3) Future Flood Risk. [online] UK
Climate Risk. Available at: https://www.ukclimaterisk.org/wp-content/uploads/2020/07/Future-Flooding-Main-Report-
Sayers-1.pdf [Accessed 20 Jun. 2024].
64 Cambridge Econometrics (2019) A consistent set of socioeconomic dimensions for CCRA3. [online] UK Climate Risk.
Available at: https://www.ukclimaterisk.org/wp-content/uploads/2020/07/Socioeconomic-Dimensions-Final-Report CE.pdf
[Accessed 20 Jun. 24]
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Climate
2°C
4°C
2°C
4°C
2°C
4°C
2°C
4°C
2°C
4°C
2°C
4°C

Population
Low
Low
High
High
Low
Low
High
High
Low
Low
High
High

Adaptation
Current
Current
Current
Current
EWS
EWS
EWS
EWS
RWS
RWS
RWS
RWS

£7,266,492
£7,266,492
£7,266,492
£7,266,492
£7,266,492
£7,266,492
£7,266,492
£7,266,492
£7,266,492
£7,266,492
£7,266,492
£7,266,492

£7,564,519
£7,822,655
£7,376,414
£7,628,439
£6,736,107
£6,966,897
£6,568,518
£6,793,873
£8,152,052
£8,429,236
£7,949,383
£8,219,985

£11,748,696
£13,436,202
£10,117,175
£11,568,499
£10,615,902
£12,109,082

£9,141,615
£10,425,382
£13,838,154
£15,997,874
£11,917,435
£13,775,660

£24,887,786
£31,904,154
£18,250,112
£23,427,135
£22,510,763
£28,801,241
£16,505,295
£21,148,237
£29,343,445
£38,295,087
£21,523,092
£28,122,180

Table 17. Non-residential Expected Annual Damage (EAD) (£) from flooding for Highland by
climate, population and adaptation scenario. Source: Authors, based on Sayers et al. (2020) and
Cambridge Econometrics (2019).5>5¢

65 Sayers et al. (2020). Main Report of Third UK Climate Change Risk Assessment (UKCCRA3) Future Flood Risk. [online] UK
Climate Risk. Available at: https://www.ukclimaterisk.org/wp-content/uploads/2020/07/Future-Flooding-Main-Report-
Sayers-1.pdf [Accessed 20 Jun. 2024].
66 Cambridge Econometrics (2019). A consistent set of socioeconomic dimensions for CCRA3. [online] UK Climate Risk.
Available at: https://www.ukclimaterisk.org/wp-content/uploads/2020/07/Socioeconomic-Dimensions-Final-Report CE.pdf
[Accessed 20 Jun. 24]
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Climate
2°C
4°C
2°C
4°C
2°C
4°C
2°C
4°C
2°C
4°C
2°C
4°C

Population
Low
Low
High
High
Low
Low
High
High
Low
Low
High
High

Adaptation
Current
Current
Current
Current
EWS
EWS
EWS
EWS
RWS
RWS
RWS
RWS

£11,003,198
£11,003,198
£11,003,198
£11,003,198
£11,003,198
£11,003,198
£11,003,198
£11,003,198
£11,003,198
£11,003,198
£11,003,198
£11,003,198

£12,172,925
£12,672,865
£11,905,551
£12,397,161
£11,235,184
£11,702,684
£10,981,711
£11,441,270
£12,944,216
£13,472,261
£12,678,854
£13,198,971

£19,935,202
£22,654,386
£17,735,011
£20,153,927
£18,439,631
£20,939,354
£16,258,527
£18,464,103
£22,363,946
£25,894,627
£20,127,129
£23,303,137

£39,589,636
£49,658,851
£31,496,687
£39,477,675
£36,444,207
£45,619,712
£28,599,027
£35,787,628
£45,060,847
£58,401,031
£36,346,455
£47,115,036

Table 18. Total Expected Annual Damage (EAD) (£) from flooding for Highland by climate,
population and adaptation scenario Source: Source: Authors, based on Sayers et al. (2020) and
Cambridge Econometrics (2019).57-68

67 Sayers et al. (2020). Main Report of Third UK Climate Change Risk Assessment (UKCCRA3) Future Flood Risk. [online] UK
Climate Risk. Available at: https://www.ukclimaterisk.org/wp-content/uploads/2020/07/Future-Flooding-Main-Report-
Sayers-1.pdf [Accessed 20 Jun. 2024].
68 Cambridge Econometrics (2019). A consistent set of socioeconomic dimensions for CCRA3. [online] UK Climate Risk.
Available at: https://www.ukclimaterisk.org/wp-content/uploads/2020/07/Socioeconomic-Dimensions-Final-Report CE.pdf
[Accessed 20 Jun. 24]
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Climate Population Adaptation

2°C Low Current 0.18% 0.19% 0.19% 0.24%
4°C Low Current 0.18% 0.19% 0.22% 0.30%
2°C High Current 0.18% 0.18% 0.17% 0.19%
4°C High Current 0.18% 0.19% 0.19% 0.24%
2°C Low EWS 0.18% 0.17% 0.18% 0.22%
4°C Low EWS 0.18% 0.18% 0.20% 0.27%
2°C High EWS 0.18% 0.17% 0.16% 0.17%
4°C High EWS 0.18% 0.17% 0.18% 0.21%
2°C Low RWS 0.18% 0.20% 0.21% 0.27%
4°C Low RWS 0.18% 0.21% 0.25% 0.35%
2°C High RWS 0.18% 0.19% 0.19% 0.22%
4°C High RWS 0.18% 0.20% 0.22% 0.28%

Table 19. Total Expected Annual Damage (EAD) from flooding as a percentage of Highland GVA by
climate, population and adaptation scenario. Source: Authors, based on Sayers et al. (2020) and
Cambridge Econometrics (2019).5%7°

69 Sayers et al. (2020). Main Report of Third UK Climate Change Risk Assessment (UKCCRA3) Future Flood Risk. [online] UK
Climate Risk. Available at: https://www.ukclimaterisk.org/wp-content/uploads/2020/07/Future-Flooding-Main-Report-
Sayers-1.pdf [Accessed 20 Jun. 2024].

70 Cambridge Econometrics (2019). A consistent set of socioeconomic dimensions for CCRA3. [online] UK Climate Risk.
Available at: https://www.ukclimaterisk.org/wp-content/uploads/2020/07/Socioeconomic-Dimensions-Final-Report CE.pdf
[Accessed 20 Jun. 24]
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Appendix 3: OpenClim Results for Highland

Annual heat related mortality

SSP2

Base results

SSP2

Base results
Adapt 1 degree
Adapt 2 degree

SSP4
Base results

Adapt 1 degree
Adapt 2 degree

2011
10th 90th
0.4 0.8

1.5
2050
Av 10th
1.9 15
0.7 0.4
0.3 0.2

2050
Av 10th
1.8 1.4
0.7 0.4
0.3 0.2

90th
2.4
0.9
0.4

90th
2.3
0.9
0.5

2
2050
Av  10th
2.6 2.0
1.0 0.7
0.4 0.2
2050
Av 10th
2.5 1.9
1.0 0.6
0.5 0.3

90th
3.4
1.5
0.7

90th
3.2
1.4
0.7

15
2080
Av  10th

2.1 1.7
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0.4 0.2
2080
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1.8 14
0.8 0.6
0.3 0.2

90th
2.6
1.2
0.6
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2.3
1.1
0.5

2
2080
Av | 10th
2.9 2.3
1.3 1.0
0.6 0.4
2080
Av 10th
2.5 1.9
1.1 0.8
0.5 0.3

90th
3.7
1.8
0.8

90th
3.2
1.5
0.7

3
2080
Av | 10th
5.7 4.1
2.9 1.9
15 0.9
2080
Av 10th
4.9 3.5
2.5 1.7
13 0.8
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7.3
4.1
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6.3
3.5
1.9
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9.7
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8.3
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7.1
3.0
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Labour Productivity
SSP2
Near Past

Climate change only

Acclimatised

3 I
Climate+employment
change

1.5 2 1.5 2
Climate+employment Climate+employment = Climate+employment Climate+employment @ Climate+employment
change change change change change
Acclimatised Acclimatised Acclimatised Acclimatised Acclimatised
2011 SSP2-2050 SSP2-2050 SSP2-2080 SSP2-2080 SSP2-2080
Av | 10th | 90th Av 10th 90th Av 10th 90th Av 10th 90th Av 10th 90th Av 10th = 90th Av
0.5 0.0 1.8 0.0 0.0 0.0 0.2 0.0 0.7 0.0 0.0 0.0 0.2 0.0 0.7 38.3 0.0 162.2 0914
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Climate+employment Climate+employment Climate+employment Climate+employment Climate+employment Climate+employment
change change change change change change
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