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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/

Highland Climate Risk & Opportunity Assessment

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

Summarises current and future economic costs and benefits of climate change
Regional Report 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.

This report. 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

To complement and expand the assessment of overall macroeconomic impacts of climate change on
the Highland region, Highland Adapts commissioned Paul Watkiss Associates to provide economic
valuations of the impacts of climate change on three main economic sectors: Energy, Forestry and
Timber, and Food and Drink (with a focus on whisky and salmon).

Paul Watkiss Associates used a monetary valuation approach in line with HM Treasury Green Book
Guidance and the third UK Climate Change Risk Assessment (UKCCRA3).12 This analysis was light-
touch, in recognition of the time and resources of the study, which did not allow for detailed new
modelling assessment. The approach combined stakeholder feedback, local data and evidence, and a
review of literature to identify a wide range of current and projected impacts across the three chosen
sectors. These were then assessed for their potential magnitude to identify a subset of risks for
Highland and to quantify their size in economic terms over four time periods: present day, 2030s,
2050s and 2080s. The implications for proposed circularity policy were also considered and relevant
adaptation options were identified.

The study identified significant potential negative economic impacts to the Highland region from
climate change, though there is a degree of uncertainty in each of the areas explored. However, it is
noted that the analysis also identified positive effects, some of which could be large.

For the food and drink sector, the study explored the impacts of climate change on aquaculture and
whisky production only. These sectors comprise a significant proportion of the region’s export and
therefore constitute important economic activities in the region as well as the country. For
aquaculture, risks of the potential change in salmon stock and production due to rising sea
temperature and acidification were valued. The study also found high economic costs to whisky
production from extreme weather events and climate conditions.

The summary results for the two main risks are shown in Table 1.

1 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]

2 Watkiss, P., Cimato, F., and Hunt, A. (2021). Monetary Valuation of Risks and Opportunities in CCRA3. Supplementary
Report for UK Climate Change Risk Assessment 3, prepared for the Climate Change

Committee, London. [online] UK Climate Risk. Available at: https://www.ukclimaterisk.org/wp-
content/uploads/2021/06/Monetary-Valuation-of-Risks-and-Opportunities-in-CCRA3.pdf [Accessed 20 Jun. 2024]



https://www.gov.uk/government/publications/the-green-book-appraisal-and-evaluation-in-central-government/the-green-book-2020
https://www.gov.uk/government/publications/the-green-book-appraisal-and-evaluation-in-central-government/the-green-book-2020
https://www.ukclimaterisk.org/wp-content/uploads/2021/06/Monetary-Valuation-of-Risks-and-Opportunities-in-CCRA3.pdf
https://www.ukclimaterisk.org/wp-content/uploads/2021/06/Monetary-Valuation-of-Risks-and-Opportunities-in-CCRA3.pdf
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Time Period
Risk or Opportunity Current  2030s 2050s 2080s

FD1: Risks to salmon production from rising sea

= i - i -High -High
temperature and acidification R i

FD2: Risks to whisky production from extreme ; . . .
events and climate conditions very High very High

Impact Benefit

-Very High >£25 million/year +Very High >£25 million/year
£5 - 25 million/year +High £5 - 25 million/year

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

Table 1. Summary results for two main risks. Source: Authors. Note: all data shown as annualised
costs except those marked with a * where estimated from one-off costs.

From the two risks valued in detail, there is the potential for the costs of impacts to represent the
low tens of millions a year, rising to the mid tens of millions by the 2050s. However, as noted, these
are expected to be an underestimate both in the risks in themselves and of a wider set of risks to the
food and drink sector which were not valued in this report.

It is important to note that this study has considered economic impacts in isolation from wider
impacts within and across sectors. However, interactions and interdependencies between sectors can
often result in additional indirect costs.

In considering the relationship between climate risk and circularity, we found that there are a range
of potential synergies or trade-offs with adaptation activities. Pursuing circular economy policies has
the potential to increase or reduce current and future climate change risk, depending on how
policies are implemented in practice.

The fragmented nature of the food and drink sector made it challenging to draw recommendations
for adaptation. Therefore, we recommend that the Highland Adapts partnership prioritises more
detailed engagement with the aquaculture sector, brewers, and distillers in the first instance to
better understand the range of risks and adaptation responses before developing more detailed
adaptation options. We have provided an illustrative set of adaptation actions to stimulate further
discussion on what more is needed. These are presented in Table 2.
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Adaptation Action

Short-term Adjust feeding to encourage salmon to swim deeper Minor

(0-2 years) Grow larger smolts to reduce time at sea Moderate
Develop action plans to respond to fish health hazards Minor
Review and update marine spatial plans regularly Minor
Use lice skirts Minor
Investigate international barley suppliers Moderate

Medium-term  Investigate potential to exercise smolt to improve overall tolerance = Moderate

(2-5 years) of conditions
Develop improved management of treatment procedures Major
Use of snorkel sea cage technology Moderate
Explore barley irrigation options Major

Long-term Development of vaccines for salmon Major

(5+ years) Use of epigenetics to improve salmon robustness Major
Water supply storage facilities Major

Table 2. lllustrative adaptation options for whisky and aquaculture sectors. Source: Authors.

Whilst not considered in this study, the issue of land use cuts across all three sectors considered in
this project (food and drink, forestry and timber, and energy) and will influence adaptation choices.
There are potential synergies and trade-offs with net zero as the expansion of renewable energy
projects and forestry activities happen alongside the use of land for local food production.
Understanding this potential tension and the associated implications of this was beyond the
resources of this study but will be important when considering the implementation of adaptation
options and sector development.
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Introduction

To complement the assessment of overall macroeconomic impacts of climate change in the Highland
region, Highland Adapts commissioned Paul Watkiss Associates (PWA) to provide economic
valuations of the impacts of climate change on three main economic sectors: energy, forestry and
timber, and food and drink (with a focus on whisky and salmon). The reports assess economic risks
and opportunities and identify adaptation options for implementation in the next five years which
are underpinned by a strong economic rationale. This report sets out the findings for the food and
drink sector.

Method

The authors reviewed the risks developed for the wider Highland Climate Risk and Opportunity
Assessment and engaged with stakeholders in order to prioritise a list of risks and opportunities for
economic valuation.

The study then reviewed the available evidence on impacts for each of the risks and opportunities
identified and applied valuation techniques to generate indicative estimates of the total current and
future economic costs of climate change for each risk or opportunity. The valuation approach was
aligned with the third UK Climate Change Risk Assessment and allows comparison within and
between sectors.?

All risks and opportunities are expressed in monetary terms (£) and 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. More detail on the approach used to produce the valuation can be found in
the standalone method report. A list of key terms used in this report is included in Appendix 1.

Sector Context

Highland is home to a diverse range of food and drink producers, including distilleries, breweries,
bakeries, and fish farming (often referred to as aquaculture?). The sector is a key regional employer,
employing 12,000 people in Highland across accommodation and food services, plus those in
associated sectors such as Transport and Manufacturing. Food and Drink is considered a national
priority sector. The Scottish Government’s National Strategy for Economic Transformation sets out

3 Watkiss, P., Cimato, F. and Hunt, A. (2021). Monetary Valuation of Risks and Opportunities in CCRA3. Supplementary
Report for UK Climate Change Risk Assessment 3, prepared for the Climate Change

Committee, London. [online] UK Climate Risk. Available at: https://www.ukclimaterisk.org/wp-
content/uploads/2021/06/Monetary-Valuation-of-Risks-and-Opportunities-in-CCRA3.pdf [Accessed 20 Jun. 2024]

4 Aquaculture is the growing of finfish and shellfish. In Scotland, this primarily involves the farming of salmon and sea trout
held in sea pens; salmon and trout in freshwater pens; and shellfish (oysters and mussels) on rafts and lines in the sea.
Source: SEPA (n.d.). Aquaculture. [online] Scottish Environment Protection Agency. Available at:
https://www.sepa.org.uk/regulations/water/aquaculture [Accessed 21 Jun. 24]
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https://www.ukclimaterisk.org/wp-content/uploads/2021/06/Monetary-Valuation-of-Risks-and-Opportunities-in-CCRA3.pdf
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that both a blue economy and sustainable farming are areas where Scotland has the potential to
build world-leading industries, alongside food and drink exports and innovation.®

In 2023, the Scotland Food and Drink Partnership, (a collaboration between industry organisations,
research institutes, Scottish Government and its agencies), set out a ten-year strategy with the
ambition of “making Scotland the best place in the world to own, operate and work for a food and
drink business”, aiming for the country to be “renowned as a world leader in sustainable production
and responsible growth, where resilient businesses across the entire supply chain flourish and
prosper.”®

The Scottish Government has set out a vision to be a Good Food Nation, where “people from every
walk of life take pride and pleasure in, and benefit from, the food they produce, buy, cook, serve, and
eat each day.””

Section 1 of the Good Food Nation (Scotland) Act 2022, requires Scottish Ministers to produce a
national Good Food Nation Plan which sets out the Government’s goals for food policy and how it
intends to achieve and measure them, informed by the views of the food business sector.? To support
the delivery, the Scottish Government recently consulted on the first national Good Food Nation
Plan. The draft plan sets out six Good Food Nation outcomes:

1. Everyone in Scotland eats well with reliable access to safe, nutritious, affordable, sustainable,
and age and culturally appropriate food.

2. Scotland’s food system is sustainable and contributes to a flourishing natural environment. It
supports our net zero ambitions and plays an important role in maintaining and improving
animal welfare and in restoring and regenerating biodiversity.

3. Scotland’s food system encourages a physically and mentally healthy population, leading to a
reduction in diet-related conditions.

4. Our food and drink sector is prosperous, diverse, innovative, and vital to national and local
economic and social wellbeing. It is key to making Scotland food secure and food resilient
and creates and sustains jobs and businesses underpinned by fair work standards.

5. Scotland has a thriving food culture with a population who are interested in and educated
about good and sustainable food.

6. Scotland has a global reputation for high-quality food that we want to continue to grow.
Decisions we make in Scotland contribute positively to local and global food systems
transformation. We share and learn from best practice internationally.

Whilst climate change will have impacts for all food and drink businesses across the sector, the study
has focused on the economic assessment of the climate change risks and opportunities to whisky

5 Scottish Government (2022). National Strategy for Economic Transformation: Delivering Economic Prosperity. [online]
Available at: https://www.gov.scot/binaries/content/documents/govscot/publications/strategy-plan/2022/03/scotlands-
national-strategy-economic-transformation/documents/delivering-economic-prosperity/delivering-economic-
prosperity/govscot%3Adocument/delivering-economic-prosperity.pdf. [Accessed 21 Jun. 24]

6 Scotland Food and Drink Partnership (2023). Sustaining Scotland. Supplying the world. A strategy for Scotland’s food and
drink industry. [online] Scotland Food and Drink. Available at: https://foodanddrink.scot/media/cl1gbvoih/sfd-partnership-
industry-strategy-doc-low-res-pdf-final-170723.pdf [Accessed 20 Jun. 24]

7 Scottish Government (2024). National Good Food Nation Plan. [online] Available at:
https://www.gov.scot/publications/national-good-food-nation-plan/pages/2/ [Accessed 21 Jun. 24]

8 |bid.
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and salmon since these two sub-sectors together comprise the majority of value-added and export
earnings in Highland.®

Aquaculture

Aquaculture is a large industry in UK coastal waters, with an annual turnover of about £1.8 billion. It
is especially critical in western and northern Scotland.® AquaScot, one of the largest employee-
owned businesses in Scotland, is based in Highland. The production of Atlantic salmon (Sa/mo salar)
off the west coast and islands of Scotland, a significant part of which is in Highland, dominates UK
marine finfish aquaculture (192,129 tonnes in 2020).!

Figures from 2018 reveal the Scottish aquaculture sector supported 11,700 jobs and had a turnover
of £1.5 billion, with salmon being the UK’s largest food export.}? Salmon farming directly employed
1,722 people across freshwater and seawater farm sites. Labour productivity has risen from 18
tonnes of salmon per full-time equivalent (FTE) employee in 1987 to 135 tonnes per FTE in 2017.
Over 1 million salmon meals are consumed in the UK every day. The industry exports to over 60
countries with overseas sales worth more than £600 million, making Scottish farmed salmon the UK’s
most valuable food export.!3

Since the 1970s, the Scottish salmon farming industry has been controlled by major international
corporations with several production and processing facilities throughout Scotland.*

Whisky

The Scotch Whisky industry operates as the largest UK food and drink export sector, contributing
over £5 billion annually to the economy.?® Scotland currently has 133 active Scotch Whisky distilleries
that are divided into five geographical and climatically unique areas, 30 of which are in Highland.®

According to the Scotch Whisky Association, approximately 90% of the barley used in Scotch whisky
production is sourced from Scottish farms. One-sixth of Scottish barley production is produced by
farms in Highland.?” Approximately 35% Scotland's barley goes into malting. The total annual

9 Scotland Food and Drink Partnership (2023). Sustaining Scotland. Supplying the world. A strategy for Scotland’s food and
drink industry. [online] Scotland Food and Drink. Available at: https://foodanddrink.scot/media/clgbvoih/sfd-partnership-
industry-strategy-doc-low-res-pdf-final-170723.pdf [Accessed 20 Jun. 24]

10 Collins et al. (2020). Impacts of climate change on aquaculture. MCCIP Science Review 2020. [online] Marine Climate
Change Impacts Partnership. DOI: http://dx.doi.org/10.14465/2020.arc21.aqu

11 Murray et al. (2022). Climate change impacts on marine aquaculture relevant to the UK and Ireland. MCCIP Science
Review 2022. [online] Marine Climate Change Impacts Partnership. DOI: http://dx.doi.org/10.14465/2022.reu01.aqu

12 Cleary, S. (2020). The economic contribution of the Scottish Aquaculture Sector. [online] BiIGGAR Economics. Available at:
https://biggareconomics.co.uk/the-economic-contribution-of-the-scottish-aguaculture-sector [Accessed 21 Jun. 2024].

13 HIE (2019). Salmon Fishing in Scotland Briefing Note. [Online] Highlands and Islands Enterprise. Available at:
https://www.hie.co.uk/media/2986/salmonplusfarmingplusinplusscotlandplus-plusjanplus2019.pdf [Accessed 21 Jun. 24]
14 |bid.

15 Scotch Whisky Association (2023). Facts & Figures. [online] Scotch Whisky Association. Available at: https://www.scotch-
whisky.org.uk/insights/facts-figures/ [Accessed 21 Jun. 24]

16 Office for National Statistics (2017). UK Business Counts. [online] NOMIS Official Census and Labour Market Statistics.
Available at: https://www.nomisweb.co.uk/datasets/idbrent [Accessed 21 Jun. 24]

17 Scottish Government (2019). Scottish Crop Map 2019 Results and Key Findings. [online] Gov.scot. Available at:
https://www.gov.scot/publications/scottish-crop-map-2019/pages/6/ [Accessed 21 Jun. 24]
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requirement for malting barley in Scotland is around 900,000 tonnes, of which around 800,000

tonnes is required for Scotch whisky distilling.®

Circular Economy Priorities

In recent years, there has been an increasing focus on delivering the circular economy in the food
and drink sector. In particular, there is a recognition of a need to apply a systems approach to
achieving a circular sector. This focus has been in recognition of multiple drivers, including tackling
challenges of ultra processed foods, and an awareness of households of the need to shift to
reduction from recycling, and a better understanding of the bioeconomy.

The shift to more localised food and drink production has been identified by Zero Waste Scotland as
a rural circular economy opportunity, with opportunities for localised food production, networks and

waste composting.®

Rural Circular Circular Strategy Social Impact Economic Impact
Opportunity Developed

Localised food
production (polycrubs,
vertical farming, and
community growing)

Resource Recovery
Enabling
Technologies
Sharing Economy

Localised food
networks/sharing
models

Resource Recovery
Sharing Economy

Local food / hospitality
/green waste
composting

Resource Recovery
Enabling
Technologies
Sharing Economy

Innovations in food and
drink sector, reduced food
miles, high quality food
provision, resilience in
supply chain, new income
generating activities and job
creation.

Sharing resources to reduce
waste, reduced outgoings,
new business models and
income generating
opportunities.

Income generating
opportunities, adding value
to materials and job
creation.

Farmers, crofters,
community groups,
schools, local authority,
food manufacturers and
hospitality businesses.

Farmers, crofters,
community groups,
schools, local authority,
food manufacturers and
hospitality businesses.

Communities, social
enterprise/business,
private sector, local

authority.

Table 3. Circular opportunities, strategies, and impacts for Food and Drink sector. Source: Zero

Waste Scotland (2024).%°

To realise this, Zero Waste Scotland identify four circularity strategies: resource recovery, enabling
technologies, the sharing economy and product as a service.

18 O’Connor, A. (2018). Brewing and distilling in Scotland - economic facts and figures. Scottish Parliament SPICe Briefing.
[online] Scottish Parliament. Available at: https://bprcdn.parliament.scot/published/2018/10/11/Brewing-and-distilling-in-

Scotland---economic-facts-and-figures/SB%2018-64.pdf [Accessed 21 Jun. 2024].

19 Zero Waste Scotland (2024). Circular Rural Places: The Highlands and Islands, Reflections and Recommendations.

Available on request.
20 |bid.
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Additional trends within the sector include the co-location of facilities to increase efficiency (e.g.,
processing facilities and local outlets) to address issues such as using waste heat. There are also
wider efforts to capitalise on growing the food tourism sector.

These have the potential to drive new business models; add value to waste; reduce fuel poverty;
support transition to net zero; increase community resilience; and create economic value for
communities, social enterprise and businesses, and local authorities.

Current and future risks and impacts

A stakeholder workshop in August 2023 identified over 20 ways that Highland businesses in the food
and drink sector are already being affected by the impacts of climate change, including extreme
weather. These impacts vary across the food and drink sector, with distinct impacts on aquaculture
and agriculture, as well as wider impacts across the sector. Table 4 lists the range of impacts grouped
based on which economic factor of production is predominantly impacted.

Natural Resources

Change in land use due to climate & effect on water quality

Supply of raw materials due to poor harvests

Vulnerable crops, cold, & heat

Limited crop diversity increasing vulnerability

Potential new food production in Scotland due to extreme weather across Europe/globally
Storms impacting supply from islands of farmed salmon

Reduced rainfall effects on sea loch oxygen levels

Impact on rivers, temp increase, result reduced fish numbers

Threat to water supply, which may lead to distilleries needing to halt production

Pests and diseases

Labour

Increased temperature — factories difficult to work in

Operational challenges from storm events, accessing farms, disrupted deployment/harvest
Capital Assets

Refrigeration units working harder (with increased electricity costs and equipment wear)
Shelf life of fresh food without refrigeration becoming challenging

Increased cost of refrigeration on building — sustained hot weather in summer

Extreme weather disrupting transportation of goods — cost to business if goods are spoiled
Cafés needing fans & keeping door open for staff to cope during hot weather

Heat can make it difficult to deal with raw materials

Extreme cold events — disruption of distribution systems

Storm damage to crops and infrastructure (e.g., polytunnels)

Worldwide extreme weather events impacting supply & cost on complex supply chains

Table 4. Current climate change risks and impacts on the food and drink sector in Highland. Source:
Authors, based on August 2023 stakeholder workshop.
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Table 5 identifies a range of future risks and opportunities to the food & drink sector from the
forthcoming Highland Climate Risk and Opportunity Assessment. These are categorized differently
from above because they cover the broader economic sectors in line with the UKCCRA3 approach,
recognising that the most significant climate change risks and opportunities in this sector are likely to
have inter-sectoral consequences. From this list, we narrow the focus to explore two risks relating to
the salmon and whisky sub-sectors that have high economic significance.

Risk / Opportunity

Health Risks to food safety and security from higher temperatures and extreme
weather
Agriculture and Forestry Risks to agriculture from pests and disease

Risks to agriculture from extreme weather events
Risks to agriculture and aquifers from saltwater intrusion
Risks to agriculture from changing water regime
Risks and opportunities for agriculture and forestry from changes in
land suitability and productivity Species availability and resilience
- Algae blooms/green tides
- Introductions of invasive species — at some point they become
native and cultivatable.
- ‘local supply’
Business and Industry Risks to business sites from extreme weather and flooding
Risks to business sites from coastal change, including coastal flooding,
erosion, and sea level rise
Risks to business production processes from water scarcity
Risks to business from reduced employee productivity due to
infrastructure disruption and higher temperatures in working
environments
Risks to business from disruption to supply chains and distribution
networks — higher food prices
Opportunities for products and services to support adaptation to
climate change
Opportunities for changes to demand for goods and services from long-
term climate change, including increased tourism revenue
Risks to business access to finance, investment, and insurance, including
access to capital from extreme weather
National and International Risks to food availability, safety, and quality from decreasing yields from
Dynamics rising temperatures, water scarcity, and ocean changes globally
Opportunities for food availability and exports from increased
productivity and areas suitable for agriculture

Table 5. Theme categories from Highland Climate Risk and Opportunity Assessment as they apply
to the food and drink sector. Source: Highland Adapts (forthcoming).%

21 Forthcoming Highland Climate Risk and Opportunity Assessment Technical Report. Expected 2024.
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FD1: Risks to salmon production from rising sea temperature and acidification

Current risks

Sea-Surface Temperatures (SSTs) have shown average regional increases of 0.17°C to 0.45°C per
decade since 1984 in the waters around the UK.?? Sea lice and gill disease are already serious
problems in the management of fish health and may be expected to get worse in the short- and
moderate-terms (2020s to 2050s).%

During the August stakeholder workshop, participants highlighted that rising water temperatures and
marine heatwaves around the coasts have contributed to decisions to shift salmon cages offshore. It
has also led to efforts to breed Salmon that spend a single season at sea rather than the traditional
two.

Whilst salmon farm infrastructure has historically been serviced locally, the move towards offshore
salmon cages has opened up servicing opportunities to the same foreign companies that service oil
and gas installations and offshore wind. This move to increasingly offshore production also creates
greater potential for supply chain disruption. For example, storms may disrupt supplies of farmed
salmon from more distant locations.

Participants also noted there have also been impacts on rivers and sea lochs, with reduced rainfall
affecting sea loch oxygen levels, whilst temperature increases in rivers have also reduced salmon
numbers that are subsequently found in the sea. Participants said this phenomenon results from the
fact that the early stages of the life cycle of wild salmon occur in freshwater rivers, travelling to the
sea only when they are longer than 10 centimetres.

Future risks

Climate change affects many different aspects of the aquaculture sector, including species growth
and metabolism, fish health through diseases and parasites, increased instances of invasive species,
algal and jellyfish blooms, direct damage to facilities, changes in environmental carrying capacity,
food safety, and zoonosis. These impacts are caused by many direct and indirect climate drivers
such as temperature, salinity, ocean acidification (OA), and wind, which work together to have an
impact on the viability and future of aquaculture.?* Increased problems associated with some
diseases and parasites, most notably sea lice and gill disease, are likely to increase in the short term
and worsen in the long term. Harmful Algal Blooms (HABs) and jellyfish swarms/invasions may also
worsen, although complicated ecological interactions make responses unpredictable.?

Falconer et al. (2022) identified 45 climate change impacts on the aquaculture industry, almost all of
which were linked to multiple climate stressors, and many adaptive approaches have been
identified for a range of impacts.?® The increasing prevalence of algal blooms during the summer

22 Hughes et al. (2017). Temperature. MCCIP Science Review 2017. [online] Marine Climate Change Impacts

Partnership. DOI: https://doi.org/10.14465/2017.arc10.003-tem

23 Falconer et al. (2022). Insight into real-world complexities is required to enable effective response from the aquaculture
sector to climate change. PLOS Climate. DOI: https://doi.org/10.1371/journal.pclm.0000017

24 Murray et al. (2022). Climate change impacts on marine aquaculture relevant to the UK and Ireland. MCCIP Science
Review 2022. [online] Marine Climate Change Impacts Partnership. DOI: http://dx.doi.org/10.14465/2022.reu01.aqu

25 Collins et al. (2020). Impacts of climate change on aquaculture. MCCIP Science Review 2020. [online] Marine Climate
Change Impacts Partnership. DOI: http://dx.doi.org/10.14465/2020.arc21.aqu

26 Falconer et al. (2022). Insight into real-world complexities is required to enable effective response from the aquaculture
sector to climate change. PLOS Climate. DOI: https://doi.org/10.1371/journal.pclm.0000017
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season highlights that increased sea surface temperature, light intensity and duration, and
favourable wind conditions can promote HAB growth.?” The toxic features of algal blooms have been
found to adversely affect the health and mortality of farmed salmon populations.?

Sea-Surface Temperatures (SSTs) are expected to rise by an average of 2.9°C in UK coastal waters by
the end of the century.?® This means that in the longer term, conditions are likely to become even
more suitable for Sea lice and gill disease, which is a parasitical threat to salmon since it damages gill
capacity and so limits respiratory capacities of the salmon, potentially leading to death. Warming
conditions that lead to a rise in outbreaks in sea lice and consequent fish diseases is therefore
projected to lead to increased mortality.>°

To date, no quantitative estimates of the likely changes in salmon stocks and production resulting
from climate change have been made in the available literature. However, to get a first impression of
the possible scale of climate change risks in economic terms we use “what-if” scenarios. ‘What-if’
scenarios are future projections constructed using plausible assumptions, and ideally based on
existing evidence. In this instance, a baseline was first constructed by identifying the current value-
added — as a proxy for profit - of salmon in Scotland. This was determined to be £600 million, of
which 55% is apportioned to Highland based on numbers employed.3! We then focus on a single
climate risk out of the large number identified in the paragraphs above. In this case, we looked at sea
lice, a pest whose presence have a negative effect on fish health and results in increased mortality
rates.

It is currently estimated that salmon mortality resulting from lice is between 3% and 7% of the stock
per year.3? We therefore assume that this translates to an equivalent loss in value-added/profitability.
This gives a range of current loss from lice of £18m - £42m.

We use an historical analogue that suggests that mortality impacts resulting from lice could increase
by between 10% and 30% in the next 10-30 years. Under these assumptions, loss of value-added
from this climate change risk would be £1.8m - £12.6m per annum over this period (2030s - 2050s).
This loss range is equivalent to 0.3% to 2.1% of current total profit from the industry.

It should be emphasised not only that this is speculative and therefore highly uncertain, but also that
the presence of lice as a pest is just one of the risks likely to impact on salmon farming because of
climate change to the 2050s and beyond. It seems likely, therefore, to assume these estimates are a
lower bound on the total costs of climate change to the salmon industry in the region.

27 Wells et al. (2020). Future HAB science: Directions and challenges in a changing climate. [Online] Harmful Algae Volume
91. DOLI: https://doi.org/10.1016/j.hal.2019.101632

28 Montes et al. (2018). Quantifying harmful algal bloom thresholds for farmed salmon in southern Chile. [online] Harmful
Algae Volume 77. DOI: https://doi.org/10.1016/j.hal.2018.05.004

29 Hughes et al. (2017). Temperature. MCCIP Science Review 2017. [online] Marine Climate Change Impacts

Partnership. DOI: https://doi.org/10.14465/2017.arc10.003-tem

30 Murray et al. (2022). Climate change impacts on marine aquaculture relevant to the UK and Ireland. MCCIP Science
Review 2022. [online] Marine Climate Change Impacts Partnership. DOI: http://dx.doi.org/10.14465/2022.reu01.aqu

31 Scotland Food and Drink Partnership (2023). Sustaining Scotland. Supplying the world. A strategy for Scotland’s food and
drink industry. [online] Scotland Food and Drink. Available at: https://foodanddrink.scot/media/clgbvoih/sfd-partnership-
industry-strategy-doc-low-res-pdf-final-170723.pdf [Accessed 20 Jun. 24]

32Q0liveira et al. (2021). Factors associated with baseline mortality in Norwegian Atlantic salmon farming. [online] Scientific
Reports. DOI: https://doi.org/10.1038/s41598-021-93874-6
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FD2: Risks to whisky production from extreme events and climate conditions
Current and Future Risks

The range of climatic changes will have multiple impacts on the whisky industry. Drought frequency,
intensity, and duration in Scotland is expected to increase throughout the 21st century leading to a
reduced and intermittent water supply in some areas, reducing water availability for production or
cooling. Droughts can influence the quality and availability of the malt barley supplied to Scotland's
distilling and brewing industries, and future costs of raw materials are likely to rise as a result.
Droughts can also affect fermentation, cooling, and overall whisky quality by reducing water source
flow and raising water temperatures.®® Variations in harvest quality and quantity as well as year-to-
year yields will arise from an increase in the frequency and severity of drought and heat stress.3*
Warmer air and water temperatures will lead to inefficient cooling in traditional distilleries and
create challenges for conserving the character, consistency, and quality of Scotch Whisky. An increase
in the frequency and magnitude of flooding and extreme weather events, in addition to rising sea
levels and coastal erosion will create additional pressures on the facilities and logistics of Scotch
Whisky production.®®

The study made a first attempt at quantification of one climate risk and its effect in economic terms
on the whisky industry. The most significant climate impact to whisky production is likely to be water
scarcity that would negatively affect barley yield and production processes.3®

The economic baseline is the current value-added of the industry, which was £5.5 billion in 2022.3” To
guantify the potential effect on this baseline we utilised the 2018 drought as an historical analogue
for future droughts. This event brought about an increase in the region of £50 per tonne in malt
barley costs which amounted to increased costs of £40 million to the distilling sector.3® This
amounted to 0.9% of the total value of whisky exports in 2018 of £4.7 billion.3%° The consequence
of the 2018 drought was a 23% loss of value-added that stemmed from an increase in the cost of
malt. This loss equates to £1.3 billion.

Under a climate baseline of 1971-2000, the 2018 drought has a frequency of occurring of 1 in 40
years on average, i.e., a 2.5% annual probability. As a result, the annual expected loss from this
drought event is £32 million. A central climate projection suggests that by the 2050s these types of
drought events will double in frequency — to become 1 in 20-year events. Consequently, the annual

33 Ecosulis (2019). The Economic Impact of Extreme Weather on Scottish Agriculture. [online] World Wildlife Fund. Available
at: https://www.wwf.org.uk/sites/default/files/2021-
04/Impact%200f%20extreme%20weather%200n%20Scottish%20Farmers%202018%20FINAL.pdf [Accessed 21 Jun. 24]

34 Roberts, C. and Maslin, M. (2021). How might climate change impact Scotch Whisky production in the next 50-100 years?
[online] Glengoyne. Available at: https://www.glengoyne.com/our-way/climate-change-impact-report [Accessed 21 Jun. 24]
35 |bid.

36 Hong Y. and Zhang, G.P. (2020). The influence of drought stress on malt quality traits of the wild and cultivated barleys.
[online] Journal of Integrative Agriculture Volume 19. DOI: https://doi.org/10.1016/52095-3119(19)62794-2

37 Scotch Whisky Association (2023). Facts & Figures. [online] Scotch Whisky Association. Available at: https://www.scotch-
whisky.org.uk/insights/facts-figures/ [Accessed 21 Jun. 24]

38 Roberts, C. and Maslin, M. (2021). How might climate change impact Scotch Whisky production in the next 50-100 years?
[online] Glengoyne. Available at: https://www.glengoyne.com/our-way/climate-change-impact-report [Accessed 21 Jun. 24]
39 O’Connor, A. (2018). Brewing and distilling in Scotland - economic facts and figures. Scottish Parliament SPICe Briefing.
[online] Scottish Parliament. Available at: https://bprcdn.parliament.scot/published/2018/10/11/Brewing-and-distilling-in-
Scotland---economic-facts-and-figures/SB%2018-64.pdf [Accessed 21 Jun. 2024].

40 Ecosulis (2019). The Economic Impact of Extreme Weather on Scottish Agriculture. [online] World Wildlife Fund. Available
at: https://www.wwf.org.uk/sites/default/files/2021-
04/Impact%200f%20extreme%20weather%200n%20Scottish%20Farmers%202018%20FINAL.pdf [Accessed 21 Jun. 24]
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expected loss increases to £64 million — the climate-attributable component of this cost being £32
million per annum. Figure 1 interpolates these findings across the four decades to the 2050s.
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Figure 1. Gross Costs of Droughts to Scottish Whisky to 2050s. Source: Authors.
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Risk Magnitude Scores

Based on this analysis, the study has constructed a summary cost table. The impact ratings
incorporate both the findings of our economic assessment as well as an additional allowance to
represent the risks that remain qualitative at present but which we judge to be significant in the
future.

Time Period
Risk or Opportunity Current 2030s 2050s 2080s

FD1: Risk I ion f isi
isks to sa mor‘m |c‘>r‘odu.ct|on romrising sea © g Medium High High
temperature and acidification
FD2: Risks to whisky production from extreme . . . ;
-High -High -Very High | -Very High
events and climate conditions

Impact Benefit

-Very High >£25 million/year +Very High >£25 million/year
£5 - 25 million/year +High £5 - 25 million/year

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

Table 6. Summary results for two main risks. Source: Authors. Note: all data shown as annualised
costs except those marked with a * where estimated from one-off costs.

From the two risks valued in detail, there is the potential for the costs of impacts to represent the
low tens of millions a year, rising to the mid tens of millions by the 2050s. However, as noted, these
are expected to be an underestimate both in the risks in themselves, but also because of the wider
set of risks to the food and drink sector which were not valued in this report.

Existing adaptation and opportunities for action

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

Indicative discussions with stakeholder workshop participants identified two key adaptation actions
underway for salmon fishing. The first was the use of new technologies to move salmon farming
offshore and into deeper waters to reduce the impacts of warmer waters, and to manage the
associated increased size of waves. The second were efforts to reduce the number of seasons for
which salmon are at sea from two to one.

The number of direct adaptation options presented in the literature are limited. Falconer et al.
(2022) (a Norwegian-based case study) identified a total of 101 adaptation responses for the
aquaculture sector: 32 biological responses, 13 environmental responses, 17 policy responses, and
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39 technical responses.** An illustrative sample of adaptation options is shown below. The selection
of adaptation actions presented here represent a fraction of the actions available to the sub-sector
but serve to demonstrate that climate change risks can be managed using existing methods. The lead
responsibility indicated is suggestive only and it is likely that a range of stakeholders will be involved
both in the decision-making process and the resourcing of the action. The resource cost indicated is
qualitative and indicative only.

Adaptation Action Lead Responsibility

Short-term Adaptation (0-2 years)

Adjust feeding to encourage salmon to swim deeper Industry Minor
Grow larger smolts to reduce time at sea Industry Moderate
Develop action plans to respond to fish health hazards = Industry Minor
Review and update marine spatial plans regularly Government; Industry Minor
Use lice skirts Industry Minor
Medium-term Adaptation (2-5 years)

Investigate potential to exercise smolt to improve Industry Moderate
overall tolerance of conditions

Develop improved management of treatment Industry Major
procedures

Use of snorkel sea cage technology Industry Moderate
Long-term Adaptation (5+ years)

Development of vaccines for salmon Research Major
Use of epigenetics to improve salmon robustness Research Major
Water supply storage facilities Government; Industry Major

Table 7. Adaptation responses for salmon production. Source: Falconer et al. (2022).%?

Complementary to the specific adaptation actions presented above, government and other agencies
will likely have a role in co-ordinating the development of actions at a more strategic level. Highlands
and Islands Enterprise (HIE) and Skills Development Scotland commissioned research on aquaculture
skills needs*® and industry is now preparing a skills action plan. Workshops participants noted that
HIE and Scottish Aquaculture Innovation Centre (SAIC) continue to work closely to stimulate and
support near market innovation in indigenous supply chain businesses. They also said that Scottish
Government and partner agencies are arranging a supply chain summit.

Given the limited information on direct risks to the sector in Highland, an early step for prioritising
further actions would be to conduct a more detailed climate risk assessment for the aquaculture
sector and convene the sector to build their knowledge and capacity to adapt.

41 Falconer et al. (2022). Insight into real-world complexities is required to enable effective response from the aquaculture
sector to climate change. PLOS Climate. DOI: https://doi.org/10.1371/journal.pclm.0000017

42 1bid.

43 Highlands and Islands Enterprise (2018). Skills review for the aquaculture sector in Scotland. [online] Highlands and
Islands Enterprise. Available at:
https://www.hie.co.uk/media/3010/skillsplusreviewplusforplustheplusaquacultureplussectorplus-plusreport.pdf [Accessed
8 Jul. 24]
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Potential action Action type

Conduct more detailed climate risk assessment for Highland Council, Highland Early action
aquaculture to better quantify the risks of the sector Adapts, Marine Scotland, SEPA,
and understand existing adaptation. Salmon Scotland, Seafood
Scotland
Convene the aquaculture sector to build their capacity Highland Adapts, Marine No/low
to assess climate risks and develop adaptation projects  Scotland, NatureScot, Seafood regret

Scotland, Salmon Scotland

Table 8. Adaptive Capacity Actions: Aquaculture. Source: Authors.

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

Workshop participants identified early adaptation processes underway in Highland, including
distilleries adapting processes to use less water. In 2023, the Scotch Whisky Association launched a
Water Stewardship Framework. The framework focuses on three objectives of responsible
consumption, engagement and collaboration, and advocacy for improved policy and regulation.**
This approach includes a range of actions, including targets for average water use and collaboration
with SEPA to identify at-risk catchments and develop site-operational plans to manage impacts, as
well as facilitating catchment scale action to adapt to future climate risks. It also includes
identification and management of water risk hotspots in the supply chain.*

The framework does not include the need to consider water availability holistically, based on the
collective demands from all businesses as well as natural environment requirements. There is also no
mention of the impacts of water on barley production. The Scottish Government’s Farming for a
Better Climate programme supports farmers to build climate resilience.*® We would therefore
advocate expansion of the scope of expected impacts, as well as further exploring the impacts of
climate change on barley suppliers in Highland.

44 Scotch Whisky Association (2023). Scotch Whisky Water Stewardship Framework. [online] Scotch Whisky Association.
Available at: https://www.scotch-whisky.org.uk/media/2118/water-stewardship-framework-july-2023.pdf [Accessed 21 Jun.
24]

43 |bid.

46 SRDP Farm Advisory Service (2023). Farming for a Better Climate. [online] FAS. Available from:
https://www.fas.scot/farming-for-a-better-climate [Accessed 21 Jun. 24]
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Potential Action Action type

Continue to deliver the Scotch Whisky Association water Highland Council, HIE, Early action
stewardship framework. Highland Adapts, Scotch

Whisky Association, SEPA
Extend the actions in the framework to consider a more Highland Council, HIE, Early action
detailed study on future water availability under climate Highland Adapts, Scotch
change across Highland. Consider all sources of future Whisky Association, SEPA,

demand (agriculture, energy, wider businesses and brewers NFU Scotland
and distillers, etc.) to better quantify the risks based on a
place-based approach.
Assess the supply chain risk of barley based on wider climate = Highland Council, HIE, Early action
change impacts in Scotland. Highland Adapts, Scotch
Whisky Association, SEPA,
NFU Scotland.
Convene whisky producers to better their capacity to assess | Highland Adapts, HIE, Scotch = No/low regret
climate risks and develop adaptation projects Whisky Association

Table 9. Adaptive Capacity Actions: Whisky Sector. Source: Authors.

Table 10 identifies a small sample of specific adaptation actions that might be introduced to respond
to the threat that dry summers present to barley production as an input to whisky production.

Adaptation Action Lead Responsibility

Short-term Adaptation (0-2 years)

Investigate international barley suppliers Industry Moderate
Medium-term Adaptation (2-5 years)

Explore barley irrigation options Industry Major
Long-term Adaptation (5+ years)

Develop water-resilient barley strains Research Major

Table 10. Adaptation actions for Whisky Production. Source: Authors.
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Circular Economy

The transition to a circular economy in the food and drink sector may have several implications on
climate risk management. The study identified several circularity priorities for the food and drink
sector, all of which are being taken forward in Highland or in Scotland. Depending on how these are
implemented, these strategies have the potential to support or work against the management of
climate risk in Highland. These are illustrated in Table 11.

Circularity Priority Adaptation Synergies Adaptation Trade-offs

Localised food production - Increased temperatures leading to - Increased vulnerability of food
(polycrubs, vertical farming) more productive/favourable growing sector to local weather events
conditions - Increased needs for cold and
= - Reduction in exposure to volatility hot chain due to
Localised food networks . . . .
from international supply chains for restructured/impacted supply
some commodities chains

Local food / hospitality /green
waste composting

- Increased needs for cold and Hot
Chain due to restructured/impacted
supply chains

Co-locating for waste heat - Possible reductions in urban heat - Possible increase in local

island effects from reduced waste heat /urban heat island from co-
location

Co-location of food processing - Potential increase in cost-effectiveness - Potential increased

facilities and local outlets of adaptation measures for sites and concentration of assets exposed
facilities to climate risks (e.g., flooding)

Capitalising on growing food - Scottish climate projected to become - Potential volatility of tourism

tourism sector (embracing local) = more attractive for tourism generally activities due to more frequent

and severe extreme weather

Table 11. Synergies and trade-offs of circularity strategies with adaptation in the food and drink
sector. Source: Authors, based on Zero Waste Scotland (2024).%

As can be seen in the table, such shifts could make the management of future climate risks in the
sector more challenging or to enhance the ability of the Highland region to adapt, depending on how
they are implemented. Therefore, it is recommended that adaptation is included as part of the
introduction of circular practices into the food and drink sector. Similarly, as adaptation options are
identified, evaluated, and implemented, their potential co-benefits for the shift to a circular economy
should be considered.

47 Zero Waste Scotland (2024). Circular Rural Places: The Highlands and Islands, Reflections and Recommendations.
Available on request.
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Conclusion

Our discussion of the food and drink sector and the climate change risks affecting it in the Highland
region has qualitatively described a range of risks that are identified as being - or likely to be -
significant. To illustrate the possible scale of costs and benefits associated with them, we undertook
economic modelling on two climate risks: rising sea temperatures that encourages sea lice as a pest
hazard to the farmed salmon population, and increased risk of summer drought that reduces barley
production and consequently impacts adversely on whisky profitability.

Whilst not considered, the issue of land use cuts across all three sectors in this study and will
influence adaptation choices. There are potential synergies and trade-offs with the net zero
transition as the expansion of renewable energy projects and forestry happen alongside local food
production. Understanding this potential tension and the associated implications of this was beyond
the resources of this study but will be important when considering the implementation of adaptation
options and sector development.

Finally, the shift to a circular economy has the potential to enhance or reduce climate risks,
depending on how the priorities are acted upon, and should be considered as part of efforts to plan
climate-resilient development pathways.
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Appendix 1. Key Terms

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

Blue economy
Algal and jellyfish
blooms

Aquaculture

Bioeconomy

Extreme weather event

Fuel poverty

Gross value added
(GVA)

Historical analogue

Invasive species

Marine heatwaves
Ocean acidification

Third UK Climate
Change Risk Assessment
(UKCCRA3)

Economic activities related to oceans, seas, and coasts.

A substantial increase in algal and jellyfish populations, as a result of behavioural
or ecological change

The breeding, rearing, and harvesting of fish, shellfish, algae, and other organisms
in all types of water environments.

Knowledge-based production and the use of biological resources, processes, and
methods to provide goods and services in a sustainable manner in all economic
sectors

A weather event that is rare at a particular place and time of year

The condition by which a household is unable to afford to heat (or cool) their
home to an adequate temperature.

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.

A similar weather event (and associated consequences) to one which has
occurred in the past.

An introduced species to an environment that becomes overpopulated and
harms its new environment.

A period of unusually high ocean temperatures
A reduction in the pH of the ocean caused by uptake of carbon dioxide (CO)
from the atmosphere

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.
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Economic Analysis Sector Report

Appendix 2. August 2023 Stakeholder Workshop
Attendees

Aquascot

Cairngorm Brewery Company Ltd
Cairngorms Chamber of Commerce
Highland Community Waste Partnership
Highland Council

Highland Good Food Partnership
Highlands and Islands Enterprise
National Farmers' Union Scotland

Scottish Seaweed Industry Association
SRUC

Zero Waste Scotland

26







Highland
Adapts

Disclaimer

This report was commissioned by Highland Adapts and produced by Paul Watkiss Associates. The
views contained in this assessment do not necessarily represent the views of Highland Adapts’
individual partner organisations. Paul Watkiss Associates and Highland Adapts take no responsibility
for losses incurred as a result of the information in this report.

Highland Adapts

X4 hello@highlandadapts.scot

www.highlandadapts.scot

@highland_adapts

Version 26-8-24



