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CHAIR’S FOREWORD
The Board of Climate Ready Clyde is delighted to present its Climate Change 
Risk and Opportunity Assessment for the Glasgow City Region.

This comprehensive assessment places the city region 
as the first in the UK to systematically assess and 
disclose its climate risks and opportunities, and to 
offer an estimate of the economic implications.

While it’s a sobering picture, there are many reasons 
for optimism. Much action is already underway, 
and the city region has a strong commitment from 
stakeholders to ensure its economy and people 
continue to flourish in the face of a changing climate.

Completing the assessment offers us a unique 
opportunity. Adapting the region to climate 
change requires us to do things differently, and to 
make decisions that take a long view and involve 
complexity. We now have a starting point for 
conversations about how we address our future 
challenges. This will be the focus over the next year 
and a half as we move on to prepare the city region’s 
Adaptation Strategy and Action Plan.

But it’s not just Glasgow City Region partners who 
benefit from this assessment. Our city region joins 
many other municipalities and authorities around 
the world setting out their climate challenges 
and, collectively, this process is already beginning 
to effect systemic change. For example, the Task 
Force on Climate Related Financial Dislosures now 
recommends companies assess and manage physical 
climate risks to reassure shareholders and investors, 
and in turn this benefits every one of us.

This assessment, of course, also serves to reinforce 
the case for deep and rapid emissions cuts – since 
meeting the commitment of the Paris Agreement 
is the best way to ensure that many of the impacts 
outlined here are not experienced, or that their effects 
are at least less severe.

Glasgow City Region has always benefited from its 
innovation and resourcefulness, and in doing so has 
led the way on some of the world’s most challenging 
issues – from rapid industrialisation, through to post-
industrial decline and associated social and health 
inequalities. And because of this I have no doubt of 
our ability to ensure that the city region prospers in 
the face of global climate change. There are already 
a good number of positive examples where action is 
underway, but we must scale up and accelerate this 
work.

There is a great opportunity to be seized. Adapting 
to a changing climate will help protect existing jobs, 
enhance economic prosperity, deliver improved 
wellbeing, and ensure that Glasgow City Region 
remains a great place to live and work for generations 
to come.

James Curran 
Chair, Climate Ready Clyde
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Products from this assessment

In producing this Risk and Opportunity assessment 
Climate Ready Clyde has developed a suite of 
resources, including:

• Summary tables of risks and opportunities – 
setting out the range of risks and opportunities by 
urgency score, hazard and type.

• Thematic briefings – on Infrastructure, Built 
Environment, Society and Health, Economy, 
Business and Industry Natural Environment and 
International risks and Cross Cutting and Adaptive 
Capacity issues.

• Economic Implications of Climate Change 
Study – an assessment of the economic 
implications of the climate risks and opportunities.

• Adaptation Economy of Glasgow City Region – 
a report on the potential for Glasgow City Region 
and wider Scotland to develop and sell goods and 
services in support of adaptation.

• Methods, supporting data and maps –  
a description of the process for the risk 
assessment, and a range of downloadable data 
from each of the thematic briefings for Glasgow 
City Region.

This information is available on the Climate  
Ready Clyde’s Risk and Opportunity website:  
www.climatereadyclyde.org.uk/riskassessment 

ABOUT CLIMATE READY CLYDE 
Climate Ready Clyde is a three-year initiative to develop an Adaptation Strategy 
and Action Plan for the Glasgow City Region. It is funded by thirteen partners, in 
recognition that a strategic, collaborative approach to adaptation is essential for 
the economic, social and environmental success of the city region.

© NORTH LANARKSHIRE COUNCIL

http://www.climatereadyclyde.org.uk/riskassessment
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The context

Glasgow City Region is home to one third of 
Scotland’s population and comprises £40bn of gross 
value added (GVA) – a third of Scotland’s economic 
activity. It comprises eight local authorities who work 
collaboratively with a wide range of partners to allow 
the city region to flourish and prosper.

The city region’s infrastructure and built environment, 
economy, communities and environment will all be 
affected to a greater or lesser degree by climate 
change. Impacts include more extreme weather, 
changes in temperature and precipitation, wildfires 
and flooding – from surface water, rivers and the sea, 
coastal erosion, landslides, spread of diseases, water 
scarcity. The separate methods document sets out 
the full range of hazards included in scope, based on 
the C40 Cities Climate Hazard Taxonomy (Climate 
Ready Clyde, 2019).

To adapt effectively and efficiently to the impacts 
of climate change, Glasgow City Region needs 
a strategic approach that sets out which risks to 
address, and identifies how and when this needs to 
happen.

Purpose of the assessment

This assessment identifies and prioritises the risks and 
opportunities from climate change to Glasgow City 
Region’s economy, society and environment between 
now and the 2080s. The priority areas identified will 
inform the development of an Adaptation Strategy 
and Action Plan for Glasgow City Region, identifying 
key action areas and activities to be undertaken from 
2020 – 2025. To develop this Adaptation Strategy 
and Action Plan, partners across the city region will 
have access to the evidence base contained in this 
Assessment to identify where to place efforts to 
ensure timely, proportionate actions. 

The benefits of developing this local-level risk and 
opportunity assessment include:

• Generating consensus for action on the key 
climate change risks and opportunities.  
The assessment will ensure decision makers and 
the public recognise the specific challenges arising 
from the interaction of local climate impacts and 
the socio-economic characteristics of the city 
region. 

• Identifying how climate change will be 
experienced locally as the risks and opportunities 
play out differently compared to other parts of 
Scotland and the UK due to local factors. Glasgow 
City Region is considerably colder and wetter than 
other parts of the UK, with particularly high levels 
of social inequality. The risks and opportunities 
may also be modified by demographics, 
topography, infrastructure, the built environment, 
land use patterns, and natural heritage. A local 
assessment helps account for these variations.

This assessment is aimed at: 

• Managers, senior policy officers and decision 
makers to increase understanding of how climate 
change will be experienced within the city region, 
and to provide resources for specific risks and 
sectors. This information will provide a foundation 
for considering how climate change will impact 
their organisations, and what action can be taken 
internally and in partnership across the city region. 

• Adaptation practitioners and consultants 
– providing a holistic overview of how climate 
impacts will be experienced across different 
sectors in the city region, providing understanding 
of what activity is already underway, and where 
adaptation deficits still exist. This will help them 
frame their own adaptation priorities and actions 
for their organisations. 

INTRODUCTION AND APPROACH
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How we have assessed the risks  
and opportunities

Overarching process

This document is part of a broader process over the 
next five years to assess and respond to the climate 
risks and opportunities facing the Glasgow City 
Region to the 2080s. This process has four phases:

Going forward, Climate Ready Clyde plan that adaptation 
will become an ongoing five-yearly cycle, with the next 
climate risk and opportunity assessment starting in 2025.

A bespoke framework

This is the first assessment of climate change risks 
and opportunities for Glasgow City Region. The 
Climate Ready Clyde Secretariat has developed a 
bespoke methodology for the assessment:

• Step 1: Screen the UK Climate Change Risk 
Assessment (UKCCRA) Summary for Scotland 
– The Climate Ready Clyde Secretariat filtered the 
UKCCRA Summary for Scotland to identify a core set 
of risks and opportunities relevant to the city region. 

• Step 2: Desk-based evidence review  
– The Secretariat conducted a desk-based 
evidence review to identify relevant evidence 
to analyse the implications of these risks and 
opportunities for Glasgow City Region. The 
process also identified additional risks and 
opportunities beyond those included in the 
UKCCRA where suggested by local evidence. In 
some cases, the high-level nature of the risks in 
the UKCCRA summary for Scotland meant risks 
and opportunities were broken down into more 
detailed risks. 

• Step 3: Develop thematic risk and opportunity 
registers – The various risks and opportunities 
were reassembled into bespoke groups of risks and 
opportunities, grouped by themes.

• Step 4: Validate with stakeholders and 
develop impact chains – The Secretariat held 
a stakeholder workshop to confirm the risks 
and opportunities in scope, gather evidence of 
adaptation actions underway, and gain some 
early insights into priority areas.

• Step 5: Initial consultation – The thematic 
chapters were updated to include identified 
adaptation actions in place, or those that were 
planned through to 2025. The draft chapters were 
then shared amongst relevant stakeholders for 
review.

• Step 6: Assign urgency scores to risks and 
opportunities – The Secretariat allocated 
provisional categories to each risk using the 
scoring method outlined below. A final workshop 
was held in September 2018 to validate scoring 
prior to completion of the report.

A fuller description of the method is set out 
the Climate Ready Clyde Risk and Opportunity 
Assessment methodology document  
(Climate Ready Clyde, 2019).

Assess  
Risks and  

Opportunities

Apr 17–Oct 18

1

Develop  
Strategy and 
Action Plan

Sep 18–Mar 20

2

Monitor, 
review and  
evaluate

4

Delivery

April 2020 
onwards

3

Figure 1. Climate Ready Clyde’s Adaptation Process

Figure 2: High level method for Glasgow City Region Climate Risk and Opportunity Assessment
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Risk and Opportunity Scoring 

The final set of risks were scored using a modified 
version of the Committee on Climate Change’s 
urgency scoring framework. This framework classifies 
risks and opportunities into one of four categories:

• More action needed – New, stronger or different 
policies or tangible implementation activities 
– over and above those already planned – are 
needed in the next five years to reduce long-term 
vulnerability to climate change.

• Build understanding and capacity – More work 
is needed in the next five years to develop the 
city region’s response to this risk or opportunity, 
including allocating resources, filling significant 
evidence gaps or reducing the uncertainty in the 
current level of understanding to assess the need 
for additional action.

• Sustain current action – Current or planned 
levels of activity are appropriate, but continued 
implementation of these policies or plans is 
needed to ensure that the risk continues to be 
managed in the future. This includes any existing 
plans to increase or change the current level of 
activity. 

• Watching brief – The evidence in these areas 
should be kept under review, with long-term 
monitoring of risk levels and adaptation activity so 
that further action can be taken if necessary.

The framework is based on understanding the 
magnitude of the risk or opportunity, the 
adaptation shortfall (accounting for existing 
policies and plans, and planned adaptation), 
and whether there are further benefits to action 
over the next five years. Alongside, a breakdown 
of the policies, plans and actions identified in place 
or planned through to 2025 to inform the urgency 
scoring process have also been published online.
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The climate risks and opportunities are split across six 
themes: 

• Infrastructure.
• Built environment.
• Society and health.
• Natural environment.
• Economy business and industry. 
• International, cross cutting and adaptive capacity. 

All themes have a significant number of climate 
change risks associated with them. The largest 
number relate to the Natural Environment, followed 
by Infrastructure, and International, Cross Cutting and 
Adaptive Capacity issues. There were also a limited 
number of opportunities across all themes, suggesting 
that climate change will not be completely negative 
for Glasgow City Region, although the number of risks 
significantly outweighs the opportunities.

Whilst Figure 3 represents the concentrations of 
risks, these numbers are also in part due to the 
varying size and scale of the themes themselves.  
The Natural Environment theme encompasses a very 
broad set of issues, including agriculture, forestry, 
and marine and terrestrial biodiversity, compared 

to a more narrow scope of the Built Environment 
theme. Similarly, the international, cross cutting 
and adaptive capacity issues cover a wide range 
of international and domestic issues associated 
with food, trade and migration, as well as funding, 
leadership and social justice. 

Although the above reflects the concentration of risks 
and opportunities, it does not provide an indication 
of the magnitude of the risk, or the extent to which 
they are currently being prepared for or for which 
adaptation is expected.

32 of the 67 risks have been classified as either ‘more 
action needed’ or ‘build understanding and capacity’ 
– meaning that further action is needed to ensure 
the city region manages the risks to the end of the 
century. In many cases, building understanding and 
capacity was the overwhelming need in the next 
five years, with a more limited set of risks needing 
more immediate action. The exception to this was 
in relation to Economy, Business and Industry, where 
the assessment identified that existing and potential 
future disruption merited further action which will 
drive benefits now (e.g. on supply chains), or avoiding 
lock in of future risk to new sites for investment.

SUMMARY OF FINDINGS
The report has identified 67 risks and opportunities that are of strategic importance 
for Glasgow City Region.

Figure 3. Climate change risks and opportunities for Glasgow City Region by urgency score
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Urgency scoring was not undertaken for the 
international risks and adaptive/cross cutting issues. 
This was partly due to a lack of evidence on the local 
impacts of national, UK and international risks and 
opportunities, but also the challenge in robustly 

assessing the impact of cross cutting / adaptive 
capacity issues on different themes. Instead these 
have been identified as a key knowledge gap for future 
assessments, and recommendations were developed to 
help manage them in the next five years.

Figure 4. Spread of climate change risks and opportunities by urgency score and theme
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Overview

A resilient, efficient and well-maintained system of 
interconnected infrastructure networks is key to the 
functioning and economic development of Glasgow 
City Region. A number of plans and strategies 
support the case for greater investment both for, and 
through the city region’s infrastructure (Box 1) The 
activities associated with each of these will need to 
be reviewed with current and future climate risks and 
opportunities in mind.

Box 1. Glasgow City Region plans and 
strategies that relate to infrastructure

• Glasgow City Region Economic Strategy and 
Action Plan

• City Deal Infrastructure Fund
• Glasgow City Region Strategic Transport Plan
• Glasgow City Region Digital Connectivity 

Strategy
• Utility and infrastructure organisations’ 

investment, corporate and climate  
adaptation plans

Key climate related risks and 
opportunities 

Climate change will affect the city region’s 
infrastructure in a number of ways by: 

• Disrupting the complex systems of 
infrastructure networks meaning climate 
change impacts such as extreme weather 
events and high temperatures can impact other 
infrastructure providers even when their own 
assets have not been directly affected. 

• Increasing risk of disruption to infrastructure 
due to flooding and storminess, particularly to 

the many assets and services located along the 
coast and river banks. Sea level rise and increased 
frequency and severity of storms, high waves and 
severe weather will increase the risk of damage 
from coastal flooding, as well as backing up or 
overwhelming existing sewer systems leading 
to sewer flooding. There are particular risks to 
bridges which often carrying multiple services 
(gas, water, electricity, telecoms etc.) as well as 
traffic. Increased river flows can affect bridges 
due to localised riverbank erosion, undermining 
structures, scour and exposure of buried cabling 
and pipework. 

• Increasing the risk of landslides and 
disruption to transport infrastructure – with 
the severity and frequency of rainfall events, 
extreme temperatures, high winds and changes 
in vegetation growth rates, and changes in 
freeze thaw ratios affecting slope stability and 
embankment conditions. 

• Disrupting water-based transport and trade 
in and out of the city region as sea levels rise 
and flooding and storms become more common. 
These changes could pose a range of risks to 
ports and waterways, with implications for both 
passengers and cargo.

• Increasing the number and size of wildfires 
due to projected drier summers and higher soil 
moisture deficits.

• Reducing impacts from extreme cold events 
as they become less frequent and severe and 
cause less disruption to infrastructure during the 
winter months.

The key infrastructure related risks and opportunities 
and their urgency score are shown in Box 2.

THEME 1 – INFRASTRUCTURE
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Next steps to creating climate 
resilient infrastructure

• Continue to invest in reducing flooding from all 
sources, and begin early discussions to manage 
the potential impacts of coastal erosion on railway 
infrastructure on the North Bank of the Clyde.

• Take further action in relation to the impacts of 
storms and high waves. In particular, more risk 
assessment and adaptation planning are needed 
for the Erskine Bridge. 

• Undertake further work to ensure the city region’s 
infrastructure is prepared for future temperature 
rises and heatwaves. The impacts of rising 
summer temperatures are already being felt, and 
key infrastructure providers such as SGN, Scottish 
Power Energy Networks and Glasgow Airport need 

to improve the clarity of their plans to manage 
these risks for the city region.

• Build understanding and capacity in relation 
to infrastructure interdependencies, building 
on insight from the Infrastructure Operators 
Adaptation Forum, with a particular focus 
on building resilience of mobile and fixed 
telecommunications infrastructure that keeps the 
Glasgow City Region connected to the world and 
open for business. 

• Build capacity, understanding and networks to 
better understand the potential risks to passenger 
ferries, cargo and ports.

• Review how future climate projections are 
addressed in local and applicable national 
infrastructure strategies and plans (see Box 1). 

Box 2. Infrastructure related risks and opportunities

Ref Risk / Opportunity Description Urgency Score

Risks

IN1 Risks of cascading failures from interdependent infrastructure 
networks

 Build capacity and 
understanding

IN2 Risks to infrastructure services from river and surface water flooding  Sustain current action

IN3 Risks to infrastructure services from coastal flooding and erosion  More action needed

IN4 Risks of sewer flooding due to heavy rainfall  Sustain current action

IN5 Risks to bridges and pipelines from high river flows and bank erosion  Sustain current action

IN6 Risks to transport networks from slope and embankment failure  Watching brief

IN7 Risks to energy, transport and ICT infrastructure from storms and high 
waves

 More action needed

IN8 Risks to energy, transport and ICT infrastructure from extreme heat  More action needed

IN9 Risks to infrastructure from increase in vegetation growth rates  Sustain current action

IN10 Risks to infrastructure from wildfires  Watching brief

IN11 Risks to water-based transport and trade infrastructure (ports, canals, 
harbours, etc.) from sea level rise, floods and storms

 Build capacity and 
understanding

Opportunities

IN12 Potential benefits to water, transport, digital and energy infrastructure 
from reduced extreme cold events

 Watching brief
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Sector context 

A resilient, efficient and well-maintained system of 
interconnected infrastructure networks is key to the 
functioning of Glasgow City Region. Investment in 
infrastructure fit for the future is a key priority of the 
Scottish Government (Scottish Government, 2015a), 
the Glasgow City Region (Glasgow City Region, 
2017) and individual organisations. Research from 
the Scottish Cities Alliance found that transport 
infrastructure is the number one criterion considered 
by foreign investors when making an investment 
decision on whether to locate in a particular region. 
Infrastructure development is at a crucial point, with 
the City Deal’s flagship Infrastructure Fund creating 
a ‘once in a generation opportunity to deliver a step-
change in the economic potential of the region and 
drive economic growth’ (Glasgow City Region, 2017).

National Priorities

National infrastructure priorities are governed 
by a wide portfolio of legislation, strategies and 
regulations, and governance is shared between 
national and local government, public agencies and 
private sector organisations. Together, these support 
the Scottish Government’s National Performance 
Framework Outcomes and the following sustainable 
development goals: 

 
Table 1. National Performance Framework and 
Sustainable Development Goals related to infrastructure

National Performance 
Framework outcomes

Sustainable 
Development 
Goals

 We value, enjoy, protect and 
enhance our environment

 We have thriving and 
innovative businesses, with 
quality jobs and fair work for 
everyone

 We live in communities that 
are inclusive, empowered, 
resilient and safe

 We have a globally 
competitive, entrepreneurial, 
inclusive and sustainable 
economy

 

 

The Scottish Government’s Infrastructure 
Investment Plan (Scottish Government, 2015a) notes 
‘infrastructure investment is central to the Scottish 
Government’s economic strategy and vision’ and 
that ‘we need to invest in ways that help us tackle the 
challenges presented by climate change’. 

The UK Adaptation Reporting Power grants the 
Secretary of State the power to require key national 
organisations to regularly report on the current and 
future effects of climate change on their organisation 
and their proposals for adaptation. There have been 
two rounds of adaptation reporting, providing a 
strong evidence base for risks and a firm foundation 
on which to build future action (GOV.UK, 2015). A 
third round will be completed by 2020.

The Scottish Climate Change Adaptation Programme 
sets the goal of ‘A Scotland with well-managed, 
resilient infrastructure … providing access to 
the amenities and services we need.’ Under this 
goal, objectives for infrastructure in Scotland 
include understanding the impacts of climate on 
infrastructure, providing knowledge, skills and tools to 
manage these impacts, and increasing the resilience 
of networks to sustain and enhance the services they 
provide.

Glasgow City Region priorities

Infrastructure investment is at the heart of the 
Glasgow City Region’s Economic Strategy, which 
notes that resilient infrastructure assets are critical to 
achieving its vision. The £1.13 billion Infrastructure 
Fund established through Glasgow City Region 
City Deal provides an extraordinary opportunity to 
enhance infrastructure networks and ensure they 
are fit for the future. The investment is expected to 
deliver a sustainable uplift in GVA of 4% (circa £2.2bn 
p.a.) for the City Region. This uplift should generate 
additional tax revenues of some £20.7bn over the 40-
year lifespan of the fund, and support an increase in 
the economy of around 29,000 jobs. 

To further these goals the Glasgow City Region 
Economic Action Plan commits to greater alignment 
of infrastructure investment to ensure economic 
benefits of this investment is maximised, to establish 
a Regional Infrastructure Forum, and to use the City 
Deal Infrastructure Fund to lay the foundation for the 
expansion of Smart City technology. The Glasgow 
City Region will also work with SPT, Transport Scotland 
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and the Scottish Government to align transport 
priorities, and will develop a Glasgow City Region 
Strategic Transport Plan and a City Region Digital 
Connectivity strategy. Glasgow Airport is a key node 
in the regions infrastructure system and a number 
of projects are planned to maximise the economic 
impact of the airport across the region.

These varied interventions and investments will set 
the roadmap for infrastructure for the foreseeable 
future and are key opportunities to ensure our 
changing climate does not hold back growth or 
reduce the liveability and attractiveness of the region.

Risks to infrastructure

IN1: Risk of cascading failures from 
interdependent infrastructure networks

Current / future 
level of risk

Unknown

Adaptation 
shortfall

More significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

 
Risk description

Infrastructure networks exist within a complex 
system of interdependencies. Even a small disruption 
in one sector (for example electricity distribution 
or transport) can adversely affect the resilience of 
multiple other sectors. Climate change impacts 
such as extreme weather events can therefore still 
impact infrastructure sectors even when their own 
assets have not been directly damaged or disrupted. 
In addition, as links and conduits in larger national 
and international networks, infrastructure within the 
Glasgow City Region can also be adversely affected 
by climate impacts that happen elsewhere. 

Evidence for Glasgow City Region

Outputs from various research projects are beginning 
to quantify the scale of interdependency risks at the 
national level, but the scale of the risk locally remains 
largely unknown. In the city region, a NERC-funded 
project delivered by University of Edinburgh brought 

together Scottish Water, BT, SGN, Scottish Power 
Energy Networks, SEPA, and Inverclyde Council to 
begin to understand these interdependencies. The 
project mapped interdependencies between providers 
using methods developed by the Infrastructure 
Operators’ Adaptation Forum and simulated 
a decade of future weather and draw out the 
interdependencies and cascade consequences as a 
result of climate change. The project highlighted a 
range of dependencies between road, rail, water, gas, 
electricity and telecommunications infrastructure and 
has begun conversations about how to address these 
within the city region.

IN2: Risk to infrastructure services from river 
and surface water flooding

Current / future 
level of risk

High

Adaptation 
shortfall

Less significant

Benefits to  
further action

Not Scored

Urgency score  Sustain current action

 
Risk description

Flooding and the damage and disruption it causes 
are some of the biggest risks facing infrastructure 
in the city region now and in the future, and these 
are projected to grow under climate change. The 
impacts across different services is varied, but the 
combined effects will impact on the productivity of 
the economy, the budgets of public services, and the 
ability of people to engage in day-to-day activities.

Evidence for Glasgow City Region

Road: the effects of flooding are likely the most 
significant, visible and frequent climate impact on the 
national road network (Transport Scotland, 2011). The 
city region has 8,705Km of roads, comprising 515km 
of Trunk Road, and 8,191 km of Local Authority Roads 
(Transport Scotland, 2017). 

391km of road is at risk of surface water flooding, 
including the M73, M8, M80 and M74, and 32.7km 
of roads in the Local Plan district are at risk of river 
flooding (SEPA, 2015). The boundary of the Local 
Plan district assessed by SEPA in the Clyde and Loch 
Lomond Flood Risk Management strategy is larger 
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than the Glasgow City Region so the exact area of 
road at current risk within the Glasgow City Region is 
likely to be lower. In addition, modelling has shown 
76 sections of the national trunk road network are 
currently at the highest level of exposure to flooding 
(covering all types) (AECOM, 2017). This includes 
some sections within the Glasgow City Region, but 
also major access routes up to the west coast of 
Scotland. 

Newer road schemes will have been designed, and 
are being designed, with climate change impacts 
on flooding taken into consideration, therefore it is 
the older parts of the existing road network which 
are likely to be the most vulnerable to the effects of 
flooding and changes in the frequency and intensity 
of storms (Transport Scotland, 2011). 

The number of road sections nationally at this highest 
level of exposure to flooding is projected to increase 
from 76 to 179 by the 2030s and to 568 sections by 
the 2050s under a high emissions scenario. In the city 
region, a number of sections of the M8 have been 
identified as most exposed nationally.

Rail: As with roads, current levels of flooding already 
cause significant damage and disruption to rail 
operations within Scotland and this has the potential 
to increase with climate change. Surface water is the 
biggest risk to the rail network, with 127km of railways 
at risk of a 1 in 200-year flood event, and 16.5km at 
risk of river flooding (SEPA, 2015). 

Increased flooding has the potential to affect many 
aspects of rail services and infrastructure, including 
closure of lines, failure of lineside equipment due to 
inundation, damage or blocking access to stations, 
depots and offices, damage to bridges, and increased 
scour of embankments (Network Rail, 2015). In order 
to manage these risks, physical resilience to extreme 
weather is one of Network Rail’s three key pillars of its 
ongoing maintenance strategy (Network Rail, 2018a) 
and identifies a number of specification actions to 
reduce risk, including improving track drainage and 
targeted maintenance at high risk sites.

Subway: Glasgow’s subway passes under the River 
Clyde and the River Kelvin. Correspondence with SPT 
has indicated that the risk of flooding at stations is 
low, and subway water ingress has been reduced as 
part of the current refurbishment works. 

Air: Glasgow Airport has over 9 million terminal 
passengers each year and 84 thousand aircraft 
landings and take-offs, with 75% of flights on time 
(within 15 minutes of schedule) (DfT, 2017). Airport 
buildings and essential surfaces such as runways and 
aircraft stands will be at increased risk of flooding 
due to climate change, both from the rivers and from 
surface water accumulation (Glasgow Airport 2011, 
2015). SEPA also identified the airport as being at risk 
of both river and surface water flooding (SEPA, 2015). 
Flooding of assets could result in significant disruption 
and damage to the airport, with knock-on effects for 
the region. Control measures and mitigating actions 
have been identified and medium to long term risks 
(2020-2050s) are largely noted as moderate.

Energy (Electricity Generation and Distribution 
and Gas Supply): There are 570 utilities assets at 
risk of surface water flooding, and 110 at risk of 
coastal flooding (SEPA, 2015). However, it is difficult 
to understand specific risks to different infrastructure 
types as for surface water flooding this includes 
electricity substations, fuel extraction sites and gas 
regulation sites, whilst for coastal flooding it includes 
electricity sub stations, telecommunications, oil 
refining, and distribution, gas regulating and mineral, 
and fuel extraction sites.

Flooding of electricity sub-stations was identified 
as the risk of highest concern by Scottish Power 
Energy Networks (SP Energy Networks, 2011, 2015). 
Flooding can cause significant damage to sub-
stations and interrupt supply. Similar concerns exist 
for the gas distribution network with the flooding of 

Figure 5. Areas of trunk road most exposed to future 
flooding nationally, within Glasgow City Region.  
(Source: AECOM, 2017)
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Pressure Reducing Installations (PRIs) and supporting 
infrastructure (Southern Gas Networks and Scotland 
Gas Networks, 2011; SGN, 2015). Floods can cause 
considerable damage to PRIs, threatening supply 
security and affecting pipelines. This is particularly 
so when PRIs are close to or cross rivers, as flooding 
can cause damage or erode supporting groundworks. 
The adaptation reporting power reports do not 
specify how many assets are at risk in the Glasgow 
City Region, but Climate Ready Clyde are working 
with SGN to clarify initial assets identified through 
Clydeplan’s Strategic Flood Risk Assessment.

Clydeplan’s Strategic Flood Risk Assessment 
(Clydeplan, 2017a) uses SEPA flood maps to identify 
functional sites at risk to a 1 in 200-year return period 
for river and coastal flooding, or a 1 in 200 year (+ 
climate change) for surface water. The assessment 
identified three substations in Glasgow, Inverclyde 
and Renfrewshire at risk of flooding of a 1 in 200-year 
flood event. However, the only site identified with a 
moderate degree of risk was the substation located 
at Drumchapel, with 14% of the site covered by the 
mapping.

There are also four power generation sites at risk 
of flooding – three hydroelectric plants at risk from 
river flooding and Greengairs Landfill Gas site in 
North Lanarkshire at risk of surface water flooding 
(Clydeplan, 2017a). This equates to around 20.3MW 
of power generation.

IN3: Risk to infrastructure services from coastal 
flooding and erosion

Current / future 
level of risk

Medium

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  More action needed

 
Risk description

Many of the city region’s infrastructure assets and 
services are located along the coast and river banks. 
Climate change is expected to cause sea level rise and 
increase the frequency and severity of storms and 
severe weather, placing assets and services at a risk of 
damage from coastal flooding and erosion. 

Evidence for Glasgow City Region

Rail: The Clyde and Loch Lomond Flood Risk Strategy 
highlights that there are 2.8km of railway lines at risk of 
coastal flooding (SEPA, 2015). In addition to this work, the 
National Coastal Change Assessment has identified three 
sections of the West Highland rail line which are at risk of 
future coastal erosion potentially affecting connectivity of 
the city region to Fort William, Mallaig and Oban. 

Table 2. Electricity substations at risk of flooding (Source: Clydeplan, 2017a)

Name Location % of site Risk category Flood Type

Drumchapel Glasgow 14.43% Moderate Pluvial, Fluvial

Inverkip Inverclyde 1.4% Minimum Pluvial

Glenifer Braes Renfrewshire 1.3% Minimum Pluvial

 
Table 3. Electricity production stations at risk of 1:200 year flood event (Source: Clydeplan, 2017a)

Name Location Operator Generation 
type

Capacity 
(MW)

Risk 
Category

% 
affected

Flood 
Type

Greengairs North Lanarkshire Shanks McEwan Landfill Gas 3.8 Minimum 2.5% Pluvial

Blantyre South Lanarkshire Innogy Hydroelectric 0.575 Extreme 100% Fluvial, 
Pluvial

Bonnington South Lanarkshire Scottish Power Hydroelectric 11 Moderate 39% Fluvial

Stonebyres South Lanarkshire Scottish Power Hydroelectric 5 Moderate 30.1% Fluvial
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Figure 6. From top to bottom: possible future coastline position in 2050 at east of Ardmore Point, around Cardross and at 
Dumbarton Castle bay. (Source: Hansom et al., 2017)
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The first section of the rail line identified as at risk of 
coastal erosion is located on the shore to the east 
of Ardmore Point. Here, the coastline has built out 
25m since 1980 but then eroded landward by 10m 
between 1990 and 2011. Although undeveloped and 
undefended, the main West Highland rail line which runs 
north of Glasgow to Helensburgh lies close to the shore. 

The second area is around Cardross. The beach 
fronting the town has undergone substantial change 
since the survey of 1896, particularly where the small 
stream exits. Surveys show that the 1896 coastline 
lies 40 m seaward of the 2012 shore suggesting 
rapid erosion. By 1970 the shore was within 17 m 
of the modern 2012 shore, with 170 m of urban 
frontage shore eroding over the recent period at 0.7 
m/yr. In terms of future vulnerability, the shoreline 
is undefended. Currently, direct impacts are limited 
to recreational land and access tracks. However, 
projections indicate that up to 250m of rail track, 
13 residential homes and two railway bridges may 
eventually be impacted by continued erosion. 

The final section at risk of coastal erosion is Dumbarton 
Castle Bay. The saltmarsh coastline to the east of 
Dumbarton Rock has undergone variable amounts of 
erosion since 1896. As with many saltmarsh fringing 
shores, the degree of erosion is variable. One area has 
receded up to 80m since 1968, and further recession has 
occurred elsewhere of 20m between 1963 and 2012. 
Although the erosion zone here affects undefended 
saltmarsh, the vicinity of future erosion captures some 
100 m of mainline rail track that lies 70 m landward.

The locations identified are not currently included 
in the Scotland Weather Resilience and Climate 
Change Adaptation Plan for Scotland (Network Rail, 
2018a). Similarly, it is not included as a priority in 
the Network Rail’s Strategic Business Plan 2019 – 
2024 for Scotland (Network Rail, 2018b). However, 
Network Rail have already been undertaking work to 
protect from erosion and flooding more broadly. The 
Weather Resilience and Climate Change Adaptation 
plan highlights that Rock Armour Plating has already 
been installed to protect the sea wall face at Gourock 
Station. 

Given the long lead in times, complex stakeholder 
networks, and significant funding needed for 
successfully defending or relocating infrastructure, 
as well as the uncertainty on the effects of climate 
change on erosion rates, there would be benefit in 
the next five years to starting these discussions on an 
appropriate way forward. 

Roads: There are 53km of Roads within the Clyde 
and Loch Lomond Local Plan District at risk of coastal 
flooding, including 1.2km of the M8, 1km Primary 
roads, 23km A roads, 7.5km B roads, 12km minor roads 
(SEPA, 2015).

Energy: As noted above, Scottish Power Energy 
Network identified flooding of electricity sub-stations 
(including from coastal flooding) as the highest 
level of concern in their 2011 and 2015 adaptation 
reports. SEPA identified 50 utilities sites at risk of 
coastal flooding (SEPA, 2015), including electricity 
substations, fuel extraction sites, energy production 
sites and telecommunications sites (SEPA, 2015).

An assessment of the marine and coastal environment 
estimated that under a high emissions scenario the 
risk of coastal flooding will increase as sea levels in the 
Firth of Clyde rise by a projected 0.47m by the 2080s 
(Hansom et al., 2017). The assessment has identified 
risks in the 2080s to a coastal route and the harbour in 
Inverkip; industrial estates, development opportunities 
and infrastructure in Greenock; the A770, sections of 
railway; a proposed road and an industrial estate in 
Gourock; the former Exxon site in West Dunbartonshire; 
and a golf course in Renfrewshire. Mapping only covered 
a limited extent of the River Clyde, meaning the scale of 
impacts identified are likely to be an underestimate. 

IN4: Risk of sewer flooding due to heavy rainfall

Current / future 
level of risk

Medium

Adaptation 
shortfall

Less significant

Benefits to  
further action

Not Scored

Urgency score  Sustain current action

 
Risk description

Increased instances of heavy rain and sea-level rise both 
have the potential to back-up or overwhelm existing 
sewer systems and lead to sewer flooding. Much of 
Glasgow City Region’s sewer systems are ‘combined’ 
– taking both rainfall and foul water from kitchens and 
toilets. During heavy rainfall, sewage can overflow from 
manholes and gullies and flood land, rivers and gardens. 
In the worst cases, sewage can even flood homes. This 
risk is worsened by other activities which affect drainage 
capacity, such as urban creep, illegal connections, cross-
connections, blockages due to disposal of inappropriate 
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items and build ups from fats, oil and grease.

Evidence for Glasgow City Region

The amount of sealed surface across all local 
authorities in the Glasgow City Region is increasing, 
removing opportunities for drainage into the soil 
and increasing pressure on drainage infrastructure 
(ClimateXChange, 2016). At the Climate Ready Clyde 
workshop held on 8 November 2017 (Climate Ready 
Clyde, 2017a), stakeholders ranked this risk as of 
highest concern in the infrastructure sector. Scottish 
Water representatives explained customers share this 
concern, ranking sewer flooding as the area of highest 
concern in recent surveys.

The existing sewer system is a combination of 
historic and new, and in many places will struggle to 
accommodate even a 1 in 30-year flow. Newer elements 
of the sewer network are designed to accommodate 
rainfall from a 1 in 30-year return period scale event. 
Any rainfall event with a higher return period will likely 
overwhelm the sewer system and result in surface 
water flooding, even where newer elements have been 
incorporated. The number of properties at risk of sewer 
flooding within Glasgow City Region is relatively low. 
Scottish Water currently have 842 properties on their 
internal register (Birrell, V., 2018), which consists of 
validated incidents of sewer flooding. These are made 
up of both domestic and non-domestic properties, and 
are confirmed through a rigorous investigation process. 
The register is used to inform future work to reduce risks 
of sewer flooding.

Table 4. Confirmed risks of sewer flooding to properties in 
Glasgow City Region (Source: Birrell, V., 2018)

INTERNAL PROPERTIES 

Flooding likelihood Properties at risk

2 in 10 105

1 in 10 85

1 in 20 51

Total 241

EXTERNAL PROPERTIES ONLY

Flooding likelihood Properties at risk

2 in 10 462

1 in 10 359

1 in 20 21

Total 842

 

IN5: Risks to bridges and pipelines from high 
river flows and bank erosion

Current / future 
level of risk

Medium

Adaptation 
shortfall

Less significant

Benefits to  
further action

Not Scored

Urgency score  Sustain current action

 
Risk description

Bridges are key linkages in many infrastructure 
networks often carrying multiple services in the body 
of the structure (gas, water, electricity, telecoms etc.) 
as well as traffic. Damage to bridges can therefore 
have multiple impacts, including to cultural heritage 
as many road and rail bridges are listed buildings 
(ASC, 2016). High and fast river flows can cause 
localised riverbank erosion undermining structures, 
increased scour, exposure of buried cabling and 
pipework, and lead to build-up of debris under 
structures.

Evidence for Glasgow City Region

Stakeholders explained at the 8 November 2017 
workshop that there are many bridges in the Glasgow 
City Region. These are maintained by several different 
agencies. There is high confidence in the data 
available on the condition of structures (although 
not all publicly available) and good maintenance 
procedures are in place. However it was noted 
that even a minor structural failure could cause a 
significant problem for infrastructure networks.

There have been substantial increases in winter river 
flows from 1961-2004, with the River Kelvin seeing 
an increase of 69% (ASC, 2016). Peak flows across 
Scotland are projected to continue to increase 
over the next century. The risk to bridges is largely 
recognised in the current adaptation plans of the key 
infrastructure providers reviewed. 
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IN6: Risks to transport networks from slope and 
embankment failure

Current / future 
level of risk

Low

Adaptation 
shortfall

Not Scored

Benefits to  
further action

Not Scored

Urgency score  Watching brief

 
Risk description

Increases in the severity and frequency of rainfall 
events, changes in soil moisture levels, extreme 
temperatures (both high and low), changes in 
vegetation growth rates, and changes in freeze thaw 
ratios can all affect slope stability and embankment 
conditions, which are prominent features of transport 
infrastructure. High winds can also impact on slope 
stability by up-rooting trees. As the climate changes, 
these events may have a greater impact.

Evidence for Glasgow City Region

Road: The Scottish Government’s Scottish Road 
Network Landslide Study (Scottish Executive, 2005) 
notes that the main conditions contributing to landslips 
are extended periods of heavy rainfall (antecedent 
rainfall) and intense rainfall events. Based on the 
UKCP02 climate projections, the study identified 10 
areas of High Risk for landslips in Scotland but none 
of these were in the Glasgow City Region. An updated 
study for Transport Scotland in light of the new UKCP09 
projections found that under a medium UKCP09 
scenario (Jacobs, 2011), risk levels from landslides 
were broadly similar and recommended that current 
adaptation strategies in place would be sufficient to 
manage the risk. No evidence was found relating to 
assessments of the local road networks, but these are 
less important than the strategic transport networks.

A further study of the road network’s exposure to 
flooding and landslides has identified the A83 as a 
section of trunk road with potentially high exposure. 
The scoring of other sections in the city region are 
estimated to rise to the highest score of exposure by 
the 2050s under a high emissions scenario. Whilst not 
within the city region, the A83 acts as a gateway route 
from Glasgow to the West of Scotland, meaning it is a 
key route for underpinning a wider tourism strategy. 

Rail: Network Rail’s Climate Change Adaptation 
Report (2015) notes the condition of rail 
embankments can be adversely affect by both an 
increase in flooding (washing material away) and 
decreases in rainfall (causing desiccation of material 
leading to track geometry faults). It is not known how 
many rail embankments are present in the Glasgow 
City Region, however both the 2015 adaptation report 
and the Route Strategic Plan for Scotland (2018) list 
actions to increase resiliency of earthworks across the 
network, including increased maintenance for slopes 
classified as ‘poor’ and increased monitoring.

IN7: Risks to energy, transport and ICT 
infrastructure from storms and high waves

Current / future 
level of risk

Medium

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  More action needed

 
Risk description

Storms bring a range of hazards to infrastructure, 
including flooding, damage to structures from high 
winds, blockages from debris, uprooting of trees, high 
waves and lightning strikes. Scotland as a whole is 
likely to see an increase in the annual frequency of 
windstorms by 10-15% under a temperature rise of 3-4 
degrees (Air Worldwide and Met Office, 2017). Wind 
is also a key component in determining wave height. 
Increased risk of high winds also raises the chances 
of overtopping of coastal defences and contributes 
to long term degradation of coastal infrastructure, 
increasing the need for monitoring and maintenance. 

Evidence for Glasgow City Region

The above research has estimated that such changes 
could lead to an increase in average annual insured 
losses (AAL) for Scotland of 10%. Equivalent figures 
for the Glasgow City Region are not available. Road, 
rail, energy and telecoms infrastructure operators 
all currently manage risks associated with storm 
conditions as part of normal operations. However, 
future changes could have significant implications for 
the operation of a range of infrastructure services. 
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Road: the A898 Erskine Bridge connecting West 
Dunbartonshire and Renfrewshire currently has the 
highest category of exposure to high wind impacts 
in Scotland, and that this rises to one of the highest 
possible risk scores by the 2050s (AECOM, 2017).

Rail: High winds can cause damage/blockages to 
rail lines due to objects/debris falling onto the tracks 
and can also uproot trees adjacent to, or part of, rail 
earthworks (Rail Safety and Standards Board, 2016 
and Network Rail, 2015). Even where trees do not 
fall onto the track, this uprooting can weaken the 
structural integrity of earthworks and increase the 
risk of failure. However, there was no assessment 
identified of risk to Glasgow City Region.

Aviation: There are a wide range of storm risks including 
wind damage to assets, aircraft and staff, disruption to 
schedules, risk to aircraft while taking off, risk of changes 
in direction of prevailing winds across the runway, risks 
of lightning strikes (Glasgow Airport, 2011, 2015). Planes 
are particularly vulnerable to lightning when taking off, 
landing or refuelling, leading to suspension of activities 
during lightning events. Whilst a range of risks from 
storms have been identified, these have classed by the 
Airport as low through to the 2050s. However, it has not 
been able to be assess risks directly relating to wind due 
to uncertainty stemming from suitable wind projections 
(Glasgow Airport 2011, 2015).

Energy: Many electricity assets could be affected by 
storms, including overhead lines and transformers 
affected by increasing lightning activity (SP Energy 
Networks, 2015). During extreme events maintenance 

teams may have limited safe access to isolate and repair 
faults, extending the duration of the loss of supply to 
customers. SGN highlight similar concerns, with the main 
risks from storms coming from disruption to transport 
routes which in turn affect operations (Southern Gas 
Networks and Scotland Gas Networks, 2011; SGN, 2015).

Telecommunications: Mirroring many of the risks 
above, Fixed Line Telecoms and Mobile Telecoms are 
both vulnerable to storm events due to damage to 
masts and towers, misalignment of microwave dishes, 
and damage to cables and cable heave from uprooted 
trees (TechUK, 2017). Data centres are at lower risk of 
direct damage but are still reliant on other services such 
as electricity supply and transport access. However, no 
assessment of assets at risk in Glasgow City Region 
was identified as part of this work.

IN8: Risks to energy, transport, and ICT 
infrastructure from extreme heat

Current / future 
level of risk

Medium

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  More action needed

 
Risk description

Many elements of transport, digital, and energy 
infrastructure are affected by high temperatures. 
High temperatures increase the risk of railway lines 
buckling, leading to damaged trains and increasing 
maintenance and disruption of services. High 
temperatures can also degrade road and pavement 
materials, increasing maintenance and repair 
costs. As well as impacts on the physical materials 
and functioning of infrastructure, extreme high 
temperatures increase the risk of heat stress to staff, 
which may constrain maintenance schedules. 

Evidence for Glasgow City Region

Rail: Based on 2006/07 to 2013/14 data, heat-related 
delays on the railway total 723 minutes per year on 
average, costing £0.02m per year in Schedule 8 costs 
(the compensation payments to train and freight 
operators for network disruption) for the entire of 
Scotland (Watkiss et al., , 2018). 

Figure 7. Most exposed trunk road section for high winds 
(Source: AECOM, 2017)



Glasgow City Region Climate Change Risk and Opportunity Assessment  

20

These heat related delays would be expected to 
increase, though the increase in hot and very hot 
days are modest for Scotland. Temperatures greater 
than 31C exceed track thresholds and can result in the 
need for reduced speeds to minimise buckling. The 
number of temperature exceedances above that 31C 
threshold are expected to increase from rate of 0.6 
per year to 6.4 by the 2040’s in Southern Scotland 
(RSSB, 2016). Network Rail’s second adaptation report 
(Network Rail, 2015) highlights a range of climate 
change risks associated with high temperatures and 
extreme weather (see Table 5).

No formal evidence of the risks to the rail network 
in Glasgow City Region were identified, though the 
summer 2018 heatwave caused speed restrictions across 
the network and rail buckling in North Lanarkshire.

Aviation: Many of the risks identified in Glasgow 
Airport’s Climate Change Adaptation Reports 
(Glasgow Airport, 2011, 2015) relate to temperature 
extremes, since extreme heat impacts on airport 
operations in a variety of ways, including reducing 
the lift available to aircraft due to ‘thin air’, reducing 
aircraft engine efficiency, overheating of aircraft on 
stands, potential changes in bird behaviour increasing 

Table 6. High or very high risks to electricity distribution infrastructure from heat and drought  
(Source: SP Energy Networks, 2015).

Business 
function

Description Risk Likelihood Impact

Overhead line 
cable, bridges 
and towers

Overhead line conductors affected by temperature rise, 
reducing rating and ground clearance 

High Possible 
(3)

Moderate 
(3)

Underground 
lines, tunnels and 
cable routes 

Underground cable systems affected by increase in 
ground temperature, reducing ratings 

High Possible 
(3)

Moderate 
(3)

Underground 
lines, tunnels and 
cable routes 

Underground cable systems affected by summer 
drought and consequent ground movement, leading to 
mechanical damage. 

High Unlikely 
(2)

Significant 
(4)

Transformers Transformers affected by urban heat islands and 
coincident air conditioning demand leading to 
overloading in summer months 

High Possible 
(3)

Moderate 
(3)

Network Access Maintenance programme may be impacted as increased 
temperatures may increase loads during summer 
reducing opportunity for planned outages and network 
reinforcement to enable maintenance. Temperature 
increases could thus lead to a possible reduction in the 
flexibility of the network (because of the change in load 
balance through the year 

High Possible 
(3)

Moderate 
(3)

Table 5. Network Rail key climate change risks to  
rail infrastructure from heat and high temperatures  
(Source: Network Rail, 2015)

Asset associated 
with risk

Consequence

Track Risk of buckling, breaks and 
derailment.

Reduced opportunities for 
track maintenance

Overhead line 
equipment

Failure of point operating 
equipment

Overhead line 
equipment

Sag of overhead line and risk 
of dewirement

Lineside 
equipment

Failure of temperature 
controls and overheating of 
electronic equipment

Staff Poor working conditions for 
staff in extreme weather 
conditions
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the chance of bird strike, overheating of critical 
buildings/equipment, heat damage to road and apron 
surfaces, increased demand for cooling, increased 
fire risk and negative impacts on air quality making it 
harder for the airport to comply with standards.

Electricity – SP Energy Network’s Climate Adaptation 
report (SP Energy Networks, 2015) highlights a range 
of risks to electricity related to higher temperatures 
and drought that were rated as High or Very High by 
the 2080s, based on a high emissions scenario, using 
the 90% probability level. However, these impacts 
in Scotland are likely to be modest, especially in the 
short and medium term.

IN9: Risks to infrastructure from increase in 
vegetation growth rates

Current / future 
level of risk

Medium

Adaptation 
shortfall

Less significant

Benefits to  
further action

Not Scored

Urgency score  Sustain current action

 
Risk description

Changes in the type and rate of vegetation growth 
could have a positive or negative impact on 
infrastructure generally. In some areas, changes in 
vegetation may help to stabilise grounds, while in 
other locations vigorous plants and roots may cause 
damage. 

Under the medium scenario in UKCP09 Glasgow’s 
growing season could extend by 40 days by 2050 
(Scottish Cities Alliance, 2014). This is a complex, 
interacting risk as whilst temperature increases 
vegetation growth, this in turn increases risks of tree 
falling related to storms and high winds. It may also 
require changes to maintenance timetables to ensure 
that maintenance does not inadvertently encourage 
growth.

Evidence for Glasgow City Region

Electricity: Tree-related faults on the UK’s electricity 
distribution network significantly increased between 
1990 and 2006 (ASC, 2016) and Scottish Power 
Energy Network’s adaptation reports note vegetation 
management is one of their biggest annual costs (SP 
Energy Networks, 2011, 2015). 

Roads: The Scottish Executive considered the change 
in the growing season, would lead to additional 
maintenance costs for vegetation control for roads 
(Scottish Executive, 2005). This will also create 
additional on-costs as maintenance activity requires 
traffic management, causing transport delays and 
increased travel time. The study reported that a 
minimum of two cuts per year has historically been 
adequate to control the height of grassed roadside 
verges, centre reserves and junction areas on the 
Scottish trunk road network. However, in recent years 
this has increased to 3 or more cuts.

Rail: Changes in the timing of the seasons can affect 
the timing of leaf fall and may require changes to 
the timing of vegetation management operations as 
cutting at the wrong time can encourage rather than 
slow growth.

As well as the danger of falling trees and 
entanglement, increased root growth can change the 
structural integrity of embankments and earthworks, 
damaging pavements and roads and interfering with 
underground infrastructure. While operators currently 
have robust vegetation management plans in place, 
issues of ownership can often hamper maintenance 
efforts, with Network Rail estimating 60% of national 
disruption due to windblown trees comes from land 
they do not own.
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IN10: Risks to infrastructure from wildfires

Current / future 
level of risk

Medium

Adaptation 
shortfall

Less significant

Benefits to  
further action

Not Scored

Urgency score  Watching brief

 
Risk description

Projected increases in drier summers and higher 
soil moisture deficits are expected to lead to a 
large increase in the number and size of wildfires 
in Scotland, with associated increased demand for 
management.

Evidence for Glasgow City Region

Scottish Fire and Rescue do not record and publish 
data on wildfires in Scotland. Instead they record 
these as a type of secondary fire, known as grassland. 
Secondary fires from grassland include: “Grassland 
etc., including heath, hedges, railway embankments 
and single trees”. (HM Inspectorate of Constabulary 
for Scotland and HM Fire Service Inspectorate for 
Scotland, 2002). Secondary fires can fluctuate due to 
weather conditions throughout the year. 

The number of secondary grassland fires in the 
city region has increased from 1,654 in 2014/15 to 
1,943 in 2016/17. Whilst Glasgow has the biggest 
proportion of fires, this has been reducing, whilst all 
seven other authorities in the city region have seen 
increases. There are some caveats to these figures. 
Firstly, the records do not differentiate motives, so it 
is not possible to distinguish between accidental and 
deliberate fires. Secondly, there is not data available 
from over a long enough period to understand 
whether recent rises are part of a long-term trend 
linked to climate, or just short-term fluctuations linked 
to activities of the public, policies and resourcing. 

Wildfires pose a particular danger to Pressure 
Reducing Installations, but the level of risk is site 
specific (Southern Gas Networks and Scotland Gas 
Networks, 2011; SGN, 2015). However, no sites were 
able to be identified for the city region as part of 
this assessment. Other infrastructure sites are also 
vulnerable to damage from wildfires, particularly 
those in rural areas. 

As well as causing direct damage to assets, wildfires 
can reduce local visibility and lead to disruption 
of services and increased risk to drivers. From 
consultation with organisations in the city region, 
general wildfire risk in the Glasgow City Region was 
felt to be low, but some specific assets may need 
additional protection (Climate Ready Clyde, 2017a).

Figure 8. Secondary grassland fires by Local Authority for Glasgow City Region. (Source: Scottish Fire and Rescue, 2017)
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IN11: Risks to water-based transport and trade 
infrastructure (ports, canals, harbours, etc.) 
from sea level rise, floods and storms

Current / future 
level of risk

Medium

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

 
Risk description

Water based transport and trade in and out of Glasgow 
City Region could be disrupted by a mix of future sea 
level rise and floods, and storms. These changes could 
pose a range of risks to ports and waterways, with 
implications for both passengers and cargo. 

Evidence for Glasgow City Region

The Clydeport terminals at Glasgow and Greenock, 
along with sites outside the Glasgow City Region at 
Ardrossan and Hunterston, together process 5.4 million 
tonnes of cargo a year. There are also four regular ferry 
services in the Glasgow City Region (Wemyss Bay to 
Rothesay; Kilcraggan to Gourock; and Hunter’s Quay 
to McInroy’s Point and Renfrew to Yoker). Calmac’s 
Wemyss Bay to Rothesay route carries over 700,000 
passengers a year, whilst there are 32,000 sailings a year 
between Hunter’s Quay to McInroy’s Point (Western 
Ferries, 2018). Finally, the Greenock Ocean Terminal acts 
a major port for cruise ships. In 2018 it is scheduled to 
receive 59 cruise calls, with over 100,000 passengers 
coming through the terminal (Clydeport, 2018).

Rises in sea level could increase scour potential 
for vertical structures such as sea walls. Coastal 

structures will be particularly vulnerable where 
defence foundations are exposed to stronger 
and near continual wave action (ASC, 2016). Port 
operators also cite some benefits from higher sea 
levels, including reducing the potential need to dredge 
harbours and channels (ASC, 2016). 

Climate change will increase levels of erosion and 
silting in waterways, adding to maintenance costs 
(Scottish Canals, 2017). At the same time, increasingly 
frequent extreme weather events will require more 
robust risk management processes and contingency 
arrangements. Historic structures, already requiring 
careful maintenance, will be particularly vulnerable.

Specific sea level rise assessments have been 
conducted for major ports in Scotland (ASC, 2016), 
but that these were not submitted as part of the 
second round of the Adaptation Reporting Power. 
While these updated assessments were not available 
for inclusion in this assessment, the table below shows 
Passenger and Vehicle Ferry terminals identified as 
at risk of flooding from a 1 in 200-year (plus climate 
change) scale event (Clydeplan, 2017a). In particular, 
the Renfrew Ferry and Western Ferries terminal are 
particularly exposed.

The assessment also identified that a small area  
(0-10%) of Clydeport’s King George V dock in Glasgow 
is at risk of a 1 in 200 year plus climate change coastal 
flooding, however, no public information is available on 
climate change risks to Clydeport operations.

Disruption due to storms

The majority of current disruption to ferry services is 
due to high winds. Scotland as a whole is likely to see 
an increase in the annual frequency of windstorms by 
10-15% under a temperature rise of 3-4 degrees (AIR 
Worldwide and Met Office, 2017). It should be noted 
however, that climate projections show a high level of 
uncertainty on changes to wind speeds (ASC, 2016).

Table 7. Passenger and Vehicle Ferry Terminals at risk of flooding in Glasgow City Region (Source: Clydeplan 2017a)

Name Location Risk Type Risk Category %age

Greenock Ocean Terminal Inverclyde Coastal, pluvial Moderate 12.22

Gourock Ferry Inverclyde Coastal, pluvial Moderate 13.8

Wemyss Bay Ferry Inverclyde Coastal, pluvial Moderate 20.96

Western Ferries terminal McInroy’s Point Inverclyde Coastal Extreme 56.11

Renfrew Ferry Renfrewshire Coastal Extreme 93.31
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Opportunities for Infrastructure

IN12: Potential benefits to water, transport, 
ICT and energy infrastructure from reduced 
extreme cold events

Current / future 
level of risk

Unknown

Adaptation 
shortfall

Less significant

Benefits to  
further action

Not Scored

Urgency score  Watching brief

 
Opportunity description

Cold weather (including snow and ice) is a major 
cause of disruption to transport services, and 
electricity transmission and distribution. A warming 
climate may reduce the number or severity of 
extreme cold events, with associated reduced 
disruption across infrastructure services.

Evidence for Glasgow City Region

The average number of extreme cold days is likely to 
diminish over the course of the century. Cold winters 
will still be possible, but are expected to become 
increasingly unlikely. There may be opportunities 
arising from fewer snow and ice days reducing winter 
disruption and maintenance costs.

However, frequent fluctuations around freezing 
point can be more damaging to equipment and 
surfaces than sustained periods of below freezing 
temperatures. As with slope stability (see IN6), a 
change in the freeze thaw ratio may be a significant 
factor in determining the level of resources required 
for maintenance. A reduction in the frequency of 
extreme cold events also reduces the capacity to 
respond in the rare cases when they do occur, with 
some anecdotal correspondence with Transport 
Scotland indicating that they perceive the potential 
for increased vulnerability. With climate variability 
projected to rise, winter planning may become more 
difficult even if the impacts overall are reduced.

© GLASGOW CITY COUNCIL
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Overview

The built environment shapes the way we live and 
work in the Glasgow City Region. It encompasses 
where we live and where we do business. It embodies 
our past, whether that be from significant events, 
or individuals such as Charles Rennie Mackintosh, 
who have shaped the city region we see today. The 
built environment is also shaped by the local climate 
conditions, and must be resilient to projected changes 
and impacts expected over the next decades. 

Box 3 shows a number of city region plans and 
strategies will shape the built environment of the 
future, with opportunity to integrate considerations 
future climate into each of these:

Box 3. Glasgow City Region plans and 
strategies that relate to the Built Environment

• Strategic Development Plan
• Built Environment
• The Glasgow City Region Economic Strategy 

and Action Plan
• Glasgow City Region Housing Strategy
• Local Housing Strategies
• Property and Asset Management Plans

Key climate related risks and 
opportunities 

Climate change will affect the city region’s built 
environment by: 

• Increasing risk to homes as a result of flooding 
and sea level rise. Many homes are at risk of 
surface water, river or coastal flooding, with a sea 
level rise increasing the risk to a small number of 
homes into the 2080s. There are also a number of 
development sites earmarked for housing which 
have been highlighted as being at risk of a 1 in 
200-year flood event, (accounting for climate 
change), and the City Region needs to continue to 
improve actions to manage this future risk. 

• Damaging building fabric and increasing 
maintenance due to more frequent and severe 
exposure to the elements such as wind, moisture 
and driving rain. Such hazards can increase damp 
and mould, whilst flooding can deposit salts and 
sediments. There may also be an increased demand 

to cool buildings in higher temperatures and heat 
waves and additional ventilation to adequately 
remove moisture produced inside a building. This 
may require retrofitting of older buildings.

• Increasing the challenges of maintaining 
cultural heritage – Many properties of 
architectural or historic merit (including properties 
cared for by Historic Environment Scotland) are 
particularly vulnerable to natural hazards, due 
to their locations on coasts or rivers and current 
state of repair. Wider cultural heritage may also 
be affected, with scheduled ancient monuments 
exposed to flooding. 

• Increasing maintenance requirements for 
green spaces, both directly in terms of increased 
vegetation growth and species resilience and 
indirectly through the projected increased use of 
green space by people.

• Creating opportunities to support wider 
ambitions around reduced fuel poverty, increased 
uptake of renewables and food growing.

The key built environment related risks and 
opportunities are shown in Box 4.

Next steps to creating a climate 
resilient built environment

• Continue to act to reduce risks to homes from 
flooding, as well as to significant buildings of 
significant cultural heritage, such as Newark Castle 
and Dumbarton Castle.

• Build understanding and capacity about the extent 
to which domestic and non-domestic buildings are 
resilient to current and future temperatures, storms, 
wind, moisture and driving rain.

• Better understand the potential scale of 
overheating in current and new buildings to inform 
new build and retrofit activity, with a focus on 
ensuring that vulnerable groups such as the elderly 
and children have access to safe housing. We also 
need early action to raise awareness of potential 
future cooling requirements and alternative 
approaches to minimise future demand and 
maladaptation.

THEME 2 – BUILT ENVIRONMENT 
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• Build understanding of how green space and 
infrastructure can deliver climate benefits in urban 
areas, supported by Green Network Strategic 
Delivery areas, and how a changing climate will 
affect its management.

• Build understanding of the opportunities and 
challenges a changing climate may bring for 

increasing viability of projects in renewable energy 
sector, and incorporating into the Energy Strategy 
and Local Heat and Energy Efficiency Strategies.

• Review how the various Glasgow City Region plans 
and strategies that relate to the built environment 
(Box 3) as well as national plans applied locally 
address future climate projections.

Box 4. Built environment related risks and opportunities

Ref Risk / Opportunity Description Urgency Score

Risks

BE1 Risks to homes from flooding and sea level rise  Sustain current action

BE2 Risks to building fabric from moisture, wind, storms and driving rain  Build capacity and 
understanding

BE3 Risks to cultural heritage from landslides, flooding or coastal erosion  Sustain current action

BE4 Risks to traditional and historic buildings from moisture, wind and 
driving rain

 Build capacity and 
understanding

BE5 Increased maintenance of green space due to rising temperatures 
and extreme weather

 Build capacity and 
understanding

BE6 Increased cooling demand in buildings as a result of rising 
temperatures

 Build capacity and 
understanding

BE7 Risk of overheating of buildings from higher temperatures and 
heatwaves 

 Build capacity and 
understanding

Opportunities

BE8 Opportunities for local food growing from warmer temperatures and 
increased growing season

 Watching brief

BE9 Reduced heating demand to buildings from rising temperatures  Watching brief

BE10 Increased viability of renewable electricity and heat from changing 
weather conditions

 Build capacity and 
understanding
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Sector Context

The built environment shapes the way we live and 
work in the Glasgow City Region. It encompasses 
where we live and where we do business. It embodies 
our past, whether that be from significant events, 
or individuals such as Charles Rennie Mackintosh, 
who have shaped the city region we see today. The 
built environment is also shaped by the local climate 
conditions, and must be resilient to projected changes 
and impacts expected over the next decades. 

Our buildings are a wide mix of types and ages, including 
a significant number of traditional buildings constructed 
before 1919. The city region will continue constructing 
new building stock to meet the needs of individuals and 
businesses, but most of the buildings that will make up 
the built environment in 2050 and even 2080 already 
exist today. Retrofitting existing building stock and 
planning urban areas and developments with both 
current and future climate impacts in mind will ensure 
that our homes and wider urban environment are safe, 
comfortable and resilient to climate change. 

National Priorities 

The factors affecting Glasgow City Region’s built 
environment are complex, governed by a range of 
legislation, policies and plans covering planning and 
land use, carbon and energy, economic development 
and housing. These contribute to a range of 
outcomes in the National Performance Framework 
for Scotland (Scottish Government, 2018a), and 
the aligned Housing and Regeneration Framework 
(Scottish Government, 2018b), as well as a number of 
Sustainable Development Goals (see Table 8).

For new development, the third National Planning 
Framework aims to make Scotland a successful, 
sustainable, low carbon, natural, resilient and, 
connected place (Scottish Government, 2014a). Green 
space and climate resilience are at the heart of these, 
with the Central Scotland Green Network, and the 
Metropolitan Glasgow Strategic Drainage as National 
Developments. A new National Planning Framework 
is proposed which will incorporate a reviewed and 
revised Scottish Planning Policy. It is anticipated that 
NPF4 will be ready in 2020, and will be completed 
by the Scottish Government working jointly with 
non-statutory Regional Partnerships. It will identify 
regional and national priorities for spatial strategies, 
infrastructure investment, housing land requirements 
and regional and national development priorities. 

Table 8. National Performance Framework Outcomes, 
Housing and Regeneration Outcomes and the Sustainable 
Development Goals relating to the Built Environment

National Performance 
Framework outcomes

Sustainable 
Development 
Goals

 We value, enjoy, protect and 
enhance our environment

 We are healthy and active

 We live in communities that 
are inclusive, empowered, 
resilient and safe

 

 

Housing and Regeneration 
Outcomes Framework

• A well-functioning housing 
system;

• High quality sustainable homes;
• Homes that meet people’s 

needs; and
• Sustainable communities

There are also significant plans to increase the 
quality and quantity of housing. Whilst no national 
targets exist on overall housing numbers, the Scottish 
Government has a target to provide 50,000 more 
affordable homes by March 2021, of which 35,000 
will be for social rent (Scottish Government, 2017a).

For both existing and new homes, the Scottish 
Government’s Local Housing Strategy Guidance (Scottish 
Government, 2014b) sets out frameworks for addressing 
a range of housing issues, including conditions, its role 
in supporting people in care, homelessness, the private 
rented sector, fuel poverty and mitigation. In addition, 
the Scottish Government’s Sustainable Housing Strategy 
(Scottish Government, 2013a) sets out ambitions for 
warm, high quality, affordable, low carbon homes, 
and for using the housing sector to help establish a 
successful low carbon economy. The recent draft of 
the Scottish Government’s Climate Change Plan and 
Energy Efficiency Plans outline commitments on energy 
efficiency and renewable energy which will reshape 
housing stock.

There is also a significant commitment to local food 
growing. Part 9 of the Community Empowerment 
(Scotland) Act 2015 requires local authorities to 
develop a food growing strategy for their area, 
including identifying land that may be used as 
allotment sites and identifying other areas of land that 
could be used by a community for the cultivation of 
vegetables, fruit, herbs or flowers., as well as requiring 
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local authorities to take reasonable steps to provide 
allotments if waiting lists exceed certain trigger points.

Finally, Climate Ready Buildings is one of the three 
themes within the Scottish Climate Change Adaptation 
Programme (2014), which focuses on understanding 
impacts, providing knowledge, skills and tools to 
manage them, with the aim of increasing the resilience 
of buildings and the benefits and services they provide.

Glasgow City Region priorities

Glasgow City Region is going through a period of 
significant change. The recently adopted Strategic 
Development plan (Clydeplan, 2017b) outlines the 
ambition to deliver 116,150 new homes by 2029. Within 
this, thirteen community growth areas with capacity 
to deliver approximately 19,000 new homes are 
acknowledged in the NPF3. The Glasgow City Region 
Economic Strategy and Action Plan (Glasgow City Region, 
2017) support this aspiration with an objective to increase 
the number of housing and commercial completions and 
decrease the amount of derelict and vacant land. This will 
be delivered through the development of a new Regional 
Land Use Spatial Strategy. 

The Economic Strategy also includes commitments 
to develop a Glasgow City Region Housing Strategy, 
supported by a co-ordinated Housing Investment 
Plan, bringing together all local authorities and 
housing partners in recognition of the identified need 
and demand for housing across the area. This will 
build on existing Local Authority Housing Strategies, 
which set out how the city region intends to address a 
range of issues with the built environment, including 
housing supply, regeneration and sustainability, stock 
condition, and fuel poverty and climate change as 
well as a focus on specialist provision for older people 
and preventing homelessness.

There is also a vision of a significantly expanded 
amount of green space in Glasgow City Region, for 
a variety of different uses. The Glasgow and Clyde 
Valley Green Network Partnership has ambitious 
targets for a wide range of green spaces, including:

• 3,500ha of greening of vacant and derelict land,
• 30km2 of Urban Green Infrastructure,
• 5,500 football pitches-worth of new and improved 

green space,
• 4,000 new allotment plots for community growing 

spaces,
• 500km2 of wildlife habitats, and
• 1000km of active travel routes.

Risks to the built environment

BE1: Risks to homes from flooding and sea level rise

Current / future 
level of risk

High

Adaptation 
shortfall

Less significant

Benefits to  
further action

Not Scored

Urgency score  Sustain current action

 
Risk description

Homes in part of Glasgow City Region are already 
at risk of flooding from high flows in rivers, surface 
water run-off, and a combination of high winds and 
tides at the coast. Climate change is increasing the 
frequency and severity of extreme rainfall and storms, 
leading to increases in the number of properties 
exposed to flooding. In addition, the warming climate 
is causing polar ice melt and the sea to expand, 
causing sea levels to rise and increase the area of land 
permanently underwater. Flooding and water entering 
homes can cause significant physical damage, with 
related financial or insurance implications. 

Evidence for Glasgow City Region

There are 823,000 homes in Glasgow City Region 
(Scottish Government, 2017b), and approximately 
22,000 residential properties in the Clyde and Loch 
Lomond Local Plan District Area are at risk of flooding 
from river, coastal and surface water flooding (SEPA, 
2015).

Surface water flood risk is one of the most significant 
types of flooding for Glasgow City Region, and is 
affected by the permeability of surfaces. The amount 
of sealed surface (from removal of vegetation and 
building over green space by development and 
homeowners), is increasing in all Local Authorities 
in Glasgow City Region (ClimateXChange, 2016). In 
2008, Glasgow, North Lanarkshire and Renfrewshire 
were most urbanised. Between 2008 and 2015 
sealing increased most in East Renfrewshire, followed 
by North and South Lanarkshire, West Dunbartonshire 
and Inverclyde. 

In addition to the current and future risks to the 
existing built environment assessed by SEPA, initial 
work by Climate Ready Clyde has assessed the flood 
risk to housing sites within the ‘effective’ land supply 
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for the city region. The effective land supply contains 
sites for homes which will be delivered in the next 
seven years. The assessment found that 6% (105 
sites) of the 1,620 sites identified in the housing 
land area audit have some degree of coastal, fluvial 
or pluvial flood risk associated with them, based on 
a 1 in 200-year return period for river and coastal 
flooding, or a 1 in 200 year (including an uplift for 
climate change) for surface water. These sites are 
planning to deliver around 3,850 homes in the next 
seven years across the city region. 

The assessment shows that for these sites developers, 
local authorities, and SEPA will need to work 
closely to minimise future risks of flooding for new 
development. Sites in Glasgow, Renfrewshire and 
West Dunbartonshire are priority areas for new action, 
given the high proportion of sites with exposure to a 
high degree of flooding. Further analysis of the drivers 
of this risk is needed, but In Glasgow, this exposure is 
dominated by pluvial and fluvial risks, whilst in West 
Dunbartonshire and Renfrewshire there is a mix of 
coastal, surface water and river flooding. 

The effect of sea level rise also represents a risk to 
homes. Under a high emissions scenario, sea level 
rise in the Firth of Clyde is projected to be 0.47m 
by 2080 (Scottish Natural Heritage, 2017). As the 
sea level rises, so too do wave heights. Higher 
wave heights will also increase the impact of storm 
surges. Modelling has suggested that there are four 
areas with a relatively small number of existing 
domestic properties in Greenock and Gourock in 
Inverclyde that will be affected by average rises, 
along with indicative housing sites and development 
opportunities in Greenock. The Sea Level Rise 
Assessment does not account of factors such as 
local surface water and fluvial input, and erosion 
associated with wave activity. In addition, mapping 
only covered a limited extent of the River Clyde, 
meaning the scale of impacts identified are likely 
to be an underestimate. Going forward, land use 
spatial planning will seek to include a greater 
consideration of climate change risks in allocating 
land for development, with a view to minimising 
lock-in to future risks alongside achieving wider 
economic, social and environmental objectives.

Table 9. Numbers of homes at risk of flooding by flood source (Source: SEPA, 2015)

Source Number of homes Average Annual 
Damages (Current)

Projected homes (UKCP09 
high emissions, 2080s)

River (Clyde) 7,800 £13 million 12,000

Coastal Flooding 3,600 £5.2 million 7,500

Surface Water 11,000 £9.4 million 18,000

Total 22,400 £27.6million 37,500

Table 10. Increase in Impermeable surface areas per Local Authority (Source: ClimateXChange, 2016)

Local Authority % sealed surface area (2015) % Increase between 2008 and 2015

North Lanarkshire 10-20% 5-10%

South Lanarkshire 1-5% 5-10%

Glasgow City >20% 2-5%

Renfrewshire 10-20% 2-5%

East Renfrewshire 5-10% 10-15%

East Dunbartonshire 5-10% 0 - <2%

West Dunbartonshire 5-10% 5-10%

Inverclyde 5-10% 5-10%
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BE2: Risks to building fabric from moisture, 
wind, storms and driving rain  
 

Current / future 
level of risk

Medium

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

Risk description

Climate change is likely to accelerate damage to 
the city region’s buildings. Building fabric can be 
damaged following storms and heavy rain through 
damp and mould and the deposition of salts and 
sediments from flood water. Moist atmospheric 
conditions can also affect building fabric. During 
warmer spring and autumn weather, the moisture 
removal capacity of outdoor air may be reduced, 
which may require additional ventilation to 
adequately remove moisture produced inside 
a building. Reverse condensation, or interstitial 
condensation, may also occur when damp walls are 
heated by solar radiation to the extent that moisture 
can migrate towards the cooler interior of the 
building. This risk is related to the broad housing stock 

of the city region but specifically excludes traditional 
buildings as these are covered in BE4.

Evidence for Glasgow City Region

Currently 21,200 (2.5%) of homes across the Glasgow 
City Region are affected by rising or penetrating damp 
and 58,499 (7%) from condensation – both lower than 
the Scottish average (Scottish Government, 2017b). 
East Renfrewshire has the largest share of properties 
experiencing such problems, with 5% experiencing 
penetrating damp and 12% experiencing condensation. 
No similar data exists for non-domestic properties. 

The city region’s buildings are already susceptible to 
damage from moisture, wind and driving rain from 
extreme weather. Property in West Dunbartonshire 
was damaged during high winds over the 2011/12 
Christmas period, with other property damaged from 
falling masonry, and 76% of local residents surveyed 
saying they were affected by damage to home and 
garden (West Dunbartonshire Council, 2013). Similar 
impacts were felt in Glasgow and South Lanarkshire. 
For example, in 2002 South Lanarkshire Council 
spent £1.3m in repairs and maintenance in the same 
financial period as an result of heavy rain (South 
Lanarkshire Council, no date). However, no systematic 
data was available on future levels of risk across the 
city region, making it difficult to assess future risk 
levels or adaptation options. Similarly, no information 
was available on non-domestic buildings.

Figure 9. Percentage of properties with damp or condensation in Glasgow City Region. (Source: Scottish Government, 2017b)
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BE3: Risks to cultural heritage from landslides, 
flooding or coastal erosion  
 

Current / future 
level of risk

High

Adaptation 
shortfall

Less significant

Benefits to  
further action

No

Urgency score  Sustain current action

 
Risk description

Culturally and historically significant heritage properties 
can potentially be more vulnerable to natural hazards, 
due to their locations on coasts or rivers which 
historically acted as defences. They may also be in 
ruinous condition and may not have been wind and 
water-tight for hundreds of years. Wider cultural 
heritage may also be affected, with heritages sites and 
scheduled ancient monuments exposed to flooding 
and damage from erosion and landslides. Although 
cultural heritage is often resilient to threats like 
flooding, climate change is altering the environmental 
parameters in which they function, meaning that some 
sites are exposed to new hazards or increased risk.

Evidence for Glasgow City Region

Historic Environment Scotland have 19 properties in 
care in Glasgow City Region. These have differing 
degrees of vulnerability based on both physical 
characteristics and operational factors such as 
whether they are open to the public, the staffing 
for sites (e.g. open all year, seasonal, or closed all 
year). Of the Properties in Care in the city region, 
all 19 were assessed as medium or higher levels of 
vulnerability for landslides and groundwater flooding. 
Newark Castle in Inverclyde, Biggar Gasworks in 
South Lanarkshire and Dumbarton Castle in West 
Dunbartonshire all have High or Very High ratings 
across multiple categories.

There are also a wider range of other organisations 
that have properties of significant heritage value such 
as the National Trust for Scotland, but no information 
was found on their current vulnerability to climate 
change or weather hazards.

There are also risks to wider cultural heritage, with 248 
cultural heritage sites in the Clyde and Loch Lomond 
local plan district at risk of flooding (SEPA, 2015). This 
designation covers listed buildings (in category C, B, or 
A), gardens and designed landscapes, UNESCO World 
Heritage Sites, and Scheduled Monuments. 

Table 11. Risks to Historic Environment Scotland properties in care in Glasgow City Region  
(Source: Historic Environment Scotland, 2018a)

Risk Rating Landslides / Slope 
Instability

Groundwater 
Flooding

Fluvial 
Flooding

Pluvial 
Flooding

Coastal 
Erosion

Coastal 
Flooding

Very High 0 2 1 0 1 1

High 5 7 2 1 1 1

Medium 14 10 0 3 0 0

Low 0 0 16 15 17 17

Table 12. Cultural heritage sites at risk of flooding by source (SEPA, 2015)

Source Number Coverage

River flooding (Clyde) 24 Scheduled monuments, gardens and designed landscapes and 
listed buildings.

Coastal flooding 40 Scheduled monuments, gardens and designed landscapes, 
World Heritage Sites and listed buildings.

Surface water 184 Scheduled monuments, gardens and designed landscapes, 
battlefield sites, World Heritage sites and listed buildings

Total 248
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BE4: Risks to traditional and historic buildings 
from moisture, wind and driving rain

Current / future 
level of risk

Unknown

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

 
Risk description

The historic environment is particularly sensitive to more 
variable and extreme weather and climate change 
due to the need to employ specialist techniques for the 
maintenance and repair of properties. A lack of owner 
knowledge can also be an additional barrier, with owners 
unsure or unaware of the need for appropriate repair 
and maintenance. As well as a physical asset, traditional 
and historic buildings are important for conservation, 
given the additional cultural value. 

Evidence for Glasgow City Region

Although there is no data on the number of traditional 
(pre-1919) buildings in Scotland the number of pre-
1945 homes can be used as a proxy. According to 
the Scottish Housing Condition Survey, 31% of the 

823,000 homes in Glasgow City Region, are pre-1945. 
This is in line with the Scottish average (32%), but 
masks significant variation, with East Renfrewshire and 
Glasgow City having significantly higher percentages 
(43% and 44% respectively), Inverclyde at 33% and 
the remainder below the national average. 

There are 385 buildings on Historic Environment 
Scotland’s buildings at risk (BAR) register, with the 
largest numbers in Glasgow and South Lanarkshire. Of 
those buildings on the register, only 46 (or 12%) have 
a restoration plan in progress. The register highlights 
properties of architectural or historic merit that are 
considered to be at risk or under threat. A building at 
risk is usually a listed building, or an unlisted building 
within a conservation area that is: 

• vacant with no identified new use;
• suffering from neglect and/or poor maintenance;
• suffering from structural problems;
• fire damaged;
• unsecured and open to the elements; or
• threatened with demolition.

Some at risk buildings are listed, but some are not. 
A category of risk is assigned to buildings on the 
Register to describe the extent to which they are at 
risk. Because a building in a very poor state of repair 
may be in a stable state, the assessment of risk is not 
always directly associated with condition. Of those 
identified in the city region, 116 have been assigned 
high or critical risk categories.

Figure 10. Percentage of Pre-1945 dwellings in Glasgow City Region by Local Authority.  
(Source Scottish Government, 2017b)
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BE5: Increased maintenance of green space 
for local authorities, property managers and 
homeowners due to rising temperatures and 
severe weather

Current / future 
level of risk

Medium

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

 
Risk description

Climate change will increase maintenance 
requirements for green spaces, both directly through 
increased vegetation growth and a lack of species’ 
resilience to changing weather and climate, and also 
indirectly through the projected increased use of 
green space by people.

Evidence for Glasgow City Region

The growing season in southern Scotland is projected 
to increase by about 35 to 40 days under a medium 
emissions scenario, compared to the 1961-1990 

baseline (Scottish Cities Alliance, 2014). Parks and 
green spaces will face a range of pressures as our 
climate changes. These include replacement of 
species that are less resilient to a changing climate; 
increases in pests and diseases; greater risk of path 
erosion through water flow and pedestrian use 
(particularly on paths with mixed use); increase in 
land slippage on slopes (both of neighbouring areas 
onto paths and of paths themselves; repairs and 
maintenance following severe weather and increased 
cleaning requirements following significant periods 
of warm weather and associated increased visitors. 
The lengthened growing season will also increase the 
number of grass cuts required, with associated costs 
and CO

2
 increases (Greenspace Scotland, 2012). 

Whilst this will present challenges for owners and 
managers of green space in Glasgow City Region, 
there is limited evidence of the specifics of how this 
could change in future. West Dunbartonshire Council’s 
Local Climate Impacts Profile (West Dunbartonshire 
Council, 2013) outlines that their green space team 
have already increased the number of grass cuts 
from 14 to 18 a year. They have also noticed an 
increased prevalence of fungi on bowling greens 
and golf courses. Conversations with landscape 
architects involved in the redesign of the University 
of Strathclyde’s Rottenrow Gardens have indicated 
similar experiences. 
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Figure 11. Buildings at Risk Register by Local Authority and Risk Category (Source: Historic Environment Scotland, 2018b)
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BE6: Increased cooling demand in buildings as a 
result of rising temperatures  
 

Current / future 
level of risk

Medium

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

Risk description

Warmer winters and hotter summers will increase 
the number of days above a temperature of 18°c 
(cooling degree day – CDD), where cooling is required 
to keep buildings at a comfortable temperature. For 
buildings that have not been designed using modern 
principles (such as minimising solar gain and passive 
and natural ventilation), either retrofit of buildings 
or increased amounts of mechanical cooling and 
refrigeration may be needed to maintain comfort 
and storage. This is accompanied by an associated 
increase in carbon emissions and costs. 

Evidence for Glasgow City Region

No evidence on the number of CDD’s for Glasgow 
City Region was identified, but the historical number 
of CDD’s in Scotland are very low. Modelling to the 
end of the century suggests there will be a general 
increased occurrence, with a maximum of roughly 80 
CDD at a national level under a medium emissions 
scenario (ClimateXChange, 2015). 

Therefore, unless other interventions are undertaken, 
cooling will increasingly need to be considered in 
existing and new developments to keep buildings 
safe and comfortable, although heating will remain 
by far the dominant need under a medium emissions 
scenario. The year to year variability in CDD remains 
very large. However, the number of CDD could be 
significantly greater for individual seasons and 
locations, particularly in urban areas within the city 
region (due to the Urban Heat Island Effect) and 
when daily maximum temperatures are considered.

While there are no projections specifically for the 
Glasgow City Region, the national trend for increased 
days above 18C where cooling will be required 

indicates that retrofitting existing building stock and 
planning for cooling demand in new builds will be 
necessary to keep the built environment safe and 
comfortable as temperatures rise. Anecdotal evidence 
suggests that buildings in the city region are already 
overheating (see BE7), and no clear policies or actions 
were identified to encourage response in a way which 
does not encourage maladaptation.

BE7: Risk of overheating of buildings from 
higher temperatures and heatwaves  
 

Current / future 
level of risk

Unknown

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

Risk description

Climate change will lead to more frequent and 
intense heat waves, as well as increases in average 
temperatures across the country. The combination of 
this change, together with increased energy efficiency 
and the coincidence of the elderly, young or those 
with health conditions (such as chronic obstructive 
pulmonary disease) could increase the number of 
people affected by heat-related ill health. This is 
particularly true in buildings which house vulnerable 
populations, such as care homes and hospitals.

Evidence for Glasgow City Region

Whilst this may present a risk to Glasgow City Region, 
there is not enough evidence to provide a strong 
understanding of the overall scale of risk. However, 
early estimates suggest it is likely to be a challenge 
going forward. Early investigations have found 
overheating issues in four of five sample hospitals 
with inpatients, one of which was located in South 
Lanarkshire (ClimateXChange, 2018). Similarly, 
anecdotal conversations with both NHS Lanarkshire 
and NHS Greater Glasgow and Clyde have indicated 
they may have a wider problem. For those hospitals 
measured, zoning and control of the heating systems, 
solar gain and lack of effective natural ventilation 
were identified as the most significant and common 
contributors. 
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However, the report highlights that it may not be 
appropriate to link overheating ‘issues’ to common 
hospital archetypes, and that when considered 
alongside a lack of monitoring data, individual 
site assessments may be needed. No assessments 
relating to other building types for the city region 
were identified, but it is worth noting that similar 
issues were observed in care homes in York (Gupta et 
al., 2016). Similarly, no assessments were found that 
had assessed the vulnerability of the city region’s 
wider building stock.

Opportunities for the Built 
Environment

BE8: Opportunities for local food growing from 
warmer temperatures and increased growing 
season  
 

Current / future 
level of risk

Low

Adaptation 
shortfall

Not Scored

Benefits to  
further action

Not Scored

Urgency score  Watching brief

 

Opportunity description

Warmer temperatures, as well as the reduced 
number of frost days and longer growing season 
may combine to provide a better climate for local 
growing and community gardens and food growing, 
both in terms of increasing the attractiveness to the 
population, as well as enhancing growing conditions.

Evidence for Glasgow City Region

The growing season in southern Scotland is projected 
to increase by about 35 to 40 days under a medium 
emissions scenario, compared to the 1961-1990 
baseline (Scottish Cities Alliance, 2014).

Local growing has the potential to offset a small 
amount of the vulnerabilities to food supply from 
long, international supply chains which are more at 
risk of disruption from climate change. However the 
degree to which could occur is dependent on the 
availability of land for local food growing, planting 
and harvesting efficiency and other factors. It is 
difficult to assess the scale of such benefits due to 
a lack of information on total food consumed for 
Glasgow City Region, or the vulnerability of it to 
climate change. Local growing also has many other 
benefits, including reducing food miles, and increasing 
social cohesion and physical and mental health. Trellis 
Scotland already use food growing in a therapeutic 
manner across the city region, offering mental and 
physical benefits to people.

Table 13. Community Growing Sites in Glasgow City Region, (Source: CSGN, 2015)

Local Authority Allotments Community 
Garden

Orchard Other Grand Total

East Renfrewshire 1 1 1 1 4

Glasgow 29 20 6 2 57

Inverclyde 3 1 4

North Lanarkshire 12 3 2 17

Renfrewshire 5 4 1 10

South Lanarkshire 4 3 2 1 10

West Dunbartonshire 6 1 1 8

Grand Total 60 33 13 4 110
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Estimating the number and extent of growing spaces 
and activity in Scotland has been challenging, but 
110 sets of allotment, community garden or orchard 
sites have been identified across Glasgow City Region 
(CSGN, 2015).

However, this work is not comprehensive. Additional 
work estimates there are 431 orchard sites across 
Glasgow City Region, comprising orchards, 
community orchards and those in schools (Glasgow 
and Clyde Valley Green Network Partnership, 2018). 

In addition, recent survey work in the north of 
Glasgow as part of the Weathering Change project 
has shown that residents perceive food options in 
the area to be poor, and understand many of the 
environmental benefits from local growing where 
possible (Sniffer, 2018). 

To be successful, future approaches to growing will 
also need to address the challenges of a changing 
climate such as increased heat stress for plants 
and increased need for watering of crops, as well 
as changes in crop selection to cope with changing 
conditions.

BE9: Reduced heating demand for buildings due 
to rising temperatures  
 

Current / future 
level of risk

High

Adaptation 
shortfall

Less significant

Benefits to  
further action

Not Scored

Urgency score  Watching brief

 
Opportunity Description

Warmer winters and hotter summers will reduce the 
number of days where heating is required to heat 
buildings. This saving will reduce costs to businesses 
and individuals, with a disproportionate benefit to 
those who spend a larger proportion of their income 
on heating costs.

Evidence for Glasgow City Region

Heating degree days (HDD) are a common way of 
defining when a building will need to be heated, 
and are classified as when a temperature is below 
15.5 degrees. The reduction in demand for Scotland 
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Figure 12. Orchards, Community Orchards and School Orchards in the Glasgow City Region (Source: Glasgow and Clyde 
Valley Green Network Partnership, 2018)
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could be 23%–37% by the late 21st century under a 
medium emissions scenario (ClimateXChange, 2015). 
This is likely to be higher under a high emissions 
scenario. 

In general, the West of Scotland has fewer HDDs than 
the East or North of Scotland. Between 1961 and 
2006, the West of Scotland saw a 13% reduction in 
heating degree days (Jenkins et al, 2008). 

Such reductions in heat demand will also lead to 
associated reductions in heating costs to owners of 
domestic and non-domestic buildings, as well as a 
reduced carbon footprint. There have been some 
preliminary estimates about the kind of saving this 
could result in, with up to a 55% reduction in heating 
demand, though this is only for gas-heated properties.

Table 14. Percentage reduction in heating demand 
in West Scotland, based on CCRA results (Source, HR 
Wallingford, 2012)

Emissions 
scenario

2020s 2050s 2080s

Low p10 9% 15%

Low p50 5% 21% 28%

Central p50 15% 26% 32%

High p50 25% 31% 38%

High p90 40% 55%

Watkiss et al. (2018) also highlight that the benefits 
of falling gas use would have additional climate 
mitigation and air quality benefits. However, they also 
highlight the potential issue of rebound effects which 
would increase consumers’ disposable income, in turn 
leading to greater consumption of energy (or other 
products and services). 

Figure 13. Modelled past and projected HDD. Five-year average HDD, averaged across all ensemble members, for each 
region (coloured bars). Also shown is the range of responses in the eleven model runs, for Scotland only (grey boxes) 
(Source: ClimateXChange, 2015)
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BE10: Increased viability of electricity and heat 
from renewable energy sources 

Current / future 
level of risk

Unknown

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

Opportunity description

A changing climate has the potential to increase 
or decrease generation from renewable energy 
technologies. The precise nature of these depends on 
the changes in climate variables and the technology. 
For example, Solar Photovoltaics are reliant on solar 
radiation, wind power on wind speed and direction, 
and heat pumps on ambient air, water or ground 
temperature. For the purposes of this assessment, 
it is assumed that the significant deployment of 
renewable heat and electricity will continue as part of 
the transition to a low carbon economy.

Evidence for Glasgow City Region

Whilst no assessment was identified of the impact 
of climate change on the aggregate total effects 
on a range of renewable energy types, a changing 
climate is likely to result in a small increase in 
irradiation for Glasgow City Region. This would 
improve the overall performance of solar PV, even 
when accounting for increased cloud cover in winter 
(Burnett et al. 2014).

However, there is no other local level information on 
the effects on other types of renewables. Anecdotal 
conversations and comments from stakeholders 
have suggested there may be the potential for 
climate change to improve the performance of 
heat pumps, with the higher ambient air and water 
temperatures increasing efficiency. With regards 
to wind, some modelling suggests the UK will see 
a general decrease in wind power output of 5%, 
(Karnauskas et al., 2018) but work by Hdidouan 
and Staffell (2017) indicates that this would not be 
evenly distributed with increased energy potential 
in Scotland and Northern England.

Table 15. Annual regional solar radiation baseline resource, 2050’s and 2080s (Source: Burnett, Barbour and Harrison, 2014)

Change at 
probability level 
(Wm−2), 2050’s

Change at 
probability level 
(Wm−2), 2080’s

Region
Current baseline average 
resource (Wm−2)

Emissions 
Scenario 10% 50% 90% 10% 50% 90%

Scotland Mid 92.6

Low −2.2 1.5 5.1 −2.9 1.2 5.4

Medium −2.9 0.8 4.6 −3.5 1.1 5.8

High −2.7 1.3 5.3 −4.8 0.9 6.6

Scotland South 
and Northern 
Ireland

96.5

Low −0.9 2.6 6.1 −1.1 2.7 6.7

Medium −1.2 2.1 5.5 −1.2 2.7 6.9

High −1.1 2.7 6.6 −2.0 3.1 8.5



Technical Report

39

Overview

Improving the health of the population and 
strengthening the fabric of communities are key 
priorities for Scotland, with specific priorities of co-
ordinated action on healthy places and communities; 
early years; mental wellbeing; harmful substances; 
poverty and inequality; healthy weight and physical 
activity.

The two Health Boards within Glasgow City Region 
have plans that emphasise early intervention and 
prevention, supporting people to receive services 
and care out of hospital at home and tackling wider 
inequalities. Improving air quality also remains a 
priority for Scotland, with a number of dedicated 
plans to manage air quality in place and Glasgow 
implementing Scotland’s first Low Emission Zone by the 
end of 2018. Across the city region, communities are 
increasingly involved in local decision-making processes 
processs, shaping and inputting into organisations 
plans, to strengthen communities’ resilience for the 
long-term.

However, the health and social care services are under 
strain as the population is aging and growing. By 
2039 the proportion of the pensionable population 
in the city region will increase by 10-35%. Climate 
change is likely to be a stress multiplier of exiting 
health conditions and health inequalities and the 
actions taken to adapt to climate change will also 
have significant impacts on population health.

A number of plans and strategies support the city 
region’s aspirations (Box 5). The activities associated 
with each of these will need to be reviewed with current 
and future climate risks and opportunities in mind.

Box 5. Glasgow City Region plans and 
strategies that relate to society and health

• Air Quality Management Plans
• Clyde and Loch Lomond Flood Risk 

Management Strategy and Plan
• NHS Clinical Services Strategies
• NHS Property and Asset Management plans
• NHS Business continuity management plans 

and strategies
• NHS Board Sustainable Development Action Plans
• Local Authority Housing Strategies

Key climate related risks and 
opportunities 

Climate change will affect the health of those living in 
the city region by: 

• Impacting directly on physical and mental 
health and wellbeing as a result of flooding, 
increased summer temperatures and heatwaves. 
Flooding can result in emotional and psychological 
impacts that are more severe and longer lasting 
than physical damage to property and physical 
health. Heatwaves can result in premature death 
and illnesses, particularly affecting older and 
younger people, and exacerbate existing illnesses 
such as cardio-vascular and respiratory diseases. 
Climate change can also increase the risk of 
transmission of diseases from invasion of new 
pests and pathogens, for example Lyme disease 
invasive mosquito species. In contrast, warmer 
summers may result in greater use of parks and 
greenspace and improved health and wellbeing.

• Worsening impacts of existing air pollution 
as a result of climate-related factors, posing a risk 
to vulnerable groups like the elderly, children and 
those with chronic respiratory conditions or pre-
existing medical conditions. . 

• Increasing health inequalities with those who 
are socially disadvantaged being more likely to 
bear a greater burden in relation to health impacts 
and be at risk of benefiting least from climate 
change action. 

• Reducing the performance of health and social 
care services, including NHS estate and care 
homes by impacting on the ability to function and 
serve populations during extreme weather. This 
includes disruptions to many of the infrastructure 
services the health sector depends upon, such 
as IT and communications, water, energy, waste 
and transport, Heat waves can cause buildings to 
overheat, whilst high winds and rain can damage 
buildings. 

THEME 3 – SOCIETY AND HUMAN 
HEALTH
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• Changing the demand on NHS services and 
social services, including increasing demand 
due to extreme weather and gradual changes as 
a result of health impacts including chronic and 
acute physical and mental health conditions. 

• Reducing fuel poverty overall due to decreased 
heating needs during the winter months, reducing 
mortality and morbidity of the population and fuel 
poverty.

The key society and health related risks and opportunities 
and their urgency score are shown in Box. 6.

Next steps to creating a climate 
resilient society and health sector 

• Raise awareness of flood disadvantage and build 
understanding of how to implement processes 
which address it. 

• Reduce the impacts of poor air quality on the 
population’s health in order to reduce the additional 
risk created by climate change.

• Build awareness and preparedness for an increase 
in summer temperatures and heatwaves in the city 
region.

• Develop a more detailed assessment of the urban 
heat island effect across the city region, including 
the role of different building types, and the effects 
of low carbon retrofit in reducing or increasing risk.

• Protect NHS estates and social care against 
flooding and overheating. This includes assessing 
the risk of overheating across the estate, and 
developing plans to reduce risks of flooding to NHS 
buildings where these are already understood.

• Help communities and organisations work 
together to understand impacts of climate on 
health and wellbeing and to become more resilient 
in the face of climate change, including through 
community planning partnerships.

• Review how the various Glasgow City Region plans 
and strategies that relate to society and health 
(see Box 5) as well as national plans applied locally 
address future climate risk.

Box 6. Society and health related risks and opportunities

Ref Risk / Opportunity Description Urgency Score

Risks

SH1 Risks to people and communities from flooding and flood 
disadvantage

 Build capacity and 
understanding

SH2 Increase in summer temperatures and heatwaves leading to 
increased morbidity and mortality

 Build capacity and 
understanding

SH3 Risks to health from changes in air quality  Sustain current action

SH4 Risks to health from vector-borne pathogens  Watching brief

SH5 Risks to NHS estates due to flooding and overheating  More action needed

SH6 Risks to business continuity of health and social care from extreme 
weather

 Sustain current action

SH7 Increased patient demand on NHS services from extreme weather  Sustain current action

Opportunities

SH8 Potential benefits to health and wellbeing from reduced cold  Watching brief

SH9 Improved physical and mental health from increased use of parks and 
green space due to warmer weather

 Watching brief
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Sector context

Our health and society are the very foundation of 
our way of life in Glasgow City Region. They frame 
people’s life experiences both positively and negatively. 
And these experiences are not uniform. Our diverse 
communities have different priorities, challenges 
and areas of need for action. We have communities 
of geography, but also identity. The socio-economic 
factors which make up our communities also influence 
who is able to participate, and who benefits from 
action. Increasingly, we are finding new ways for 
communities to be involved in the development of 
the places where people live, work and play. The 
Community Empowerment (Scotland) Act 2015 is a 
significant milestone, giving communities a voice in the 
planning and delivery of the services that they rely on.

Our health services work in a similar way – we all 
turn to them in times of need and to support us to 
active, healthy lives but with different individual 
needs. But our health services are also under strain 
as the population is aging and growing. By 2039 
the proportion of the pensionable population in the 
city region will increase by 10-35% (NRS, 2017). The 
rising costs and rising demands of these demographic 
changes present challenges to ensure that the health 
needs of the Glasgow City Region can be met (Audit 
Scotland 2016, 2017). Finding ways to address these 
challenges are crucial to ensuring society and health 
services are fair, equitable and cost effective.

National Priorities

Improving both the health of the population and 
strengthening the fabric of our communities are 
a key priority for Scottish Government, with both 
the National Performance Framework and the 
Sustainable Development Goals containing relevant 
outcomes (see Table 17).

Within this broad spectrum, the three key areas of 
focus are integrating health and social care, improving 
public health and empowering communities.

The Health and Social Care Delivery Plan (Scottish 
Government, 2016a) underlines the importance 
of integration of health and social care to improve 
services. It also sets out a more detailed vision of 
what health and social care partners are attempting 
to achieve by integrating health and social care 
through the National Health and Wellbeing Outcomes 
(Scottish Government, 2017f). 

In terms of public health, the Scottish Government 
and COSLA (Convention of Scottish Local Authorities) 
(Scottish Government and COSLA, 2018) have set 
joint priorities for Scotland, reflecting a consensus 
for co-ordinated action on healthy places and 
communities, early years, mental wellbeing, harmful 
substances, poverty and inequality, healthy weight 
and physical activity. Alongside, there is also a focus 
on air quality, with Scottish Government aiming to 
“protect and enhance health, wellbeing, environment, 
placemaking and sustainable economic growth 
through improved air quality across Scotland” 
(Scottish Government, 2015c).

Across all areas of practice, there is an increasing 
focus on health inequalities, which encompasses 
the unjust and avoidable differences in people’s 
health across the population and between specific 
population groups (NHS Health Scotland, 2015).  

Table 16. National Outcomes and Sustainable 

Development Goals relating to Society and Health

National Performance 
Framework outcomes

Sustainable 
Development 
Goals

 We grow up loved, safe and 
respected so that we realise 
our full potential

 We live in communities that 
are inclusive, empowered, 
resilient and safe

 We have a globally 
competitive, entrepreneurial, 
inclusive and sustainable 
economy

 We are healthy and active

 We tackle poverty by sharing 
opportunities, wealth and 
power more equally
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In recent years NHS Scotland has focused on how a 
human rights-based approach could underpin public 
service reform and health and social care delivery 
(NHS Health Scotland, 2017).

Finally, there is an increasing emphasis on involving 
communities in decision making and enabling 
communities to act for themselves. A number of national 
policies and strategies support this ambition, including: 

• Community Empowerment Act 2015 – new 
rules about community planning, with community 
planning partners making Local Outcome 
Improvement Plans for local areas which may 
have differing needs. The Act also requires 
public bodies to work with communities to make 
sure their services address community needs, 
creates community rights to buy land, increases 
the provision of allotments and encourages 
participation in public decision-making.

• Reform of the Planning system – The ongoing 
reforms include aspirations to improve the system 
of development planning, giving people a greater 
say in the future of their places and support 
delivery of planned development. 

• Placemaking and the Place Standard – The 
Place Standard tool provides a simple framework 
to structure conversations about place, including 
physical elements of a place (for example its 
buildings, spaces, and transport links) as well as 
the social aspects (for example whether people 
feel they have a say in decision making).

• The Scottish Government Resilient Communities 
team aim to ensure communities, individuals and 
organisations are harnessing resources and expertise 
to help themselves assess and understand risk, and 
take appropriate measures to prevent, prepare 
for, respond to and recover from emergencies, in a 
way that complements the work of the emergency 
responders (Scottish Government, 2017g). 

Glasgow City Region priorities 

The health services in Glasgow City Region are 
covered by two Health Boards – NHS Greater Glasgow 
and Clyde and NHS Lanarkshire. Their Local Delivery 
Plans (NHS Greater Glasgow and Clyde, 2016, NHS 
Lanarkshire, 2017a) set out the local priorities for 
healthcare delivery, in consultation with the Health 
and Social Care partnerships: 

Table 17. NHS Board Local Delivery Plan Priorities for 

Glasgow City Region (Sources: NHS Greater Glasgow and 

Clyde, 2016, NHS Lanarkshire, 2017a)

NHS Greater Glasgow 
and Clyde (2016/17)

NHS Lanarkshire – 
2017/18

Early Intervention and 
preventing ill health

Shifting the balance of 
care 

Reshaping care for older 
people 

Improving quality, 
efficiency and 
effectiveness 

Tackling inequalities.

Lanarkshire’s response 
to the national health 
and social care delivery 
planning

Workforce Planning

Safe Care

Person-centred care 

to improve palliative 
care and supported end 
of life services.

Both plans have an emphasis on early intervention 
and prevention, supporting people to receive 
services and care out of hospital, and tackling wider 
inequalities. In this context, the key intersection is 
between health inequalities, health and healthy life 
expectancy, and the effect that climate change has 
on both people’s health and life chances.

Improving air quality remains a priority for the wider 
population in Glasgow City Region, with North 
Lanarkshire, South Lanarkshire and Glasgow having 
dedicated plans in place to manage air quality. In 
addition, Glasgow is seeking to implement Scotland’s 
first Low Emission Zone (LEZ) by the end of 2018. 
The City also recognises that addressing air quality 
contributes to the broader objectives of lowering 
vehicle emissions and promoting active travel, thereby 
improving liveability and supporting a vibrant and 
thriving city centre offer to residents, visitors, business 
and tourists.

Across the city region, communities are beginning 
to be included in local decision-making processes 
and are creating opportunities to shape their own 
priorities. Engaging communities in shaping the 
future of their neighbourhoods, towns and cities 
helps to build lasting resilience to future challenges. 
One mechanism for doing this is through Community 
Planning Partnerships, of which there are eight in the 
Glasgow City Region. Each partnership is responsible 
for developing a Local Outcomes Improvement Plan, 
which priorities for their area. In addition, they may 
also produce locality plans. These cover smaller areas 
within the local authority area, focusing on those 
which benefit most from improvement. 
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Climate change risks to society  
and human health 

SH1: Risks to people and communities from 
flooding and flood disadvantage

Current / future 
level of risk

High

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

 
Risk Description 

Flooding and associated disruption can have 
severe and long-lasting social and health impacts. 
Often the emotional and psychological impacts 
can be more severe and long lasting than physical 
damage to property, lives and health. The exposure 

to, and impacts of flooding are not uniformly felt 
across communities. Flood impacts are a product 
of socio-economic circumstances, with some 
areas, communities and individuals being more 
disadvantaged than others. This inequality is likely 
to be exacerbated as climate change increases the 
occurrence and severity of flooding events in the city 
region.

Evidence for Glasgow City Region

Climate Ready Clyde’s assessment of SEPA’s 
Potentially Vulnerable Areas (PVAs) which cover 
Glasgow City Region identifies 65,250 people at risk 
from a 1 in 200-year flood event, though these figures 
do not include an uplift for climate change (Climate 
Ready Clyde, 2018a). 

Whilst the built environment chapter highlights the 
risks to properties from flooding, there are a range of 
wider social impacts (Knox and England, 2015, Miller 
et al., 2012). These include lack of access to services, 
loss of school and work days, and mental health 
challenges.

Figure 14. Flood Disadvantage in Scotland outputs for Glasgow City Region (All flooding – 1 in 200 plus climate change). 
(Source: Scottish Government, 2015d)
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Figure 15. Left – Fluvial, Right – Pluvial and Coastal. From top to bottom, present day, and 2050s for 2-degree and 
4-degree pathways, (Source: Sayers et al., 2017)
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Figure 16. Comparison of social vulnerability to flooding in Glasgow City Region (Left), and Neighbourhood Flood 
Vulnerability Index (right) (Sources: Scottish Government, 2015d, Sayers et al. 2017).
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All income groups are at risk of adverse consequences. 
Longitudinal suggest that flooding has adverse effects 
on mental health and wellbeing, mainly relating to 
common mental conditions (i.e. anxiety and depression) 
and measurable post-traumatic stress syndrome (Waite 
et al, 2017). Within this, there are strong social and 
health inequalities with greater psychological impact of 
flooding being experienced by poorer communities, and 
amongst children, women and older people.

Data on flood disadvantage in the city region show 
there are significant areas with higher than average 
levels of flood disadvantage compared to the rest 
of Scotland along the banks of the Clyde, from 
Glasgow out to Inverclyde and West Dunbartonshire 
(Scottish Government, 2015d). There are also 
pockets in Renfrewshire, North Lanarkshire and East 
Dunbartonshire. 

Glasgow has extremely high flood disadvantage 
from all sources, with West Dunbartonshire having 
the highest disadvantage across the city region for 
coastal flooding. One-third of the acutely/extremely 
disadvantaged data zones in relation to surface 
water flooding are in Glasgow (Scottish Government, 
2015d). Sayers et al. (2017) also find that at a local 
authority level, 6 of the 8 within the Glasgow City 

Region, (excluding East Renfrewshire and East 
Dunbartonshire) are in the top 66 in terms of flood 
disadvantage, out of a total of 380 local authorities. 

This range of disadvantage is projected to persist 
and even worsen under 2 degrees or 4 degrees of 
warming through to the 2050s when accounting for 
estimates of population projections and future levels 
of adaptation (Sayers et al., 2017).

Social vulnerability is a key component of 
this disadvantage, with socially vulnerable 
neighbourhoods are over-represented in areas prone 
to flooding (all sources), but most significantly in areas 
prone to coastal (and tidal) flooding (Sayers et al., 
2017). Glasgow is identified as one of the ten local 
authorities (in the UK) where the most vulnerable 
neighbourhoods are located, making it one of the ten 
most flood disadvantaged local authorities in UK. 

An assessment of the extent to which Glasgow City 
Region’s current flood policy framework accounts for 
social justice highlighted good practice underway in 
four areas of the city region’s policy approach (See 
Table 19) (Cotton, 2017). These relate to effectiveness 
and efficiency, but highlight further work is required 
on issues of equity and legitimacy.

Table 18. Grading of current socially-just adaptation efforts in Glasgow City Region (Source: Cotton, I., 2017).

Socially just principles Successful criteria 
for adaptation

Extent of consideration 
in Glasgow City Region

Taking into account current and future climate change impacts Effectiveness Evidence of consideration

Understanding the different factors that contribute to vulnerability Effectiveness Evidence of consideration

Developing responses which build adaptive capacity, support 
adaptation actions and consider both physical infrastructure 
and service delivery 

Efficiency
Evidence of consideration

Considering and assessing all adaptation options to ensure the 
most beneficial are taken forward 

Efficiency
Evidence of consideration

Identifying the distribution of vulnerable groups likely to be 
affected and recognising that vulnerability is dynamic and 
changes over time 

Equity
Some evidence

Assessing the potential adverse implications of climate change 
for vulnerable groups and identifying targeted adaptation 
actions to address vulnerability 

Equity
Not considered

Involving the communities most likely to be affected in 
developing and delivering plans and activities related to 
adaptation, and supporting community resilience longer term 

Legitimacy
Some evidence

Being aware of the trade-offs that can arise in striving to 
achieve socially just adaptation and minimising the negative 
impacts for vulnerable communities as far as possible 

Legitimacy
Not considered
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SH2: Increase in summer temperatures and 
heatwaves leading to increased morbidity and 
mortality

Current / future 
level of risk

Medium

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

 
Risk Description 

Higher summer temperatures and heatwaves are 
associated with premature deaths and illnesses. 
These can affect older and younger people, and 
exacerbate existing illnesses such as cardio-vascular 
and respiratory diseases. These tend to increase 
above a temperature threshold, with the threshold 
and rate of increase varying between regions. The 
built environment can also play a contributory role, 
with urbanised areas more at risk as they retain more 
heat, and certain building types at greater risk of 
overheating.

Evidence for the Glasgow City Region

Local Authority results from the Scottish Health Survey 
(Scottish Government, 2017h) provide limited data 
for Glasgow City Region, but shows it has similar 
levels of prevalence of cardiovascular illness to the 
rest of Scotland (around 15% of all adults). In the July 
2013 heat wave, there were heightened number of 
individuals with heatstroke and severe sunburn seeking 
medical assistance (Glasgow City Council, 2017). 

There is a strong distributional factor to heat impacts. 
Health impacts are disproportionately high for 
vulnerable groups (the elderly, those with existing health 
conditions, socially deprived), due to a combination of 
exposure, sensitivity and adaptive capacity, including 
support networks (Lindley et al., 2011). Children are 
also more vulnerable to heat. By 2039 the proportion 
of the pensionable population in the city region will 
increase by 10-35% in the pensionable age population, 
though only East Renfrewshire, Glasgow City and East 
Dunbartonshire are projected to see increases in the 
percentage of children aged 0-15 (National Records of 
Scotland, 2017).

Similar to flood disadvantage, Glasgow City Region 
has high levels of social vulnerability to heat, 
particularly in Glasgow and West Dunbartonshire, as 
well as Inverclyde and North Lanarkshire (Lindley et 
al., 2011).  

Table 19. Social vulnerability to heat rankings for Glasgow 
City Region Authorities (Source: Lindley et al. 2011)

Local 
Authority

Mean heat 
vulnerability

Neighbourhood 
Weighted Heat 

Vulnerability

East 
Dunbartonshire

Low Low

East 
Renfrewshire

Low Low

Glasgow City High High

Inverclyde High High

North 
Lanarkshire

High High

Renfrewshire Medium-Low Medium-Low

South 
Lanarkshire

Medium-Low Low

West 
Dunbartonshire

High High

In terms of how this could translate into morbidity 
and mortality, the CCRA1 (HRW, 2012, Hames and 
Vardoulakis, 2012) estimated additional morbidity 
impacts by region:

 
Table 20. Estimate of the number of additional fatalities 
per annum for Glasgow region including population 

growth (Source: HR Wallingford, 2012)

Emissions 
scenarios

2020s 2050s 2080s

Low 12 27 43

Central 28 57 94

High 50 108 185

The UK Climate Change Risk Assessment estimates 
were updated in a later study (Hajat et al, 2014). 
This suggests that climate change in Scotland could 
potentially result in a 520% increase in heat related 
deaths by the 2080s under a medium emissions 
scenario – though this is small in real terms (rising 
from 0.7 per 100,000 population to 4.4 per 100,000 
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population). They also find heat risks increased with 
age groups, with the greatest risks by far occurring in 
those above 75 and especially above 85 years. The 
Hajat et al study numbers of premature mortality 
cases per year for Scotland are in line with the CCRA 
estimates in the table (Watkiss et al., 2018).

In addition to these fatalities, heat (and extreme 
heat) is linked with a range of other health impacts 
(morbidity). Previous studies (e.g. HR Wallingford, 
2012, Hames and Vardoulakis, 2012) have estimated 
these additional morbidity impacts by correlating to 
heat related mortality based on earlier studies, with 
the effect of increasing hospital patient days (hospital 
admissions as a result of heat related illnesses), 
though these are only indicative. 

Table 21. Estimate of health morbidity from heat 
for Glasgow region (based on HRW, 2012) including 
population growth. (Source: HR Wallingford, 2012)

Numbers of patient days from heat/year

Emissions 
scenarios

2020s 2050s 2080s

Low 1,216 2,718 4,414

Central 2,827 5,782 9,585

High 5,107 11,017 18,884

These results do not fully include the effects of 
heat waves, and they do not factor in the higher 
risks of the urban heat island effect or the effect of 
different building types, which would increase the 
values above. However, the difference of night time 
temperatures between urban and rural areas of 
Glasgow City Region in summer 2011 being around 2 
degrees (RAMSES, 2017). The figures for morbidity do 
not include acclimatisation, which could significantly 
reduce the values. 

Recent internal analysis by Health Protection Scotland 
of deaths in Scotland from 1981 to 2016 found 
that impact of mean annual ambient temperature 
increase is more likely to be beneficial in overall 
mortality impact than negative in Scotland. Health 
Protection Scotland’s view is currently that the 
net impact of mean annual ambient temperature 
increase would therefore be more likely to be 
beneficial in overall mortality impact than negative 
in Scotland. (Ramsay, 2018). Similarly, heat-specific 
illness admission rates in Scotland are currently 
minimal, whilst only hospital admissions for COPD 
show a weaker trend to increase (Ramsay, 2018). 

SH3: Risks to health from changes in air quality

Current / future 
level of risk

Medium

Adaptation 
shortfall

Less significant

Benefits to  
further action

Not Scored

Urgency score  Sustain current action

 
Risk Description 

Certain weather patterns associated with climate 
change such as heatwaves and stagnation events 
may exacerbate poor air quality. Increases in the 
levels of ozone, nitrogen dioxide and nitrogen oxides 
and particulate matter concentrations can all have 
negative impacts on human health. Those with chronic 
respiratory conditions, such as asthma and chronic 
obstructive pulmonary disease are especially vulnerable. 

Evidence for Glasgow City Region

Impacts of climate change on concentrations of 
ozone and particulate matter have been assessed in 
European and UK studies (e.g. Lacressonnière et al., 
2014). In summer, all models predict an increase in 
ozone in most of Europe, but in winter the uncertainty 
on the sign of change is high. For particulate matter, 
changes due to climate change are uncertain, but 
impacts/benefits could potentially be important. 

Pollution episodes can be a particular problem during 
heat waves. There is local experience from media 
reports highlighting that higher temperatures in 
Glasgow affected those with asthma and hay fever 
sufferers (Glasgow City Council, 2017). However, 
Doherty et al. (2015) highlight that the emission of 
pollutants is likely to outweigh the impacts of physical 
climate change, indicating that improving air quality 
is the most effective way to address this risk.

There are 16 designated Air Quality Management 
areas in place across Glasgow City Region – covering 
particular areas in Glasgow, North Lanarkshire, 
Renfrewshire and South Lanarkshire. In each case, 
the Local Authority has a plan in place with actions 
designed to reduce overall exposure to key pollutants.

In 2015 and 2016, Glasgow City Region had a higher 
rate of asthma and COPD sufferers than the Scottish 
average (NHS National Services Scotland 2018). This 
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is taken to be broadly representative, however it only 
covers primary care (day-to-day healthcare available 
in every local area and the place people go first 
when they need health advice or treatment) and not 
secondary such as hospital treatments.

It is widely acknowledged that Glasgow City Region 
already has air quality issues. In 2010, air pollution 
estimated to have an effect on mortality risks 
equivalent to the effects of to 800 attributable 
deaths, equivalent to 8,674 life years lost for those 
over 25 in Glasgow City Region (Public Health 
England, 2014). The majority of these were in 
Glasgow, North Lanarkshire and South Lanarkshire. 
More recently, work by Health Protection Scotland 
(2018) has focused on updating this set of 
information which shows that nationally PM2.5 levels 
reduced by 22% between 2010 and 2016, and that 
the total number of attributable deaths in the city 
region has dropped to around 600 a year. 

At the levels experienced in Scotland now, air 
pollution is very unlikely to be the main cause of 
death in any individual (Health Protection Scotland, 
2018). However, it is likely that air pollution will 
shorten people’s overall life expectancy by a period 
of months, or more for those who already have heart 
(cardiovascular) or lung (respiratory) disease. This 
information points to further steady reductions in 
anthropogenic air pollution, especially associated with 
decarbonising road transport. (Ramsay, 2018). 

Figure 18. Estimated attributable deaths for adults over 25 due to PM2.5 in Glasgow City Region by Local Authority: 
Source: (Health Protection Scotland, 2018)
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Figure 17. Prevalence of COPD and Asthma for Glasgow City 
Region. (Source: NHS National Services Scotland, 2018)

 Greater Glasgow and Clyde          Lanarkshire          National

COPD Asthma

7

6

5

4

3

2

1

0

Table 22. Distribution of AQMAs for Glasgow City Region

Local Authority No. of AQMAs

East Dunbartonshire 3

Glasgow City 3

North Lanarkshire 4

Renfrewshire 3

South Lanarkshire 3

Total 16
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SH4: Risks to health from vector-borne 
pathogens

Current / future 
level of risk

Low

Adaptation 
shortfall

Not Scored

Benefits to  
further action

Not Scored

Urgency score  Watching brief

 
Risk Description 

Climate change may make Scotland a more supportive 
environment for a range of pests and pathogens. 
Changes may occur in the incidence of Lyme disease, 
the only vector-borne disease established in UK, but it 
is closely determined by the incidence of infected ticks. 
This in turn depends on many factors including land 
use patterns, livestock rearing, deer herd management 
and use of open space by people for recreational 
activities. Higher temperatures will increase the 
suitability of UK’s climate for invasive mosquito species. 
This may lead to the introduction of new vector-borne 
diseases to the Glasgow City Region, such as West Nile 
Virus disease, dengue, malaria, Chikungunya, Zika and 
other arboviruses, but this is more likely an issue for 
more southern parts of the UK. 

Evidence for Glasgow City Region

There was no specific evidence identified for Glasgow 
City Region for this risk. Currently the incidence of Lyme 
disease is low in Scotland. The number of cases of Lyme 
disease in Scotland remained low from 1996 (n=27) 
until 2003 (n=52) but then rose steadily to a peak of 
440 cases in 2010 (Mavin et al., 2015). Reported cases 
of Lyme diseases are on the rise, but this is due to many 
interrelated factors and the impact of climate change 
specifically is unclear. One study undertaken as part of 
the IMPRESSIONS project (Li et al., 2016) suggested 
that climate warming was predicted to contribute to a 
greater frequency of tick–host contact and, therefore, 
greater chance for pathogen transmission, but 
recognised that social factors shaping the pattern of 
land use for human outdoor are likely to highly influence 
the disease pattern. 

However, correspondence with Health Protection 
Scotland indicates their view is that the likelihood that 
climate change of the scale predicted in Scotland 

will have a significant impact on Lyme disease is 
highly uncertain. Likewise, the risk that new vector 
borne diseases will become established in Scotland is 
considered to be very low. Disease carrying species of 
mosquitoes are not predicted to have a realistic chance 
of surviving and becoming endemic. (Ramsay, 2018). 

There is a possibility that significant climate change 
might act as a contributory factor to an increase in 
the incidence of ticks across Scotland but as explained 
above, tick ecology is complex and not as entirely 
dependent on climate variation. Discussions with 
Health Protection Scotland indicate that they believe 
the risk to Glasgow City Region to be low, with any 
change in incidence of disease-bearing ticks creating 
an increased risk of exposure in rural areas rather than 
urban locations. Whilst they acknowledge that issues 
such as malaria could be a risk for parts of South East 
England in future, Scotland is unlikely to be affected.

SH5: Risks to functioning of NHS estates due to 
flooding and overheating

Current / future 
level of risk

Medium

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  More action needed

 
Risk Description 

The ability of NHS estates to function and serve 
populations during extreme weather depends on its 
preparedness to operate. Business continuity is an 
important element of this, but the NHS estate must 
also be robust in itself, particularly to manage the risk 
of overheating during high temperatures and minimise 
the impact flooding on health service delivery. 

Evidence for Glasgow City Region

SEPA’s assessment of flood risk to community buildings 
identifies that over 60 community facilities (including 
healthcare and emergency facilities) at risk of surface 
water flooding, with 10 at risk of river flooding and less 
than ten at risk of coastal flooding (SEPA, 2015). However, 
the aggregated nature of this information makes it 
challenging to understand the degree to which the NHS 
estate is exposed.
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The NHS’ own assessment shows that 6 of the 23 
hospitals are at medium to high risk of a 1 in 200-
year surface water flooding event in the 2080s (NHS 
Health Facilities Scotland, 2016), whilst 2 sites in 
NHS Greater Glasgow and Clyde area are also at 
risk of medium-high risk of river flooding. However, 
this should be caveated by highlighting that this is 
an indicative national assessment of 250 sites (out 
of over 400 nationally), and does not reflect the full 
range of building stock controlled by the Boards. 
Furthermore, individual site-specific surveys will be 
needed to more accurately quantify the levels of risk.

The other long-term challenge relates to overheating 
of buildings. The Climate Change Impacts 
Assessments for NHS Greater Glasgow and Clyde 
and NHS Lanarkshire identified the potential for 
heatwaves to cause hospital buildings and homes 
to overheat (NHS Health Scotland, 2016). Although 
covered in more detail in the Built Environment 
chapter (see risk BE7), there is strong evidence of 
overheating in some hospitals already, due to zoning 
and control of the heating systems, solar gain and 
lack of effective natural ventilation (ClimateXChange, 
2018). This risk may also extend to wider NHS 
assets, such as GP practices. This issue was raised 
in conversations with estates teams around their 
own experiences, and no strategic assessment of 
overheating risks to all assets has been undertaken.

In addition, NHS Greater Glasgow and Clyde property 
and asset management strategy (NHS Greater 
Glasgow and Clyde, 2015) does not include any 

reference to the future impacts of climate change 
on the built estate, or current exposure to climate 
hazards. NHS Lanarkshire’s Property and Asset 
Management Strategy (NHS Lanarkshire, 2017b), 
acknowledges the issue but does not set out proposed 
actions to integrate consideration of climate risk as 
part of the ongoing asset management approach. 

SH6: Risks to business continuity of health and 
social care system from extreme weather

Current / future 
level of risk

Medium

Adaptation 
shortfall

Less significant

Benefits to  
further action

Not Scored

Urgency score  Sustain current action

 
Risk Description 

Extreme weather events such as flooding, heatwaves, 
snow and storms can affect the business continuity 
of health and social care, with the potential to disrupt 
many of the infrastructure services the health sector 
depends upon, such as IT and communications, 
water, energy, waste and transport. These can in turn 
affect service provision. The longer-term preparedness 
of assets, supply chains and services also play into the 
overall disruption.

Figure 19. Summary of NHS site flood risk assessments in Glasgow City Region to 2080 (Source: NHS Health Facilities 
Scotland, 2016).
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Evidence for Glasgow City Region

Cold, snow and ice-related disruptions are likely to 
decrease from climate change, although severe 
cold spells will still occur. The city region is not new 
to experiencing and managing these events, but 
they do impact on health and social care services. 
Climate change will increase the variability and 
unpredictability of extreme cold events, making good 
planning a priority. 

In West Dunbartonshire, past weather events have 
made it difficult for service providers to access clients. 
Some staff from the former Community Health and 
Care Partnership have struggled to access clients 
who require hot meal deliveries or medical visits. 
Difficulty moving throughout the region to continue 
service delivery during extreme weather has resulted 
in changes, including increased flexible local working 
and the purchase new equipment such as laptop 
notebooks to store the contact details of staff and 
the relations of clients, as well as a 4x4 allow staff to 
access clients in rural locations (West Dunbartonshire 
Council, 2013). These are not isolated incidents, as 
a review of other LCLIPs highlight (Glasgow City 
Council, 2017).

The West of Scotland Regional Resilience 
Partnership’s Community Risk Register (West of 
Scotland Regional Resilience Partnership, 2018) 
already recognises that civil contingencies planners 
need planned responses to both severe weather and 
flooding. NHS Lanarkshire’s self-assessment highlights 
that debriefs are used to inform planning, with 
debriefs held from the snow events in January and 
March 2018 (NHS Lanarkshire, 2018).

SH7: Increased patient demand on NHS services 
from extreme weather 

Current / future 
level of risk

Medium

Adaptation 
shortfall

Less significant

Benefits to  
further action

Not Scored

Urgency score  Sustain current action

 

Risk Description 

The increased frequency and severity of extreme 
weather and gradual climate change will, along 
with an aging population, create increased demand 
on NHS services and social services. This increased 
demand will be through both gradual climate change 
and during extreme weather events. It includes 
chronic and acute physical and mental health 
conditions, increased admissions, longer bed stays, 
and theatre requirements. Heavy rain and flooding 
can potentially increase mental health incidences and 
can result in injuries and deaths, and cold weather can 
increase admissions for slips, trips and falls. Flooding 
also increases self-reported illnesses, particularly 
relating to skin, respiratory and gastro-intestinal 
conditions. 

Evidence for Glasgow City Region

Current patient demand on NHS services arises from 
extremes of high winds, snow and ice, floods, cold 
weather. The relative change in these events will 
determine the potential size of changing demand 
under climate change, noting some will increase 
and others decrease. Injuries and admittances 
from floods, and potentially high winds, are likely to 
increase in line with the number and size of events, 
whereas those from cold weather, ice and snow will 
decrease.

During any kind of extreme weather, demand for 
health services increases. Increased demand, coupled 
with disruptions to transport, can strain NHS services 
by making it difficult for patients and staff to access 
health facilities, and for care staff to visit people’s 
homes (Kovats, 2015). Both Climate Change Impact 
Assessments for NHS Lanarkshire and NHS Greater 
Glasgow and Clyde (NHS Facilities Scotland, 2016) set 
out a wide range of possible ways in extreme weather 
could increase patient demand, as well as vulnerable 
communities more generally. 

The need to adapt to these changes is recognised by 
NHS Lanarkshire, (NHS Lanarkshire, 2018) who have 
identified the need to build these considerations into 
a Clinical Strategy, as well as the need to work with 
procurement to build adaptation measures into future 
contracts. 
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Climate change opportunities for 
society and health

SH8: Potential benefits to health and wellbeing 
from reduced cold

Current / future 
level of risk

High

Adaptation 
shortfall

Less significant

Benefits to  
further action

Not Scored

Urgency score  Watching brief

 
Opportunity description

Milder winters and less extreme cold temperatures 
will bring associated reductions to mortality and 
morbidity of the population. Health gains will be 
affected by efforts on energy efficiency and tackling 
fuel poverty, as well as individual weather events. 
It is expected that milder winters will result in lower 
numbers of cold-related fatalities and hospital 
admissions and reduced fuel poverty overall.

Evidence for Glasgow City Region

In 2015-16, Glasgow City Region experienced 920 
excess winter deaths (National Records of Scotland, 
2016), with the largest numbers in South Lanarkshire 
and Glasgow. However, a review of data back to 
2006-07 shows no discernible pattern with figures 

being affected by a wide range of variables, such as 
health conditions, building stock, as well as weather. 

Milder winters due to climate change are likely to 
reduce the risk of cold-related deaths but this will 
be offset to an extent by the increase in the older 
population and the effects of the number of hot 
days. Accounting for climate change and population 
growth, modelling by Hajat et al. (2014) suggests that 
the rate of deaths will reduce from 55 per 100,000 
in the 2000’s to 31.2 per 100,000 population in 
Scotland in the 2080s. 

In addition to effects on mortality and morbidity, 
there are also likely to be financial benefits for those 
in fuel poverty as rising temperatures reduce the 
demand for heating. Poor quality housing (resulting 
in cold homes) is a factor in cold related mortality and 
morbidity. Milder winters are expected to generate 
a disproportionate benefit to these households, with 
reduced heat demands for buildings freeing up a 
greater proportion of income for other activity. These 
changes are estimated in more detail in the built 
environment theme.

According to the Scottish Housing Condition Survey 
between 25-30% of homes in Glasgow City Region are 
in fuel poverty, which occurs when heating costs over 
10% of total household income (Scottish Government, 
2017b). However, all except Inverclyde are below the 
Scottish average of 34%. When extreme fuel poverty 
is considered (where fuel costs exceed 20% of income), 
Glasgow City, East Renfrewshire, Inverclyde and 
Renfrewshire all come near the Scottish average of 

Figure 20. Mean estimates of cold-related deaths in Scotland per year per 100,000 population  
(n.b. bars show minimum and maximum). (Source: Hajat et al., 2014)
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9%. This suggests that Inverclyde, East Renfrewshire, 
Glasgow City and Renfrewshire may benefit slightly 
more than other areas.

Climate Change Impact Assessments for both 
NHS Lanarkshire and NHS Greater Glasgow and 
Clyde (NHS Health Facilities Scotland, 2016) have 
highlighted that warmer temperatures may also offer 
opportunities to increase outdoor physical activities 
to reduce the number of individuals who are obese 
or overweight. This is particularly relevant for North 
and South Lanarkshire, where there are high levels of 
adults who are overweight (65%) or obese (28%).

SH9: Improved physical and mental health from 
increased use of parks and green space due to 
warmer weather

Current / future 
level of risk

Unknown

Adaptation 
shortfall

Less significant

Benefits to  
further action

Not Scored

Urgency score  Watching brief

 
Opportunity description

Green space is a key determinant of health, providing 
good opportunities for physical activity such as fitness 
and exercise, as well as supporting and improving mental 
health (UK National Ecosystem Assessment, 2011). 
Warmer temperatures will increase the attractiveness 

of accessing parks and green space, presenting 
opportunities to increase the benefits currently offered. 

Evidence for Glasgow City Region

Taking advantages of the better weather presents 
opportunities to address wider public health issues and 
health inequalities such as obesity, and preventative 
effect on mental health by reducing mental 
illnesses. NHS Health Scotland already advocates 
the increase of local green space as a way to reduce 
health inequalities, and NHS climate change impact 
assessments also highlight that green space can 
improve patient recovery time (NHS Health Facilities 
Scotland, 2016). All such benefits provide a stronger 
rationale for public investment in green space.

Glasgow City Council’s Local Climate Impact Profile 
(Glasgow City Council, 2017) already shows an 
increased use of public spaces in Glasgow during 
periods of higher temperatures, suggesting this will be 
similar around the city region and into the future.

Some local authorities already recognise the 
beneficial impact of well designed and implemented 
green infrastructure both in terms of placemaking and 
public health, and have developed supplementary 
planning guidance to reflect this.

Access to blue spaces may have similar beneficial 
impacts on physical and mental wellbeing. A warmer 
climate may increase access to and use of blue 
spaces, which can benefit mental health, general 
wellbeing and physical activity. 

Figure 21. Percentage of fuel poor and extreme fuel poor households for Glasgow City Region by Local Authority (Source: 
Scottish Government, 2017b)
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Overview 

The Glasgow City Region contains a variety of 
landscapes and habitats in a fairly small area. These 
include urban green spaces, productive landscapes 
such as farmland and forestry, semi-natural 
moorlands and uplands, internationally important 
peatland areas and native woodlands. These 
landscapes, and the natural environment as a whole, 
provide the region with the stock of natural assets, 
or natural capital, that it needs in order to derive an 
array of benefits. These range from the provision of 
food and fuel, to the maintenance of a clean water 
supply and protection from storms and floods. Each 
landscapes and the ecosystems it supports, is making 
its own contribution to the wellbeing and prosperity 
of the region, and each of them faces its own threats 
as a result of climate change.

We are already feeling the effects of climate change 
in the form of rising air and water temperatures, as 
well as more erratic and extreme weather events. 
These environmental changes interact with each 
other, and with existing management pressures, 
weakening our natural systems and compromising 
their ability to continue supporting us.

Across the city region, there are a number of 
ambitions to protect our natural environment and 
enable it to adapt to the changing climate, so that 
our stock of natural capital remains high, and we 
can continue to derive benefit from it. The activities 
associated with each of these will need to be 
reviewed with current and future climate risks and 
opportunities in mind.

Box 7: Key plans and strategies for the 
natural environment in Glasgow City Region

• Scotland’s Land Use Strategy 2016 – 2021 
• 2020 Challenge for Scotland’s Biodiversity: 

A strategy for the conservation and 
enhancement of biodiversity in Scotland 

• Local Authority Biodiversity Action Plans
• Regional Marine Plan (Forthcoming)
• Clydeplan Forestry and Woodland Strategy 
• Clyde and Loch Lomond Flood Risk 

Management Strategy

Key climate related risks and 
opportunities 

Climate change will affect the city region’s natural 
environment in a number of ways: 

• Depleting soil stock and impairing soil function 
due to changes in temperature and water 
regime. Warmer temperatures, water logging 
and high river flows may lead to reductions in soil 
organic matter (SOM) and soil structural integrity. 
This may reduce productivity (forestry and 
agriculture) and increase the risk of erosion and 
landslides. Soil health has serious implications for 
other parts of the natural environment e.g. water 
quality, forests and carbon sequestration.

• Changing land suitability for forestry and 
agriculture. As the temperature rises and the 
climate becomes drier, the crops and tree species 
that can be grown in the Glasgow City Region will 
change. This change will depend on numerous 
factors, making predictions difficult.

• Ocean acidification, due to the increase in 
carbon dioxide in the atmosphere, will make 
our seas less hospitable for marine life, 
particularly those with calcium carbonate shells 
or skeletons. As well as the serious implications this 
will have for the marine ecosystem, it could also be 
detrimental to shellfish fisheries in the region.

• Rising water temperatures in rivers, lochs and 
the sea will affect the suitability of the habitat 
for some species. Cold adapted species may 
move north. Some species may be limited in their 
ability to migrate.

• As sea levels rise, coastal habitats and landforms 
such as beaches, saltmarshes and mudflats will 
be significantly altered and/or may disappear 
due to coastal erosion. This is exacerbated by 
‘coastal squeeze’ i.e. coastal developments inhibit 
the potential for coastal habitats to shift further up 
the shore, as the coast is eroded.

• Changing temperature and rainfall patterns, 
which, in turn, will alter the composition of 

THEME 4 – NATURAL ENVIRONMENT 
AND NATURAL ASSETS
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Box 8: Natural Environment related risks and opportunities for Glasgow City Region

Ref Risk / Opportunity Description Urgency Score

Soils

NE1 Risks to soil stock from changes in temperature and water regime  More action needed

NE2 Risks to soil carbon storage from temperature rises and changes in precipitation  Sustain current action

NE3 Risks to soils from pests, pathogens and invasive species  Build capacity and 
understanding

Agriculture

NE4 Risks and opportunities for agriculture from changes in land suitability  Build capacity and 
understanding

NE5 Risk to crops and livestock from extremes in temperature and water regime  More action needed

NE6 Risks to agriculture from pests and disease  Build capacity and 
understanding

Forestry and Woodlands

NE7 Risks and opportunities to forestry and woodlands from changes in 
land suitability and productivity

 Sustain current action

NE8 Risks to forestry and woodlands from extreme weather events  Build capacity and 
understanding

NE9 Risks to forestry and woodlands from pests, invasive species, and 
diseases

 Build capacity and 
understanding

Wildlife

NE10 Risk and opportunities for biodiversity from changes in habitat 
suitability

 More action needed

Coastal and Marine

NE11 Risks to coastal habitats and industries from sea level rise  Build capacity and 
understanding

NE12 Risks to marine biodiversity from increases in sea temperature  Build capacity and 
understanding

NE13 Risks to marine biodiversity from ocean acidification  Build capacity and 
understanding

NE14 Risks to marine biodiversity from pests and invasive species  Sustain current action

Freshwater ecosystems

NE15 Risks to freshwater biodiversity from changes in water regimes  Build capacity and 
understanding

NE16 Risks to changes in freshwater biodiversity from changes in temperature  Build capacity and 
understanding

NE17 Risks to freshwater biodiversity from pests, invasive species and disease  More action needed

Geoheritage

NE18 Risks to nationally and internationally significant geoheritage sites  
from flooding and erosion, and coastal, vegetation, freeze-thaw and 
rainfall change

 Sustain current action
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plant communities and habitats. Some species 
may shift to cooler areas, but some may not be 
able to. Some species and habitats may disappear 
from the region as a result.

• Invasive and non-native species are a threat to 
terrestrial and aquatic environments. Species 
adapted to warmer conditions may now be able 
to establish in the region and proliferate. If this 
happens they can outcompete or predate native 
and productive species, as well has damaging 
infrastructure (particularly in marine environments).

• Increasing the likelihood and severity of extreme 
weather events such as droughts, storms and 
floods. Such events will have serious consequences 
for industries such as agriculture, forestry and 
aquaculture, which are closely linked to the natural 
environment. Wildlife will also struggle to adapt to an 
increasingly erratic and extreme weather system.

• Affecting nationally and internationally 
important geoheritage sites due to flooding and 
erosion, and coastal, vegetation, freeze-thaw and 
rainfall change. 

The key natural environment related risks and 
opportunities and their urgency score are shown in Box 8.

Next steps to creating climate 
resilient natural environment

The information collated in relation to risks and 
opportunities to the Glasgow City Region will be used 
to develop an adaptation strategy and action plan. 
This review has identified a number of steps that will 
help the city region to become more resilient in the 
short/medium term.

• Developing more localised evidence to support 
decision making on adaptation in relation to the 
range of risk outlined above.

• Ensuring key risks and principles of climate 
adaptation is incorporated into existing and future 
relevant plans and strategies that affect the city 
region, such as the forthcoming refresh of the River 
Basin Management Plan and Regional Marine Plan.

• Generally building understanding and increasing 
capacity of stakeholders in relation to the risks and 
opportunities relating to functioning of the natural 
environment.

Sector context

The value of our natural environment extends far 
beyond being intangible and intrinsic, providing a 
range of goods and services which we derive economic 
and social value. These are broadly understood as our 
natural ‘capital’, and natural capital frameworks enable 
us to quantify these, as well as how changes may 
affect them. The goods and services provided are often 
grouped into four areas – provisioning, regulating, 
cultural and supporting services. 

National Priorities

The National Performance Framework for Scotland 
aims contains a single outcome relating to the natural 
environment, but it is important to recognise that this 
encompasses an extremely broad set of concepts, 
which embody an ecosystems services approach.

The Scottish Forum on Natural Capital has set five 
strategic outcomes which translate what these mean 
in practice in Scotland:

• Healthy peatlands locking away carbon, filtering 
water, protecting against floods and supporting 
biodiversity

• Resilient green infrastructure supporting healthy 
and happy communities, benefiting biodiversity 
and strengthening the economy

• Sustainably managed land delivering multiple 
benefits for people, the environment and the 
economy

Table 23. National Performance Framework Outcomes 
and Sustainable Development Goals

National Performance 
Framework outcomes

Sustainable 
Development Goals

 We value, enjoy, 
protect and 
enhance our 
environment
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• Healthy seas providing sustainable food and 
energy, locking away carbon, supporting 
biodiversity and boosting tourism

• A circular economy, eliminating waste, saving 
natural resources and improving the bottom line 
for business

Scottish Natural Heritage’s (SNH) Natural Capital 
Asset Index (NCAI) tracks changes in the capacity of 
Scotland’s terrestrial ecosystems to provide benefits 
to people. Whilst stocks have stabilised and improved 
slightly over the past 6 years, improving the stocks 
of natural capital is important as it will increase the 
overall resilience of natural systems to the impacts 
of climate change. This is translated into different 
policy areas is broadly different ways, but has been 
adopted across the management of the natural 
environment, as well as more widely. For example, 
Scotland’s Economic Strategy (Scottish Government, 
2015), includes natural capital under its investment 
priority, and SNH Corporate Plan (Scottish Natural 
Heritage, 2018) outlines includes investing in natural 
capital to improve prosperity and wellbeing as one of 
four priorities. 

Soils 

The Scottish Soils framework 2009 sets 13 outcomes 
for Scotland’s soils, based on the range of ecosystem 
services they provide, and the range of threats 
identified to services they provide. The framework 
also lists the actions and policies in place to support 
good quality soils. However, the last action in the 
framework was due to be completed in 2014, and 
whilst relevant policies will remain in place, no further 
actions are currently outlined. Peatland restoration 
is deemed an issue of national importance, with 
a dedicated plan in place to protect, manage and 
restore peatlands to maintain their natural functions, 
biodiversity and benefits. (Scottish Natural Heritage, 
2015). The importance of carbon storage is also 
recognised in the Climate Change Plan (Scottish 
Government, 2018d), with commitments to restore 
40% (250,000 hectares) of Scotland’s Peatland by 
2030.

Agriculture

Agriculture is one of the few sectors where the majority 
of policy is set at EU level. It supports environmental, 
economic and community development across Scotland, 
through food and drink production, local community 
and tourism projects, forestry and rural business 
developments. In Scotland it is implemented through 
two pillars – the Direct Payment Services (Pillar 1), and 
the Scottish Rural Development Programme (Pillar 
2). Direct payments are those made to all farmers, 
regardless of their individual differences, whilst the SDRP 
provides competitive funding for the following activities:

• Enhancing the rural economy
• Supporting agricultural and forestry businesses
• Protecting and improving the natural environment
• Addressing the impact of climate change
• Supporting rural communities

Landscapes and Biodiversity

SNH’s Landscape Policy Framework (Scottish Natural 
Heritage, 2006) sets out the overarching approach 
to landscape conversation and management in 
Scotland. It sets out that SNH’s landscape work will aim 
to “safeguard and enhance the distinct identity, the 
diverse character and the special qualities of Scotland’s 
landscapes as a whole, so as to ensure tomorrow’s 
landscapes contribute positively to people’s environment 
and are at least as attractive and valued as they are 
today.” This involves working to achieve and maintain:

• Attractive and distinctive settlements, with high 
quality greenspace, which reflect regional traditions 
of design and materials, fit their wider setting, and 
contribute positively to people’s quality of life. 

• Farmed and crofting landscapes of diverse 
character, within which the significant contribution 
of designed landscapes to the lowland scene is 
recognised and safeguarded. 

• Forests and woodlands which enhance the 
landscapes of which they form part. 

• Uplands, hills and moorland landscapes 
characteristically Scottish in their openness and 
quality of wildness. 

• The careful integration of human activity within 
coastal landscapes and seascapes that reflects the 
diverse character of our developed, undeveloped 
and isolated coasts. 
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In parallel, Scotland’s biodiversity strategy (Scottish 
Government, 2013b) sets out the role biodiversity 
plays in meeting the Scottish Government’s vision 
for a smart, sustainable and successful Scotland. 
It adopts an ecosystems approach to securing the 
multiple benefits from sustainably managing land 
and seas, recognising that decisions need to be taken 
at the appropriate landscape scale. The plan sets out 
strategic goals with twenty associated targets:

• Address the underlying causes of biodiversity loss 
by mainstreaming biodiversity across government 
and society

• Reduce the direct pressures on biodiversity and 
promote sustainable use

• To improve the status of biodiversity by 
safeguarding ecosystems, species and genetic 
diversity

• Enhance the benefits to all from biodiversity and 
ecosystem services

• Enhance implementation through participatory 
planning, knowledge management and capacity 
building

Alongside, the national biodiversity duty, and an 
accompanying list of species provides guidance for 
preparation of local biodiversity action plans and 
compliance with the duty for all public bodies to 
account for biodiversity in their decision making.

Water

The River Basin Management Plan for Scotland 
(Scottish Government, 2015) sets out the Scottish 
Government’s aspirations for water quality, physical 
condition, water flows and levels, and the migration 
of wild fish relating to 169 river, loch, estuary, coastal 
water and groundwater bodies in the Scotland river 
basin district, and 1,488 protected areas that are 
associated with the water environment.

6% of the district’s water bodies and 83% of its 
protected areas are currently assessed as being in a 
good or better condition. The 34% of water bodies 
and 17% of protected areas not in a good condition 
are as a result of a combination of impacts on: water 
quality; access for fish migration; physical condition; 
water flows or levels; direct impacts from invasive 
non-native species on aquatic plant and animal 
communities. Within these, man-made barriers to 

fish migration, modifications to physical condition 
and rural diffuse pollution are the main challenges, 
though there are some associated with waste water 
discharges and hydroelectricity generation.

Forestry and Woodland

The National Forest Estate generates £395 million 
of Gross Value Added (GVA) every year for the 
Scottish. Forestry and timber processing accounts 
for £285 million of GVA, whilst Tourism and 
recreation contributes £110 million of GVA. (Forestry 
Commission Scotland, 2016). To meet climate change 
targets, there is a commitment to increase woodland 
cover from around 18% to 21% by 2032.

Forestry Commission Scotland have a series of 
plans to realise the multiple benefits provided by 
the country’s commercial forest estate, as well as to 
manage the forests effectively, structured around the 
following priorities:

• Healthy – achieving good environmental and 
silvicultural condition in a changing climate;

• Productive – providing sustainable economic 
benefits from the land;

• Treasured – as a multi-purpose resource that 
sustains livelihoods, improves quality of life, and 
offers involvement and enjoyment;

• Accessible – local woodlands and national 
treasures that are well promoted, welcoming and 
open for all;

• Cared for – working with nature and respecting 
landscapes, natural and cultural heritage; and

• Good value – exemplary, effective and efficient 
delivery of public benefits

To support these aims, a range of strategies and plans 
are in place, including strategies for Open Habitat, 
tourism and recreation and woodland creation, as 
well as plans on managing and stocking forests, land 
management and deer management.
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Marine

The National Marine Plan (Scottish Government, 
2015e) sets out the economic, social and marine 
ecosystem objectives and objectives relating to the 
mitigation of, and adaptation to, climate change. 
It extends out to 200 Nautical Miles outside the 
boundary of Scotland, with a vision of ensuring Clean, 
healthy, safe, productive and diverse seas; managed to 
meet the long term needs of nature and people. The 
strategic objectives for achieving this vision comprise:

• Achieving a sustainable marine economy;
• Ensuring a strong, healthy and just society;
• Living within Environmental Limits;
• Promoting Good Governance; and
• Using Sound Science Responsibly

Glasgow City Region Priorities

Across the city region, there are similar ambitions to 
improve our stock of natural capital, with differing degrees 
of prescription and guidance at the regional level:

Forestry and Woodland

There are approximately 56,850 hectares of woodland 
within the Clydeplan area, including 14,691 hectares 
of native woodlands. The Clydeplan Forestry and 
Woodland Strategy (Clydeplan, 2015) aims to ensure 
expanded networks of woodland in the Clydeplan 
area will contribute to a competitive and successful 
economy; healthy and empowered communities; and a 
rich and resilient environment by 2035. 

To achieve this, strategy sets out 5 aims:

• expanding the city region’s woodland resource 
and improving its management;

• building and supporting the region’s forest and 
woodland economy;

• empowering communities and enhancing quality 
of life and wellbeing;

• promoting and enhancing the quality of the city 
region’s environment; and,

• securing resilience to climate change and adapting 
to its impacts

In addition, the Scottish Lowlands District Plan 
(Forestry Commission Scotland, 2014) sets out 
the series of actions to ensure the 25,812 ha of 
commercial forest estate across the central belt meets 
the national objectives set out above.

Landscape and Biodiversity

The Clyde supports a rich variety of wildlife. It is 
important as one of the most northerly west coast 
estuaries used by migrating birds, and regularly 
supports a wintering population of 20,000 waterfowl 
in the inner estuary, including internationally 
important numbers of overwintering redshank. For 
these reasons the Inner Clyde Estuary has been 
notified as a Special Protection Area (SPA) under the 
EC Wild Birds Directive and as a RAMSAR site under 
international designation. 

To support biodiversity, each of the city region’s Local 
Authorities has produced a Local Biodiversity Action 
Plans. These set out plans and actions to protect and 
enhance biodiversity, as well as to protect against 
invasive and non-native species. Where necessary, 
these are accompanied by relevant Habitat Action 
Plans and Species Action plans.

The Regional Development Plan (Clydeplan, 2017b), 
and associated Local Plans provide the overriding 
guidance for future land use in the city region. One 
of the four core themes of the strategic development 
plan is that the city region is a natural, resilient place. 
To support this, the plan outlines 16 Strategic Delivery 
areas for delivery of Green Infrastructure with a view 
to addressing the following Glasgow and Clyde Valley 
Green Network Priorities: 

• health issues particularly associated with low 
activity levels;

• climate change adaptation measures, particularly 
for flooding;

• poor access to greenspace; and,
• habitat creation.

Similarly the Glasgow and Clyde Valley Green 
Network partnership have developed a Blueprint for 
a Green Network across the city region (Glasgow and 
Clyde Valley Green Network Partnership, 2017), with 
work underway to develop a detailed assessment of 
how the ambitions in the Blueprint can be delivered, 
and the role of the public, private sectors. 

Marine 

The forthcoming Regional Marine Plan, governed by 
the Clyde Marine Planning Partnership will set out the 
economic, social and environmental priorities relating 
to the marine environment for the Firth of Clyde. The 
plan will extend out 12 Nautical Miles and will take 
account of local circumstances and smaller ecosystem 
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units. Unless relevant considerations indicate 
otherwise, they are required to be in accordance 
with the National Marine Plan and the Marine Policy 
Statement (MPS) to ensure they are consistent with 
national objectives and priorities and are subject to 
adoption by Scottish Ministers. Until it is completed, 
the Marine Policy Statement and the National Marine 
Plan will apply.

Alongside, the Firth of Clyde Forum Biosecurity Plan 
(Mills, 2011), sets a framework for protecting against 
Invasive and Non-Native species (INNS), highlighting 
a range of species that are a biosecurity concern, and 
an action plan to ensure effective management. 

Other policy areas

Whilst there are significant policies and plans in place 
for the areas outlined above, no dedicated plans 
relating to soils or agriculture, or river management 
were identified for the city region. In these cases, the 
local implementation of national plans will set the 
context for activity.

Natural Environment and Natural 
Assets

Soils

Soils perform a range of physical, chemical and 
biological functions. They are the substrate within 
which our crops and forests and flowers grow, they 
filter and regulate our water and they store a huge 
amount of carbon. The ability of our soils to provide 
these services depends on a range of biophysical 
factors, a number of which are influenced by human 
activities. Indeed, the greatest threat to our soils 
is poor land management, but these factors can 
interact with and exacerbate the impacts of climate 
change. As the climate warms, rising temperatures 
and more extreme weather (more droughts, more 
intense rainfall) will affect soil functions and rates of 
erosion. 

The soils found in the Clyde valley region tend to be 
waterlogged and have a high organic matter content. 
This can make them acidic, with low inherent fertility. 
These soils support a range of nutrient poor habitats 
such as: rough grass, improved grass, peatland, 
woodland and some heather moorland, although 
there are some productive brown earth soils in the 
Hamilton and Lanark areas.

NE1: Risks to soil stock from changes in 
temperature and water regime 

Current / future 
level of risk

High

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  More action needed

 
Risk Description 

Glasgow City Region may see changes in its soil stock 
through changes to formation, as well as erosion 
and landslides. Temperature and rainfall influence 
both the input of organic matter via photosynthesis 
(e.g. litter and root inputs), and its subsequent 
decomposition through microbial activity. They can 
also affect the structural integrity of the soil through 
waterlogging, compaction cracking and erosion. 
Changes in temperature and water regime may alter 
the composition of plant communities and their rates 
of growth and decay, with implications for soil organic 
matter and carbon sequestration. A greater frequency 
of drought and intense rainfall events may lead to 
increases in erosion, soil loss and landslides.

Evidence for Glasgow City Region

The evidence for impacts of climate change on soil 
are, spatially, fairly coarse. This is particularly the 
case when it comes to factors that interact such as 
temperature, moisture, vegetation and parent rock. 
There is not a great deal of evidence at the national 
level, let alone at the local level. In this section we 
suggest some of the issues that may be particularly 
pertinent for the city region, but do not make any 
conclusive statements.

Soil organic matter is vital for the maintenance of a 
range of soil functions including:

• Storing carbon;
• Soil structure and stability – there is evidence that 

as organic matter levels increase, the potential for 
soil compaction and erosion is reduced;

• Contributes to the water holding capacity of the 
soil and therefore influences flood risk; and 

• Contributes to the ability of soil to adsorb and 
degrade pollutants
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Higher temperatures increase the rate at which soil 
microbes break down organic matter, releasing CO2 
and CH4 as a bi-product. This process is slower in 
anaerobic conditions i.e. in waterlogged soils, and 
at cold temperatures. Temperatures are predicted 
to rise in Scotland, as a result of climate change, 
and although average rainfall is likely to increase, 
it is predicted to be concentrated in winter months, 
with droughts predicted for summer months (Graves 
A. R. et al., 2016). Warmer overall temperatures, 
and drier summers can lead to faster rates of OM 
decomposition (Towers W. et al., 2006). The carbon-
rich, water-logged soils found in the Glasgow City 
Region, could be particularly at risk. 

The loss in organic matter described above may be 
partially offset by faster rates of vegetation growth 
and litter production (Reinsch et al., 2017), although 
the magnitude of the offset it unclear. A recent study 
by CEH has indicated that the carbon loss effect of 
warming temperature is greater than the extra carbon 
uptake from increased plant growth, but the study did 
not cover agricultural soils. 

Drought can lead to cracking and the development 
of pipes and channels in the soil, increasing the risk 
of erosion from rain or wind. The combination of 
drought and rainfall events, as well as decreases in 
SOM, may lead to increases in soil erosion and loss, 
with implications for agriculture and sedimentation in 
water courses (Towers W. et al., 2006). 

Figure 22 shows a baseline erosion risk of bare 
soil for the Glasgow City Region under intense or 
prolonged rainfall, based on an assessment of the 
slopes, soil texture and capacity to absorb rainfall. 
(Lilly and Baggaley, 2018a). Higher risks exist at 
the edges of the city region, such as Inverclyde, 
West Dunbartonshire, East Dunbartonshire, North 
Lanarkshire and South Lanarkshire. 

Compaction, caused mostly by agricultural machinery 
and livestock, is an example of the interaction 
between land management and climate change. 
Compaction reduces the porosity of the soil, so there 
is little space for water or air between soil particles. 
Soils are less able to absorb rainfall, increasing 

Figure 22. Soil erosion risk within Glasgow City Region (Source: Lilly and Baggaley, 2018a)
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surface run-off and erosion, with knock on effects 
for water quality and flood risk. The soil environment 
also becomes less hospitable for plant roots and soil 
microbes, potentially altering communities of soil 
flora and fauna (Scottish Government, 2009; Dobbie, 
Bruneau and Towers, 2011). The combination of 
climate change and compaction may increase the risk 
of severe floods, and enhance changes in plant and 
microbe communities, that are occurring as a result 
of raised temperatures. Maps of topsoil and subsoil 
compaction risk (Lilly and Baggaley, 2018b, 2018c) 
also show similar patterns of vulnerability to those 
areas with erosion.

Compaction from livestock and machinery is worse 
when the soil is wet. Farmers are already encouraged 
to time their land management activities to minimise 
compaction i.e. using machinery on dry days. As 
the weather becomes more erratic, this is harder for 
them to do (Graves A. R. et al., 2016). Cooper et al. 
(1997) predicted a marked reduction in workable days 
because of climate change and this is already being 
noticed by farmers who find it difficult to schedule 

cultivation, spraying and harvesting operations 
because of weather (Cooper, McGechan and Vinten, 
1997; Iizumi and Ramankutty, 2015). Good timing 
of management operations are considered to be 
essential to protect soil vulnerable to compaction 
(Iizumi and Ramankutty, 2015).

Recently there has been quite a lot of research 
looking at different aspects of the Scottish soil stock. 
Much of this highlights the gaps in information and 
the difficulties in drawing conclusions. A lot of the 
research and policies discuss how we can better look 
after our soils at present. This is important, as healthy 
soil will be more resilient. There are considerably fewer 
– if any – which talk about how climate change will 
affect soils in Glasgow City Region and how to deal 
with or avoid that. 

Figure 23. Topsoil (left) and subsoil (right) compaction risk in Scotland. (Source: Lilly and Baggaley, 2018b, 2018c)
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NE2: Risks to soil carbon storage from 
temperature rises and changes in precipitation

Current / future 
level of risk

High

Adaptation 
shortfall

Less significant

Benefits to  
further action

Not Scored

Urgency score  Sustain current action

 
Risk Description 

The carbon in soils is not only important for soil function, 
as described in NE1, but also for regulating atmospheric 
levels of CO2 and helping to mitigate climate change. 
Scotland’s soils contain approximately 3,000 tonnes of 
carbon, over half of which can be found in peatlands. 
Warmer and drier summers and milder, wetter winter 
may lead to an increase in decomposition of organic 
matter, and loss of carbon to the atmosphere and water 
courses. 

Evidence for Glasgow City Region 

Climate change and land use interact to influence soil 
carbon stocks. Climate change is likely to affect the 
choices made in relation to land use (Suggit et al., 2015). 
For example, choosing climate resilient crops, putting 
greater pressure on remaining agricultural areas, or 
expanding agricultural land. Rising temperatures and 
changes in water regime will also affect the processes 
that govern soil formation and degradation, having a 
more direct effect on soil carbon. 

Modelling of the climate impacts over the next 50 years 
suggests that there will be significant loss of soil carbon 
across much of the UK (SMITH et al., 2005; Dobbie, 
Bruneau and Towers, 2011). There is some evidence 
that this is already happening in Scotland, and a greater 
wealth of evidence supporting this trend from England 
and Wales (Dobbie, Bruneau and Towers, 2011). 

Glasgow City Region contains peatland habitats, carbon 
rich soils and deep peat. These can mostly be found 
along the northern and southern boundaries of the city 
region, with the majority found in South Lanarkshire 
(James Hutton Institute, 2018b). The precise amounts 
are hard to quantify due to data coverage issues but 
estimates range from 248km2, to 355km2. These 
estimates do not cover the very south of the city region, 
and so the true amount is likely to be higher. 

Whilst there is no bespoke assessment of Peatland 
condition in Glasgow City Region, nationally one third 
are actively eroding and 16% are bare of any peat 
forming vegetation, and the Committee on Climate 
Change highlight that more action is needed to restore 
them (Committee on Climate Change Adaptation Sub-
Committee, 2016).

Some of the bogs found in the region are important 
nationally and internationally, are in good condition; 
others are degraded and are at risk of further 
degradation and related carbon losses due to climate 
change. There are three peat bogs in South Lanarkshire 
which are still extracted for horticultural purposes. These 
are at great risk from carbon losses associated climate 
change as the bare peat is susceptible to drying and 
erosion.

Peatlands rely on regular precipitation and low levels of 
evapotranspiration, achieved due to low temperature 
or high humidity, or both. Precipitation patterns and 
temperatures are expected to change as a result of 
climate change. Drier summers and wetter winters are 
predicted in the UK, with more precipitation occurring 
in heavier rainfall events. Such conditions would be 
problematic for peatlands (Charman, 2002; Lindsay, 
2010; Rydin, Jeglum and Bennett, 2013). 

Peatland archives show that low water tables, and 
periods of high temperatures have occurred in the 
past, however, and that peatlands have continued to 
accumulate peat (Lindsay et al., 2014). This resilience 
to changes in climate is linked to the living surface of 
active bogs. It is likely that the resilience of peatlands to 
climate change depends on the presence of active peat-
forming vegetation. Degraded peatlands may have lost 
their vegetation and will be exceedingly vulnerable to 
climate change. Even if vegetation remains, vulnerability 
to climate change may be increased by reduction in the 
extent or density of cover and/or alteration of the plant 
communities present. 

In vulnerable areas, higher temperatures and drier 
summers would be likely to substantially increase the loss 
of carbon, with implications for both CO2 emissions and 
water quality through higher dissolved organic content 
(DOC) levels (ASC, 2016). The West of Scotland has 
some of the highest estimates of carbon rich soils in the 
UK (Bradley et al., 2005) across all soil depths (James 
Hutton Institute, 2018e). With a warming climate there 
is a risk that these systems will change, and the carbon 
store will be lost in the process. 
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NE3: Risks to soils from pests, pathogens and 
invasive species 

Current / future 
level of risk

High

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

 
Risk Description 

Scottish soils could be affected by a range of pests 
and invasive species, both directly and indirectly. 
Invasive plant species, pests and diseases can alter 
aboveground communities of flora and fauna, 
in turn altering the composition of leaf-litter and 
decomposition processes. Changes to the climate 
may make the conditions in Scotland more suitable 
for these species, with milder winters meaning pests 
are not killed off in winter frosts.

Evidence for Glasgow City Region

The impact of pests and invasive on soil quality and 
composition can already be seen throughout the 
Glasgow City Region, and is expected to increase as 
changing conditions allow more pests and invasive 
species to establish.

One example of a key invasive species that has 
already moved into the city region and is causing soil 
quality to deteriorate is the New Zealand flatworm. 
The flatworm was first recorded form Scotland in 
1965 and is now widely distributed throughout the 
country (Boag et al., 1994). New Zealand flatworms 
have been found in the west of Scotland, very 
close to the Clyde valley area. Their precise spread 
across Scotland, and the UK is not known, although 
flatworms have been found in North and South 
Lanarkshire, and East Renfrewshire. The cool, wet 
conditions found in the Clyde Valley region are 
favourable for the flatworms, and the milder winters 
predicted may make this more the case (Boag, Yeates 
and Johns, 1998).

All native earthworms are eaten by the New Zealand 
flatworm, but some species are particularly at risk 
since they feed on the soil surface at night (Jones 

et al., 2001). When earthworms are removed then 
drainage is impeded, which lead to surface run-off, 
soil erosion and increase flood risk, exacerbating the 
existing flood risk associated with climate change 
(Boag and Gregor W Yeates, 2001; Murchie and 
Gordon, 2013). Anecdotal evidence suggests that, 
in areas that have been infested with New Zealand 
flatworms, there has been an increase in flooding, 
lower crops yields, and the establishment of rushes 
(JHI, no date). A desktop exercise has estimated that 
if the New Zealand flatworm continues to spread it 
may cost Scottish farmers in excess of £17m (Buglife, 
2015).

There are also potential impacts on wider ecosystems. 
Many of Scotland’s native mammals (badgers, 
shrews, hedgehogs, moles etc.) and birds rely on 
earthworms as their major source of food for at least 
some part of the year (Wade, Mckee and Ames, no 
date). There has not been a great deal of research 
exploring these impacts, and certainly no attempts to 
quantify them. However, a number of observational 
studies in Scotland have found that in fields where 
the New Zealand flatworm is present, earthworm 
populations are reduced, as are moles (Boag, 2000; 
Boag and Yeates, G.W., 2001; Jones et al., 2001; 
Murchie and Gordon, 2013). 

There is no known way of eradicating the flatworm. At 
warmer temperatures they move deeper into the soil 
where it is cooler (JHI, no date). Milder winters mean 
that they will not be killed off by the cold. There are 
concerns that other species of flatworm, with a higher 
tolerance for warm temperature may be brought over 
from New Zealand, and may become a more serious 
problem than A. triangulates (JHI, no date).

The flatworm serves as one example of a current risk, 
which may increase under climate change. However, 
no evidence was identified which assesses the 
broader risks to soils from a range of differing pests, 
pathogens or invasive species, suggesting further 
research is needed in this area.
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Agriculture

Agricultural land comprises ~60% of the Glasgow 
and Clyde Valley City Region’s land area, with 1,871 
livestock holdings and just under 2,000 Ha of land 
used for agriculture (Scottish Government, 2017i). The 
4,000-strong workforce who own, manage and work 
in or near that land will feel many of the impacts of 
climate change, and will play a key role in adaptation 
actions. Climate change will have implications for 
land suitability, animal welfare, transport and the 
prevalence of pests, diseases and invasive species. 
Although the general trend towards a warmer and 
wetter climate might lead to opportunities in the form 
of longer growing seasons and the potential for new 
crops, this trend will be overlaid with a considerable 
increase in climate variability. This means that the 
agricultural sector may have to contend with a 
greater frequency of shocks such as floods, droughts 
and storms.

NE4: Risks and opportunities to agriculture 
from changes in land suitability 

Current / future 
level of risk

Medium

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

 
Risk Description 

Land suitability for agriculture is determined by a 
number of factors, among which climate is one of the 
most important. Higher temperatures may extend the 
growing season, allowing for different varieties to be 
grown, as well as new combinations of crop rotations. 
The fertilisation effect of extra carbon dioxide in the 
atmosphere may also contribute to higher yields. In 
areas where climate was not the limiting factor, the 
quality of produce may be reduced. Warmer and drier 

Figure 24. Land Capability for Agriculture in Glasgow City Region. (Source: James Hutton Institute, 2018).
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summers may also increase the need for irrigation. 
The risks to soil described in NE1-NE3 will also have 
implications for agriculture for example, soil erosion 
would reduce the ability to produce pasture.

Evidence for Glasgow City Region

Assessments of land capability for agriculture show 
that the majority of land in Glasgow City Region is 
suitable for rough grazing and cattle/dairy farming, 
rather than arable (James Hutton Institute, 2018). 
Land for grass and rough grazing represents 86% of 
the total agricultural area in the Clyde valley region, 
with the remaining 14% comprising barley crops 
(mostly spring barley), a small amount of wheat and 
oats, and woodland (7%) (Scottish Government, 
2016b). 

Pastures and rough grazing for livestock are the main 
agricultural land use in the Clyde valley region. The 
extended growing season is important to the livestock 
sector as it will increase the amount of forage and 
therefore increase the grazing season (The Scottish 
Government, 2011). The lengthened grazing season 
reduces the need for conserved forage required for 
feed, saving farmers time and money. The increased 
temperatures and CO2 levels may increase grass 
production. It is not yet clear whether associated 
changes in leaf/sheaf ratio, reduced nitrogen 
and increased fibre in plants will outweigh these 
benefits, as they reduce feed quality, digestibility 
and limit weight gain (Rowlinson, 2008; The Scottish 
Government, 2011).

Higher temperatures are likely to extend the growing 
season, producing higher yields and enabling a 
greater number of crop rotations (Morison and 
Matthews, 2016), in turn improving Land Use 
Classifications. The extent of these benefits depend 
on the crop being grown. Pastures and root crops 
will see higher yields, as they continue to grow until 
prevented by frost. For determinate crops such as 
cereals, higher temperatures accelerate maturity, 
leading to lower yields (Iglesias A. et al., 2007). 
Increased levels of CO2 in the atmosphere may 
increase yields and growth rates. They have also been 
shown to improve resource use efficiency of plants, 
particularly water use (Graves A. R. et al., 2016).

There are some predictions that the area of prime 
agricultural land will increase in Scotland, thanks to 
warmer temperatures (Brown et al., 2011), enabling 
arable crops to be grown where it was not possible 
before. However, this is more the case for the East 
and North of Scotland, rather than the West. It is 
also possible that new crops are able to be grown in 
Scotland, as the climatic conditions become more 
favourable. These opportunities can only be realised 
where climate has been the main limiting factor, 
however. The benefits described above depend, not 
only, on climate, but also on other factors slope, soil 
quality and the availability of nutrients and water. 

Soil quality is at risk from climate change, as described 
in NE1-3, and so may limit the potential benefits that 
can be realised from a warmer climate (Iglesias A. et 
al., 2007; Abdalla and Smith, 2016). 

Rainfall in Scotland is predicted to become more 
episodic (see NE5). Water availability may, therefore, 
be an issue, especially when balanced with other 
demands, such as for use in manufacturing (see BI2), 
as well as environmental protection and household 
supply (HR Wallingford, 2015). Equally, heavy rainfall 
events may increase the occurrence of nutrient 
leaching, reducing the nutrients available for crops 
and increasing the need for fertiliser (Maracchi, 
Sirotenko and Bindi, 2005; Thornton et al., 2014; 
Hatfield and Dold, 2017). The higher yields and faster 
growth may have required nutrient inputs irrespective 
of the potential for nutrient leaching.

The change in growing season can have impacts on 
livestock as well as crops. Shifts in seasonality may 
influence natural breeding, fertility and lactation 
cycles with potential consequences for production 
efficiency (Iglesias A. et al., 2007; Rowlinson, 2008; 
The Scottish Government, 2011).

In February 2010, a survey carried out by Farming 
Futures reported that 38% of all UK farmers surveyed 
said they were already affected by climate change 
and nearly 60% expect to be affected in the next ten 
years (Farming for a Better Climate, 2018).
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NE5: Risk to crops and livestock from extremes 
in temperature and water regime 

Current / future 
level of risk

High

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  More action needed

 
Risk Description 

The agricultural sector will have to contend with more 
frequent droughts, intense rainfall events and storms. 
These events can affect crop and livestock health 
as well as farm infrastructure and budgets, with 
consequences felt for a year or more after the event. 

Evidence for Glasgow City Region

Livestock farming is particularly important for the 
Clyde valley region and it is likely that more frequent 
droughts, storms and intense rainfall will take their 
toll on the sector. There is little research looking 
specifically at Glasgow City Region, but the harsh 
winter and hot summer of the past year (2018) give 
an indication of the pressures that can be expected.

The winter and spring of 2018, with late snows and 
heavy rains, were reported to be particularly tough for 
the agricultural sector (Farming for a Better Climate, 
2018). Livestock losses were so bad that a fund was set 
up in April to help to provide assistance towards some 
of the additional costs of dealing with fallen sheep and 
cattle stock (Farming for a Better Climate, 2018).

Climate variability is thought to affect predictions of 
changes in land capability based on climate change 
scenarios (Brown and Castellazzi, 2015). It is likely 
that the pattern of precipitation in Scotland will 
change from smaller but more frequent episodes, 
to larger and rarer events. Milder winters mean 
that precipitation may fall as rain rather than snow, 
leading to a higher incidence of flash floods and water 
logging. These events can damage pastures and be 
detrimental to the health of livestock, particularly if 
stock are over-wintered outside (Rowlinson, 2008; 
The Scottish Government, 2011). There is anecdotal 
evidence to suggest that flooding can affect yields (of 
grass or crops) for years after the event, with the loss 

of earthworms and compaction thought to be the 
cause (Posthumus et al., 2009).

At present, 9km2 of land in Glasgow City Region is 
currently at risk of coastal flooding, whilst 92km2 of 
land is at risk of river flooding. The combined average 
annual damages of both is relatively low compared to 
other sectors, at around £200,000 (SEPA, 2015).

Summers are predicted to be drier and drought events 
more likely, with hot summers becoming the norm. An 
increased frequency of droughts will reduce crop yields 
due to the stress on the plants. The consequences of 
increased drought incidence will include an increased 
demand for irrigation. Heat stress and drought 
damage to grass, can also reduce the amount of 
fodder that can be stored as feed for the winter 
(Maracchi, Sirotenko and Bindi, 2005; The Scottish 
Government, 2011). This year’s drought (2018) reduced 
grass growth, such that farmers were forced to use 
their back-up supplies. It is thought that this will reduce 
stores for winter, increasing the likelihood that extra 
supplies will need to be bought in (Cebr, 2018).

Extended periods of hot, dry weather could change 
the nutritional requirements of animals though 
larger ruminants are able to tolerate a wide climatic 
range (Rowlinson, 2008; The Scottish Government, 
2011). Despite this, reproductive capacity decreases 
at elevated temperatures and there are additional 
animal welfare concerns relating to the transport of 
livestock to markets or slaughterhouses during heat 
waves range (Iglesias A. et al., 2007; Rowlinson, 2008; 
The Scottish Government, 2011). As with all livestock 
enterprises, maintaining fresh water supplies is 
fundamental. This is particularly relevant in extensive 
grazing areas where farmers may rely on on-farm 
water production such as springs and burns, which 
may be negatively impacted by alterations in the 
hydrological cycle and increase overheads related to 
using mains water (The Scottish Government, 2011).

Extreme weather events can lead to road closures, 
and some remote farms may be cut off. These 
events can prevent milk from being transported off 
the farm. This is a particularly crucial issue for dairy 
farms as few farms have the capacity to store more 
than a few days’ worth of milk and it spoils rapidly. 
This is compounded by the fact that milk tankers 
are large vehicles and farms are primarily connected 
to markets via the minor road network, which may 
not be a priority for emergency repair (The Scottish 
Government, 2011).
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NE6: Risks to agriculture from pests and disease 

Current / future 
level of risk

High

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

 
Risk Description 

A warmer climate could mean pests are not killed 
off by cold winters. Warm wet conditions can lead 
to proliferation of existing pests, and a migration of 
these beyond their current limits. E.g. liver fluke, blue-
tongue and tick-borne diseases.

Evidence for Glasgow City Region

Crops 
Grass is an important crop in West Scotland and is 
either cut for silage or grazed. Within Glasgow City 
Region there are 9,750 Ha of grass under 5 years old, 
95,600Ha of grass over 5 years old, and 78,000Ha 
of rough grazing land, with the biggest amounts in 
North and South Lanarkshire (Scottish Government, 
2017hi)

Climate change will impact on grass growth in 
the region with warm dry summers reducing grass 
production but milder wetter winters potentially 
extending the growing season. Climate change 
will also affect disease, pest and weed impacts on 
grassland. The longer growing season for grass will 
also become a longer growing season for perennial 
weeds such as broad leafed dock and creeping and 
spear thistles (Davies K., Ecans A. and Oxley S., 2007; 
Abdalla and Smith, 2016; Morison and Matthews, 
2016). In drier areas curled dock or musk thistle 
may become an issue. New vetches, clover and 
species similar to dandelions are expected to flourish 
particularly in the dry warm summers (Davies K., 
Ecans A. and Oxley S., 2007; Kendal et al., 2013).

Livestock 
There is an increasing amount of evidence suggesting 
that climate change will have, and is already having, 
an effect on pests and diseases for livestock. 

Changing weather patterns have the potential to 
both increase the levels of existing health issues 
and see the emergence of new diseases in the area 
(Morison and Matthews, 2016). These changes can 
also be brought about in a number of ways, both 
directly and indirectly. Climate change will directly 
affect the pathogen itself, altering the environment 
may enhance or reduce the success of biology of 
individual diseases (Davies K., Ecans A. and Oxley S., 
2007). Many diseases are spread by vectors such as 
flies or midges, a climate which favours such vectors 
will in turn increases the spread of host diseases 
(Davies K., Ecans A. and Oxley S., 2007).

The Clyde valley region is set to experience a warmer 
and wetter climate in coming decades. These 
conditions are ideal for some pests, diseases and their 
vectors. Live fluke is already present in the west of 
Scotland and there it is likely that it will become more 
prevalent. Liver fluke and blue tongue could have 
significant impacts on livestock farming in the region, 
with costs rising due to veterinary bills, drainage, and 
profit loss from stock losses.

• Blue tongue – Bluetongue is a viral infection which 
affects ruminants and has been shown to be 
transmitted by biting midges (Mellor, Boorman and 
Baylis, 2000). The Scottish Government considers 
it to be a disease of ‘major concern’ for livestock 
(Kendal et al., 2013). Some 1.5 – 2 million sheep 
died across Europe between 1998 and 2005 due 
to bluetongue which can be transported hundreds 
of kilometres by virus infected vectors (Purse et al., 
2005). Vector distributions have been proven to be 
greatly dependent on environmental factors such 
as temperature, moisture and wind (Kendal et al., 
2013; Alusteng et al., 2017).  
 
The last bluetongue outbreak in the UK, was 
in 2007. Since then, the UK has been clear of 
bluetongue, although there was an incident in 2014 
in which infected livestock were imported from 
France, but this was dealt with at border control 
(Kendal et al., 2013). Bluetongue virus (BTV) has 
been seen in Europe as far back as 75 years ago, 
however it was in 1998 it was reported for the first 
time in 20 years (Kendal et al., 2013). Since 1998 
BTV has invaded Europe, occurring in numerous 
countries that have not previously reported the 
disease. The combination of increases in global 
trade, and milder winters make the arrival of 
bluetongue more likely (Kendal et al., 2013).
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• Liver fluke – Liver fluke (Fasciola hepatica) is a 
physically and economically damaging parasite 
affecting sheep and cattle. Heavily infected 
hosts may die and those with lighter infections 
may suffer inhibited growth, reduced production 
efficiency, and liver damage (Fox et al., 2011; 
Kendal et al., 2013).

The rise in fluke outbreaks in recent years has been 
attributed to climate change, with the parasites and 
their intermediate snail hosts thriving in warm wet 
conditions (Alusteng et al., 2017). Future risk maps 
developed by SRUC (figure 25) and based on a 
medium emissions scenario, predict unprecedented 
levels of liver fluke in parts of the UK including the 
west of Scotland and Wales due to warmer and 
wetter conditions (Fox et al., 2011). 

Alongside this is the threat that with warmer 
temperatures some areas will also experience longer 
development windows, meaning fluke infection could 
take place all year round rather than just seasonally 
as at present. This extension to the timing of infection 
periods will make the disease much harder to control 
(Kendal et al., 2013).

There is also the possibility that pests, diseases and 
invasive species appear that had not been thought of.

Figure 25. Projected changes in Liver Fluke Risk. Source: (Fox et al., 2011)
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Forestry and Woodland

Forestry is an important part of the Scottish 
landscape, heritage and economy and forms 
an important part of the Scottish Government’s 
strategies for a prosperous and sustainable country. 
In total, the sector contributes nearly £1 billion 
GVA, employing ~20,000 people both directly and 
indirectly. The timber growing and processing sector 
is a small but significant component of the Clyde 
valley region’s economy. The region includes around 
35,000ha of productive forest, and 14,600ha of 
native woodland. As well as contributing to the 
economy, the forests, woodlands and trees make an 
important contribution to the character of landscapes 
and environmental quality of the Clyde Valley 
region. They provide a range of services including 
flood protection, improving water quality, shade and 
cooling as well as potential benefits to human health.

NE7: Risks and opportunities to forestry and 
woodlands from changes in land suitability and 
productivity 

Current / future 
level of risk

Medium

Adaptation 
shortfall

Less significant

Benefits to  
further action

Not Scored

Urgency score  Sustain current action

 
Risk Description 

Due to the fairly long time scales in which forestry 
operate (50-200yrs), early planning is very important, 
particularly with regard to species and provenance 
choice, plantation locations and stand management. 
Warmer average temperatures and the extended 
growing season, may lead to higher yields, although 
the change in climate may mean that current tree 
types no longer result in optimal yields or wood 
quality. Improvements in yield will only be possible 
where nutrient and water availability are not limiting. 
These changes in land suitability may also alter 
species assemblages in natural and native woodlands. 

Evidence for Glasgow City Region

Warmer temperatures and higher levels of carbon 
dioxide in the atmosphere may increase timber yields, 
as trees grow faster under these conditions (Petr 
et al., 2015). This will only be the case where water 
and nutrients are not limiting factors. Changes in 
temperature can also have significant effects on the 
timing of phenological phases i.e. important phases in 
tree growth such as bud dormancy, leaf flushing, and 
flowering (Cleland et al., 2007; Ray et al., 2008; Fu et 
al., 2014; Morison and Matthews, 2016). The effect of 
temperature differs depending on the species, which 
can have consequences for yield, stand composition, 
pollination and other ecological factors. For example 
a 2014 experimental study looking at beech and oak 
trees found that warmer winter temperatures led to 
earlier leaf flushing, this led to earlier senescence, 
however, which partially offset the lengthening of the 
growing season (Fu et al., 2014).

Patterns and amounts of rainfall will change, 
with a much greater proportion of precipitation 
occurring over winter months, and in heavier, more 
intense rainfall events. Summers are set to be drier, 
with higher incidences of drought. These climatic 
conditions, coupled with the wet gley and peaty 
gley soils found in the west of Scotland, can lead 
to waterlogging and a reduced rooting depth in 
conifer species such as Sitka spruce (Ray et al., 2008). 
Drought following wet periods can be especially 
damaging to trees. The shallow rooting depth makes 
them more vulnerable to moisture stress as they are 
less able to access water (Ray, Sing and Nicoll, 2016). 
Drought damage can have primary effects such as 
physiological changes, or secondary effects such 
as increasing susceptibility to pests and pathogens 
(Moffat et al., 2012). Defra carried out a climate 
change risk assessment for the forestry sector, which 
suggested that yield loss in Scotland, due to drought 
would increase by 12% in the 2020s and 14% in the 
2050s (Moffat et al., 2012). 

Winter is an important time for forestry field 
operations and higher rainfall may reduce the number 
of workable days, delaying operations. Flooding, 
waterlogging and associated damage may prevent 
the removal and transport of timber from forestry 
sites (Moffat et al., 2012; Morison and Matthews, 
2016; Nicoll, 2016).



Glasgow City Region Climate Change Risk and Opportunity Assessment  

72

The changing climate may mean that certain species 
or provenances of species may be better suited to the 
future conditions in the region. Scottish provenances 
are no longer suited to the current climate, so there 
is a need to look elsewhere(Ray et al., 2008; Nicoll, 
2016), potentially matching tree types with those 
found in countries and regions currently experiencing 
the conditions that might occur in Scotland in the 
future e.g. the Loire valley in France (Ray et al., 2008). 

With commercial forestry it is perhaps easier to plan 
the species/provenance composition of a stand, in 
order to maximise resilience, yield or wood quality. 
Native woodlands may be significantly altered as 
the climate changes and they are potentially harder 
to manage, as the requirements and restrictions 
associated with their management are often varied 
and numerous. Warmer summers may encourage 
the colonisation of broadleaved species (e.g. oak, 
birch and rowan) in Caledonian pinewood forests, as 
well as vascular plants not associated with pinewood 
communities (Forestry Commission Scotland, 2008; 
Ray et al., 2008). Beech trees may proliferate as 
their seeds do well in the warmth and they are fairly 
tolerant to drought conditions. The colonisation 
of better adapted species is likely to change the 
nature of many native woodland types (Forestry 
Commission Scotland, 2008). For example, the Clyde 
valley woodlands are currently found in the incised 
river valleys of the Clyde and its tributaries. This 
specific type of woodland may become restricted to 
only the steepest slopes, where beech trees cannot 
grow (Thompson and Peace, 2005). The influence of 
climate change, will exacerbate the existing threat 
of disease affecting ash and elm trees, both key 
components of the Clyde Valley Woodland. These 
woodlands are recognised internationally and have 
been designated as Sites of Special Scientific Interest 
due to their importance for nature conservation. 

NE8: Risks to forestry and woodlands from 
extreme weather events 

Current / future 
level of risk

High

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

Risk Description 

As well as changes in overall climate, the frequency of 
extreme weather events is likely to increase. Storms, 
resulting in wind throws and floods will happen more 
often, as will wild fires. Many of the changes described 
in in productivity and land suitability will exacerbate 
these problems. As well as loss of timber and the 
associated financial consequences, disturbances can 
lead to colonisation of native forests by other species, 
which can changes the character and composition of 
the woodland habitat. 

Evidence for Glasgow City Region

Storms and high winds are likely to increase in 
frequency and intensity as a result of climate change. 
Such events are hard to predict and so information 
regarding potential magnitude and frequency is 
not available. There is evidence to show that we are 
already experiencing these effects, however. Heavy 
winds can lead to wind throws, loss of branches and 
general damage to trees (Moffat et al., 2012). Forests 
might need to be planted on more sheltered sites in 
order to reduce this risk (Ray et al., 2008). This could 
put pressure on agricultural land, especially in light of 
government targets for 25% forestry cover.

Intense rainfall and flooding, followed by droughts, 
can lead to reduced rooting depth in some trees, 
particularly conifers (Ray et al., 2008; Lukac, 2016; 
Nicoll, 2016). These changes increase the chances 
of wind throws as the tree is less well anchored to 
the ground. Later leaf fall, brought on by warmer 
temperatures can also make wind throws more likely, 
as there is greater resistance to the wind. 

Fire frequency and the annual area of forest burnt both 
increase in drought years, and the future climate will 
feature a greater frequency of hot and dry summers 
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(Ray et al., 2008; Moffat et al., 2012). Some woodlands 
may be more susceptible to fire damage. For example, 
pinewoods are particularly at risk, especially those 
adjacent to heather moor and in woodlands popular 
with visitors (Ray et al., 2008). In the Glasgow City 
Region this might include the softwood forests found in 
the moorland hills area (Clyde Muirshiel Hills, Kilpatrick 
Hills, Campsie Fells and Kilsyth Hills and the south 
western part of the Pentland Hills), as well as those 
in the plateau moorlands either side of the Clyde 
Valley, and some of the Southern Uplands. Mixed leaf 
woodlands also tend to be more heavily use by people 
and so might also be at risk.

Disturbance such as wind throws and forest fires 
can have secondary effects as well as the initial loss 
of, and damage to, trees. These disturbances can 
lead to the colonisation of scrub species (Morison 
and Matthews, 2016). If disturbances happen 
frequently, these species can dominate, changing 
the nature of the woodland. The predicted increase 
in fire frequency in Scotland could result in increased 
insect damage to trees. A number of studies have 
shown that fire-damage to trees can increase their 
susceptibility to bark beetle attack (Ray et al., 2008).

NE9: Risks to forestry and woodlands from 
pests, invasive species, and diseases 

Current / future 
level of risk

High

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

 
Risk Description 

Climate change will influence the distribution and 
abundance of many pests and pathogens. These 
can lead to reduced yields, and in some cases tree 
mortality. Temperature and rainfall are the two 
important aspects of climate change likely to affect 
forest pests and pathogens. For example, rising 
average temperatures may increase the development 
rate and the number of generations per year of some 
insects, while more frequent droughts can increase 
the susceptibility of trees to a pathogen attack.

Evidence for Glasgow City Region

Predicting changes to the impact of specific insect pests 
and tree diseases on woodlands is difficult because of 
the delicate balance between pest/pathogen, host tree 
and natural enemies (Kendal et al., 2013). However, the 
two following observations have been made: 

• Stressed trees are more susceptible to insect pests 
and diseases;

• The majority of insect pests that currently affect 
UK forestry are likely to benefit from climate 
change as a result of increased activity and 
reduced winter mortality.

There are numerous pests and pathogens which could 
increase as a result of climate change. The following 
paragraphs describe some of the pests that are 
currently considered a risk for Scottish forestry.

Insects  
Many bark beetles are ‘secondary’ pests, usually 
breeding in logs or windblown trees (Kendal et al., 
2013). The population dynamics of bark beetles will 
be influenced by factors such as drought stress of the 
host tree and by storms that increase the abundance 
of windblown timber in which they can breed and 
build up populations large enough to attack living 
trees (Ray et al., 2008; Wainhouse et al., 2016). Both 
of these factors are likely to increase with climate 
change. Bark beetles, some of which transmit fungal 
pathogens, and weevils, are some of the most 
important forestry pests because of their ability to kill 
trees (Wainhouse et al., 2016). 

Defoliators can cause extensive outbreaks in both 
broadleaved and conifer forests. The main economic 
effect is through growth loss but some species can 
cause tree-mortality. This is normally in conjunction 
with another pest such as the bark beetle (Ray et al., 
2008). Climate change may increase the number of 
generations per year of some species of defoliator 
(Moffat et al., 2012).

Outbreaks of the spruce aphid, Elatobium abietinum, 
cause significant defoliation of Sitka spruce at any 
stage during the rotation, resulting in reductions in 
annual growth. This aphid is particularly influenced 
by temperature (Wainhouse et al., 2016). Populations 
are likely to benefit from the increased incidence of 
drought stress in host trees, whilst the milder winter 
temperatures will increase overwintering populations. 
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The mean abundance of Elatobium populations 
seem certain to rise in a warming climate resulting 
in a general increase in the impact on the growth of 
spruce (Ray et al., 2008).

Pathogens  
Red band needle blight is currently one of the 
most commercially significant and damaging foliar 
diseases, affecting more than 60 species of pine. 
The warmer wetter springs predicted by climate 
change are likely to encourage greater activity by this 
pathogen (Ray et al., 2008).

Phytophthoras are a mainly introduced group of 
pathogens. Many species are now widespread and 
often highly destructive, especially those that attack 
the roots and root collars of woody plants (Wainhouse 
et al., 2016). They require moist soil conditions (even 
periods of flooding) for infection and spread, but the 
damage they cause tends to be most visible in the 
summer especially if trees are drought stressed (Ray 
et al., 2008). Recent modelling of the factors that 
increase risk of infection suggest that increased water 
temperatures and more episodes of flooding are 
both likely to contribute to more frequent episodes of 
infection (Kendal et al., 2013).

Exotics 
It is important to recognise that one of the most 
important effects of climate change for pest 

management is likely to be an increase in the threat 
of introduction of exotic pests and pathogens that 
are able to survive in regions that were previously 
inhospitable or at least suboptimal (Ray et al., 2008).

The European spruce bark beetle, Ips typographus, 
is a moderately aggressive mass-attack species that 
has killed spruce trees during outbreaks in Continental 
Europe. It would be a significant threat to spruce 
forests if it became established here. This bark beetle 
is regularly trapped at UK ports in imports of infested 
timber (Ray et al., 2008). It has also been caught in 
wood processing areas inland but has not yet become 
established. In a warmer climate with increased 
areas of drought-affected spruce and an increased 
frequency of wind throws, the prospects for its 
establishment would be significantly increased (Ray et 
al., 2008).

Grazers and browsers 
Warmers winters are likely to reduce mortality of 
deer, increasing the grazing pressure on seedlings 
and saplings. This can have significant impacts on 
woodland regeneration (Wainhouse et al., 2016).

Glasgow City Region’s Forestry and Woodland 
Strategy (Clydeplan, 2015) outlines a range of these 
challenges, set out in Table 25.

Table 24. Extract of Climate change impacts on trees and forestry practices for Glasgow City Region.  
(Source: Clydeplan, 2015)

Effect Type Impact on trees Impacts on forestry practice

Changes in range / 
distribution of

insect pests (due to 
lessening of

climatic controls)

Increased windthrow potentially increasing available 
deadwood habitat for beetle and weevil population 
build-up

Potential need to adapt 
management approach and 
future woodland structure to 
reduce favourable conditions 
for pests.

Increased use of pesticides?

Additional stress factors increasing tree susceptibility 
to attack

Increased potential for multiple pathogen attack (e.g. 
by bark beetles and defoliating caterpillars)

Weather-related 
changes in

susceptibility to 
pathogen attack

Warmer, wetter winters improving conditions for 
fungal pathogens (e.g. red band needle blight, 
Chalara fraxinea/ Hymenoscyphus pseudoalbidus)

Higher summer temperatures and reduction in soil frosts 
increasing damage as a result of Phytophthora infection
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Biodiversity

Biodiversity plays an important part in the healthy 
functioning of an ecosystem. It is particularly crucial 
for increasing the resilience of an ecosystem. Within 
the Glasgow City Region, there are some important 
sites for local recreation and wildlife tourism which 
contribute to the economy as well as the enjoyment 
and sense of place of the local population. This 
section focuses, mostly, on terrestrial biodiversity as 
risks relating to the aquatic environment have been 
addressed in other sections.

NE10: Risk and opportunities for biodiversity 
from changes in habitat suitability  

Current / future 
level of risk

High

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  More action needed

 
Risk Description 

Climate change will lead to changes in temperature 
and rainfall patterns, which, in turn, will alter the 
composition of plant communities and habitats. It 
is thought that habitats may shift northwards, and 
some will change in character. Species differ in their 
ability to migrate, affecting their ability to adapt 
and survive. Connected habitats may help with this, 
although they will also make it easier for invasive 
species and pests to migrate. Invasive species will 
be better able to withstand the pressures of climate 
change and may outcompete native species.

Evidence for Glasgow City Region 

Climate change will lead to warmer wetter winters, 
drier and hotter summers, and a greater frequency of 
extreme weather events. As the average temperature 
increases, the range of some species and habitats 
may shift northwards, or to higher altitudes, to find a 
more suitable climate (IACCF, 2010). Where species 
are not able to move, because there is a barrier, 
or they are already at the highest point of a hill or 
mountain, they be lost from that area (Pearson and 
Dawson, 2003). 

Species differ in their ability to migrate, and it is not 
only physical barriers that can stand in their way. 
Species may not be able to move, if their habitat 
or food source cannot move at the same pace 
(Pearson and Dawson, 2003). For example, bees have 
persisted in areas, which are much warmer than their 
temperature range, and it is thought to be because 
the flowers they feed from have not moved (Ogilvie et 
al., 2017).

Many species and habitats in Scotland and in the 
Clyde region are already under considerable pressure 
from other land uses such as agriculture and urban 
development (Clydeplan, 2016). Many habitats 
are fragmented and their nature has been altered 
through management or pollution. Connected 
habitats, and larger habitats, increase the potential 
for species and the habitats and resources they 
depend on to migrate and adapt together (Pearson 
and Dawson, 2005). Such circumstances could also 
facilitate the spread of invasive species and pests, 
however (Clydeplan, 2016). 

What follows is a few examples of important, 
threatened, habitats and species from the Glasgow 
City Region. They’ve been included to illustrate the 
way climate change can interact with other pressures 
to exacerbate the difficulties faced by biodiversity.

The saltmarshes of The Inner Clyde Site of Special 
Scientific Interest 
The Inner Clyde Site of Special Scientific Interest 
(SSSI) contains the intertidal zone of the Clyde 
estuary from Clydebank in the east to a line between 
Helensburgh on the north shore and Greenock on the 
south shore. The site provides the largest example in 
west central Scotland of grazed and ungrazed upper 
saltmarsh with relatively uninterrupted transitions to 
swamp and grassland vegetation (SNH, 2010).

Sea levels are predicted to rise due to climate change. 
This is putting pressure on the habitat as it is being 
lost to the sea. Saltmarshes are able to adapt to 
sea level rise, under natural conditions (Mills, 2017). 
This is possible through a process of erosion at the 
seaward edge, couples with re-deposition of this 
material in higher areas of the marsh. The marsh 
effectively moves landward (Boorman, 2003). In parts 
of the Inner Clyde this process will not be possible 
because the coast has been developed and there is 
nowhere for the marsh to migrate to (Mills, Sheridan 
and Brown, 2017). As well as being designated for 
saltmarsh, the Inner Clyde SSSI supports nationally 
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important wintering populations of several species 
of waterfowl, including redshank, red-throated diver, 
cormorant, eider, goldeneye, red-breasted merganser 
and oystercatcher (SNH, 2010).

Semi-natural grasslands 
Semi-natural grasslands are an important habitat, 
both globally and in the Glasgow City Region. They 
can be found across the region and cover a range of 
habitats from meadow grassland, to upland dry heath 
grassland, among others (Clydeplan, 2016). Although 
examples of a range of grassland types are present, 
they are often fragmented and under pressure from 
grazing, development and pollution. There is also 
research to suggest that with climate change, the 
species composition of grasslands changes, becoming 
more dominated by generalist species (Christian et al., 
2013). 

A number of protected species in the Glasgow City 
Region depend on grasslands as their habitat e.g. 
small pearl-bordered fritillary, barn owl, bean geese. 
All three of these species are reported to be affected 
by climate change, in different ways (Roy and 
Sparks, 2000; Lehikoinen and Jaatinen, 2012; Pringle, 
Siriwardena and Toms, 2016; Oliver et al., 2017). 
Additionally, Glasgow has a nationally significant 
population of grassland (fossorial) water voles and 
it is unclear whether changes in the composition of 
grassland species, which could be brought about 
by climate change, will affect the population. 
Fragmentation and alteration of their habitat through 
a combination of climate change and land use 
change will only exacerbate the problem. A recent 
study showed that cold-associated species were more 
greatly affected by climate change in regions of 
intensively managed land (Oliver et al., 2017).

Peatlands  
Peatlands are an important habitat in Scotland 
and there are a number of important examples of 
raised bog, lowland raised bog, blanket bog and 
fen peat in the Glasgow City Region (Clydeplan, 
2016). Many of these bogs are designated, and 
are important habitats for birds, invertebrates and 
plants. For example, Longriggend Moss supports 
interesting spider fauna, whilst West Fannyside Moss 
is important for a population of Taiga bean geese, 
and Waukenwae Moss supports flocks of snipe and 
jack snipe (Clydeplan, 2016).

Many peatlands are already under pressure from 
overgrazing, drainage, forestry and peat cutting. 
They are systems which depend on fairly constant 
rainfall and low temperatures so that they can remain 
waterlogged (Lindsay, 2010). Despite this they have 
persisted in the UK, through changes in climate for 
thousands of years. They are able to do this due to 
the assemblages of sphagnum mosses, from which 
peat bogs are formed. Some mosses are better 
adapted to dry temperatures, some prefer the wet 
(Lindsay, 2010). These species work together to form 
the hummock and hollows pattern recognisable in 
many bogs. The proportions of different species varies 
depending on the climate, and in this way they adapt. 
Much of the land use pressure that they are currently 
under, alters or removes bog forming vegetation, 
rendering them unable to adapt (Lindsay, 2010).
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Marine

The Firth and the estuary of the Clyde are important 
for the region in terms of their contribution to the 
economy, biodiversity, and the natural and cultural 
heritage of the area. Fisheries, aquaculture, wildlife 
tourism and coastal recreation are important 
industries, all of which depend on the sustainability of 
the coastal and marine landforms and the habitats 
they support. Climate change will lead to warmer 
and more acidic waters, more frequent storms, higher 
sea levels and an increase in invasive and predatory 
species. These changes may result in the erosion 
of coastal landforms leading to a loss of habitat 
and important species. This risk is especially great 
where accommodation space (i.e. current land) is not 
provided for landforms and the habitats they support 
to dynamically adapt to changing conditions.

NE11: Risks to coastal habitats, and industries 
that depend on them, from sea level rise 

Current / future 
level of risk

High

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

 
Risk Description 

As sea levels rise, coastal habitats and landforms 
such as beaches, saltmarshes and mudflats will 
be significantly altered and/or may disappear due 
to coastal erosion and coastal squeeze that limits 
landward migration of these features. This has serious 
implications for some important nature conservation 
areas (including SSSIs and SACs) in the Clyde region 
as well as the current flood and storm alleviation 
these habitats provide to society. This may lead to 
increased costs arising from more frequent flood and 
erosion damage to people, infrastructure and assets 
on land (See In3, In7, In11, BE1 and, BI1). 

An increase in the frequency and severity of storms 
can damage aquaculture cages as well as making 
it harder for sea birds to forage for food, potentially 
adversely impacting wildlife tourism and aquaculture 
– important industries for the Clyde Marine Region. 

Evidence for Glasgow City Region

Sea-level rise 
Sea levels are rising due to a combination of thermal 
expansion of the water (60%) and the melting of 
glaciers, ice caps and polar ice sheets (40%). By 2080, 
sea levels in the Clyde Marine Region are expected 
to rise by 0.47m (Hansom et al., 2017). This is likely 
to cause coastal systems to migrate landward, 
through erosion of the intertidal zones – the ability for 
coastal landforms to adapt dynamically will depend 
on availability of landward accommodation space 
being made available through land-based planning 
(Brown et al., 2017; Naylor et al., 2017). The speed with 
which this is happening, means that some important 
coastal habitats such as saltmarshes and mudflats 
may disappear (Gedan, Silliman and Bertness, 2009). 
These are important, not only for the biodiversity and 
ecosystem functioning they support, but also as carbon 
sinks. It may take some time before these habitats and 
species adapt to these changes and the current nature 
of important habitats in the Firth of the Clyde, and the 
Clyde estuary, may be irrevocably changed. 

The Inner Clyde Site of Special Scientific Interest 
(SSSI) is one such area. The site is of national 
importance for its populations of wintering wildfowl 
and waders and is designated as an SPA for its 
wintering population of redshank. It also supports a 
variety of typical estuarine plant communities with 
good examples of transitions from salt marshes 
to brackish swamps and grassland periodically 
inundated with seawater. It is currently at risk due to 
a combination of sea level rise, storms and coastal 
erosion (Mills, Sheridan and Brown, 2017).

Storms  
Warmer air and sea temperatures and extreme 
weather associated with climate change my increase 
the intensity and severity of storms (Parry et al., 2007; 
Otto et al., 2018).Storm events can lead to flooding, 
erosion and erosion-induced flooding of coastal areas 
with considerable economic impacts. Storms can also 
reduce aquaculture fish stocks by damaging farm 
cages, with considerable economic impacts. A total 
of 2.18 million fish escaped over a seven-year period 
from Scottish fish farms, of which 38% escaped during 
a single storm event in 2005 (Callaway et al., 2012). 
The escape of farmed salmon could result in their 
hybridisation with wild stocks, with wider implications 
for the ecosystem. Storm damage can also lead to 
the introduction of predators and disease into cages, 
leading to further loss of stock (Mills, Sheridan and 
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Brown, 2017). Under a scenario of increasingly frequent 
and intense storms, farm cages will be more likely to 
get damaged, leading to greater economic losses.

Winter storms can make it difficult for seabirds to 
forage at sea and can result in reduced survival 
(Frederiksen et al., 2008). At times, this impact 
can be dramatic and some storms have resulted in 
large-scale mortality events or ‘wrecks’, when large 
numbers of dead or emaciated seabirds have been 
washed up on the shore. 

An increase in frequency of extreme weather events, 
as predicted by climate-change models, could lead to 
population declines and an increasing probability of 
extinction

NE12: Risks to marine biodiversity from 
increases in sea temperature 

Current / future 
level of risk

High

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

 
Risk Description 

Warmer sea temperatures will affect the distribution 
of marine species in the Clyde region. The impacts 
are greater than the lost species itself, as marine 
food webs can be complex and fragile. Changes in 
plankton can affect fish populations, which in turn 
affect seabirds and seasonal visitors to the region 
such as basking sharks. As well as the intrinsic value 
of marine biodiversity, wildlife tourism is an important 
industry in the Clyde region, and relies heavily on the 
functioning of the ecosystem.

Evidence for Glasgow City Region

The last 3 decades have seen sea surface 
temperature (SST) warming trends of 0.2 – 0. 6 ºC 
per decade around the UK (Jenkins, Perry and Prior, 
2008). Climate change models project that SST will 
continue to rise in these waters, with a 2ºC increase 
in temperatures predicted for the waters around the 
west of Scotland (Hughes et al., 2017).

Warmer temperatures are predicted to cause changes in 
species distributions. Some species will move northwards 
to colder waters, while warm adapted species will 
expand their range. Some species are also moving to 
deeper waters as a way to keep within their temperature 
range (Cheung et al., 2012). These shifts, not only cause 
direct loss of species from Scottish waters, and Scottish 
fisheries, but impact on the wider food web and marine 
ecosystem in the region (MCCIP, 2009).

Rising sea temperatures can negatively impact on 
plankton communities, leading to reductions in 
zooplankton, which is an important food source for 
larval fish (Pinnegar et al., 2017). This chain of events 
is thought to explain the correlation between warmer 
temperatures and reductions in sandeel productivity 
(Arnott and Ruxton, 2002; Daunt and Mitchell, 2013). 
Sandeels are an important food source for a range of 
seabirds, such as kittiwakes and black guillemots, which 
are resident in the region (Daunt and Mitchell, 2013).

Warming waters may affect the overall functioning 
of ecosystems. For example, kelp forests are an 
important nursery habitat for juvenile fish (Dayton, 
no date; Scottish Government, 2016c). They also act 
as a storm buffer and carbon sink (Smale et al., 2013; 
Pessarrodona et al., 2018). Research has shown that 
the ability of kelp forests to store carbon is reduced in 
warmer waters. Kelp species have differing temperature 
requirements and, as a result, some species are 
migrating north, towards Scottish water, while 
others are leaving (Pessarrodona, Foggo and Smale, 
2018). This could alter marine community structure 
and distribution, and in turn the functioning of the 
ecosystem (Smale et al., 2013; Pessarrodona, Foggo 
and Smale, 2018). As well as warming waters, kelp 
forests are also badly affected by ocean acidification 
and increased storminess of seas (Smale et al., 2013).

Most seabird species in the UK are at the southern 
limit of their range in the Northeast Atlantic, and their 
distribution is likely to be limited by climate (Pollock 
et al., 2000; Daunt and Mitchell, 2013). If this is the 
case, as the climate in the UK changes we may expect 
a northwards shift in range, resulting in fewer seabird 
species breeding in the UK, and a possible change in 
overall breeding numbers, depending on the availability 
of nesting sites and food elsewhere. A modelling study 
carried out by researchers at Durham University, in 
conjunction with the RSPB predicted that by the end of 
21st century, the range of black guillemot and common 
gull may shrink so much that only Shetland and the 
most northerly tips of mainland Scotland would hold 
breeding colonies (Huntley B. et al., 2007).
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NE13: Risks to marine biodiversity from ocean 
acidification 

Current / future 
level of risk

Medium

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

 
Risk Description 

Oceans absorb carbon dioxide from the atmosphere, 
producing carbonic acid. This decreases the pH of 
the water, with serious consequences for shelled 
organisms, and other sea creatures. For example, 
their shells and exoskeletons may become brittle or 
be slower to develop and their growth may also be 
affected. This is particularly relevant to the Clyde 
Region, as shellfish make up over 90% of the sea 
fish that are landed, and a significant portion of 
aquaculture production.

Evidence for Glasgow City Region

There is strong evidence showing that oceans are 
becoming more acidic, as they absorb carbon dioxide 
from the atmosphere (Williamson, Turley and Ostle, 
2017). This trend will continue for as long as levels 
of atmospheric carbon dioxide remain elevated. 
Acidification has been happening at a faster rate in 
seas around the UK, although the cause of this is not 
certain.

The decreasing pH of the seas is predicted to have a 
negative impact on marine life, and industries that 
rely on a healthy and productive marine environment. 
(Pinnegar et al., 2017). Acidity may be corrosive to 

the shells and skeletons of marine organisms, or 
may affect the ability of organisms to build shells 
(Williamson, Turley and Ostle, 2017). There is also 
concern that cold water corals may be sensitive to 
decreasing pH (Hennige et al., 2014; Gori et al., 2016). 
Loss of coral will have implications for the fish and 
other sea life, which use them as shelter. 

Maerl beds are an important coral in the Clyde region, 
providing a habitat for a variety of sea creatures and, 
as such, have been listed as a Priority Marine Feature. 
They provide another example of the compounding 
effects of management and climate change on 
ecosystems. Maerl beds are highly sensitive to 
physical disturbance, particularly in the form of 
abrasion and habitat removal or change, organic 
enrichment, siltation and changes in water flow (Hall-
Spencer and Moore, 2000). Activities associated 
with these pressures include bottom-contacting 
fishing, aquaculture (Hall-Spencer et al., 2006) and 
coastal development (Mazik et al., 2015), all activities 
that take place in the Clyde Marine Region. Ocean 
acidification, brought about by climate change, may 
threaten the growth and integrity of maerl beds, 
which may in turn have consequences for associated 
marine communities (Birchenough et al., 2013). 
Rises in seawater temperature may also affect the 
distribution of different maerl species, with potential 
secondary impacts on community structure and 
composition (Birchenough et al., 2013; Martin and 
Hall-Spencer, 2017). 

The Marine Climate Change Impacts Partnership 
(MCCIP) 2013 science review predicted that ocean 
acidification (assuming a doubling of atmospheric 
CO2 and a 10-25% reduction in growth calcification) 
would result in a 10-25% loss in shellfish landings, 
equating to a loss of £100-500 million per year by 
2080 from the UK economy (Williamson et al., 2013). 
This would be particularly detrimental to the Clyde 
fishing industry, for which shellfish are particularly 
important. 
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NE14: Risks to marine biodiversity from pests 
and invasive species 

Current / future 
level of risk

High

Adaptation 
shortfall

Less significant

Benefits to  
further action

Not Scored

Urgency score  Sustain current action

 
Risk Description 

Warming waters will enable some species to expand 
northwards. Invasive species tend to be adaptive and 
can establish and thrive in a range of habitats. There 
are concerns that coastal flood defences provide 
a habitat for invasive species, which cannot be 
exploited by native species, as they have more specific 
habitat requirements.

Evidence for Glasgow City Region

Invasive non-native species (INNS) are one of the 
greatest threats to biodiversity, being capable of 
rapidly colonising a wide range of habitats and 
excluding the native flora and fauna. This can be 
through competition for resources such as space, light 
and food or in some cases, local species can become 
prey to INNS. Non-native species become ‘invasive’ 
(INNS) when they thrive aggressively and threaten 
native species, ecosystems, natural features (such as 
riverbanks), or interfere with manmade structures and 
business interests such as aquaculture or fisheries. 
They can also clog, smother, damage and disable 
machinery, water intakes and other structures, such as 
lock gates, pontoons and boat hulls (Mills, 2011).

The Firth of Clyde is an important international 
shipping route, and also attracts leisure boats 
from around the UK and overseas (Mills, Sheridan 
and Brown, 2017). This increases the chances of 
non-native species arriving to the area. The warm 
temperatures brought on by climate change mean 
that invasive species are more likely to be able to 
survive and thrive in the waters of the Clyde region 
(Cottier-Cook et al., 2017). Indeed, some invasive 
species, which were restricted to the warm waters 
near power station effluent channels, have now been 
able to expand their range to wider waters (Cottier-
Cook et al., 2017).

SNH is the overall co-ordinating body for NNS 
and INNS, with Marine Scotland having specific 
responsibility for INNS in the Marine Environment. 
The two marine habitat species currently listed as 
non-native species of concern are the Chinese Mitten 
Crab (Eriochier sinensis), and the Slipper Limpetit. 
Both are not currently wild in Scotland.

Invasive species tend to be generalists and are more 
likely to thrive in the conditions created by climate 
change that native species find inhospitable. For 
example, some species are better suited to the more 
acidic seas we are now experiencing (Somero, 2010). 
Flood defences may also provide an ideal habitat for 
invasive species, whilst native species can find it hard 
to establish on these man-made structures (Bulleri 
and Airoldi, 2005; Farrell and Fletcher, 2006; Bishop 
et al., 2017). Extreme weather events such as intense 
storms are likely to lead to stressful conditions for 
ecology, including pulses of low salinity water from 
terrestrial floods, physical disturbance, sediment re-
suspension and deposition, which could potentially 
give a competitive advantage to certain non-native 
species (Cook et al., 2014; Foster et al., 2016; Cottier-
Cook et al., 2017).

Freshwater  
The River Clyde and its tributaries are subject to 
many anthropogenic influences. In the upper reaches 
these include forestry, mining and agriculture whilst 
downstream, industry and urbanisation are significant 
pressures. Substantial portions of the system have 
been heavily engineered for water supply, land grab 
and navigation. The Clyde is a busy urban catchment, 
which is used in many different ways; for wastewater 
disposal, manufacturing, recreation, navigation, 
water supply and agriculture. Although the Clyde 
and its tributaries are recovering from centuries of 
human impact, water quality is generally high, in the 
headwaters. As a result the Clyde supports valuable 
fisheries for Atlantic salmon (Salmo salar), sea trout 
and resident brown trout (Salmo trutta), as well as a 
number of scientifically important and endangered 
species such as the river lamprey (Lampetra fulviatilis), 
sea lamprey (Petromyzon marinus) and European eel 
(Anguilla anguilla). The ecology of the Clyde could 
be significantly altered by climate change. Changes 
in river temperature and flow will affect habitat 
quality and in turn this will affect species composition. 
The importance of the Firth of Clyde for trade and 
transport has always made the region vulnerable to 
invasive species. This is likely to increase with climate 
change.
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NE15: Risks to freshwater biodiversity from 
changes in water regimes 

Current / future 
level of risk

High

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

 
Risk Description 

Climate change will increase the seasonality of 
rainfall and river flow regimes. Wetter winters are 
predicted, with more intense rainfall events and 
storms, leading to more high flow events and floods. 
Summer rainfall will be reduced, combined with higher 
air temperatures, this will lead to more low flow and 
drought events. These traits will lead to lower levels of 
oxygen in water, build-up of pollutants, disruption to 
migration, higher sediment loads, and damage to fish 
at adult and developmental phases.

Evidence for Glasgow City Region

Rainfall is likely to become more seasonal, with 
heavier winter rains and much drier summers, as 
a result of climate change. This will have serious 
implications for freshwater organisms.

The low flows predicted for summer months will 
affect oxygen levels in the water, the dilution of 
pollutants and the ability of migrating fish to travel 
upstream. Low flows will also compound the effects of 
rising temperatures (Ormerod and Durance, 2016). 

Lower flows and reduced velocities result in higher river 
and loch water residence times, which will enhance 
the potential for algal and cyanobacterial blooms and 
reduce dissolved oxygen levels. At low flows, there is 
also less water into which oxygen can dissolve, as well 
as less mechanical mixing as turbulence is lost, and so 
competition for oxygen increases. Such conditions can 
lead to death of fish and other organisms (Mcintyre, 
Fernandes and Turrell, 2012; Cosgrove et al., 2016; 
Ormerod and Durance, 2016).

Lower minimum flows imply less volume for dilution 
and higher concentrations downstream of point 

discharges such as wastewater treatment works 
(WTWs). Without increases in storage and treatment 
capacity at waste-water treatment works there 
is likely to be an increase in overspill of untreated 
sewage to rivers. Storm events during low flow 
periods have the worst consequences for aquatic 
life as there is less dilution for ammonia and other 
pollutants and the animals are already under stress. 
This could counter efforts to improve water quality 
standards, and to meet Water Framework Directive 
(WFD) objectives to restore and protect freshwater 
ecosystems (Whitehead et al., 2016). 

A number of important fish species in the Clyde 
region, such as Atlantic salmon, sea trout, and 
andromous lamprey species, migrate upstream in 
order to spawn (Mcintyre, Fernandes and Turrell, 
2012). At low flows there may be portions of the river 
which are impassable. In some portions of the river, 
weirs and other alterations which serve as a barrier, 
already reduce the ability of fish to migrate. With 
climate change the effects may be worse for some 
species. Fish passes have been installed on part of the 
River Avon in South Lanarkshire, where old weirs were 
obstructing migrating fish (Lundberg K, 2017). 

As well as damage cause to houses, agriculture 
and infrastructure, high flows can have serious 
consequences for aquatic life. When spawning, 
Atlantic salmon, trout and lampreys create nests, or 
redds, for their eggs. During high flows these can be 
washed away and the eggs destroyed (Parry et al., 
2018). Extremely high flows, during storms, can also 
lead to adult or juvenile fish being washed up onto 
banks and against barriers, leading to fish mortality. 
Such storm are set to increase in frequency, with 
climate change.

High flows lead to increased erosion of riverbanks 
bringing an increased sediment load and resultant 
changes to the turbidity of the water and the particle 
size of the river substrate. There may also be a direct 
removal of niche habitats and surface run off may 
contribute extra nutrients and contaminants (Berli et 
al., 2014). 

All of these factors will affect the variety of 
invertebrates which can thrive at a site. Most aquatic 
life is well adapted to cope temporarily with such 
events as they do occur naturally, but in the Clyde, 
morphological alterations and barriers such as the 
Tidal Weir mean that downstream flow is interrupted 
and sediment may accumulate and be deposited in 
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large quantities behind them. This habitat change 
has changed the invertebrate communities present, 
particularly at Tidal Weir.

Increased turbidity reduces the amount of light 
that can penetrate the water, reducing the ability of 
aquatic plants to photosynthesise (Bash, Berman and 
Bolton, 2001). Primary productivity is reduced, as is 
the amount of oxygen in the water. 

Fish eggs often require fairly high levels of dissolved 
oxygen and are laid in pores and interstitial spaces 
where they will be able to access it (Greig, Sear 
and Carling, 2005). Sediment can clog these pores 
and even bury the eggs. High levels of suspended 
sediment can also reduce levels of dissolved oxygen, 
if they have a high organic content, as the organic 
matter is decomposed in a process that uses oxygen 
(Michel et al., 2014). 

Sediment can also irritate fish gills and impede 
fish movement in the water (Salmon & Trout 
Conservation, no date; Schleiger, 2000; Williamson 
et al., 2013). Invertebrates are also affected by 
high levels of suspended sediment in various ways 
including; scour damage, burial of heavy or immobile 
species, the clogging of gills or feeding structures, and 
reduction in interstitial habitat. Loss of invertebrates 
can have serious consequences for the rest of the 
ecosystem (Newcombe and Macdonald, 1991).

Coarse particulate organic matter which is the 
foodstuff of many invertebrates builds up during 
lower flow periods and may be dramatically removed 
during flood flows. This boom and bust in terms of 
food supply will favour species which can colonise 
rapidly rather than enabling development of a stable 
aquatic community. 

NE16: Risks to freshwater biodiversity from 
changes in temperature 

Current / future 
level of risk

High

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

 

Risk Description 

River temperatures are predicted to rise as a 
result of climate change. This could have serious 
implications for cold water adapted species such as 
salmonids, which will be forced to migrate north. 
Warmer temperatures also disrupt populations of 
river invertebrates such as freshwater pearl mussel 
(Margaritifera margaritifera) and upland summer 
mayfly (Ameletus inopinatus). These are an important 
part of freshwater food webs and their migration 
upstream could have knock on effects for the 
ecosystem.

Evidence for Glasgow City Region

River temperatures are tightly coupled to changes 
in atmospheric temperature and so will experience 
rises in temperature similar to those predicted for air 
temperatures. This will have serious implications for 
some river species and ecosystems. 

Increasing water temperatures can reduce dissolved 
oxygen in a number of ways. Primary production 
and decomposition both increase with increased 
water temperature and thereby exert an increased 
biological oxygen demand (BOD). As water 
temperature rises, oxygen solubility decreases. 
Oxygen levels in the water will therefore, be lower 
at higher temperatures (Moss, 2014; Ormerod 
and Durance, 2016; Lundberg K, 2017). Higher 
temperatures will often also be associated with water 
stress on land, and so abstraction for irrigation may 
rise, putting extra pressure on water sources. This may 
lead to low flows, and reductions in oxygen levels. 
Oxygen in water is vital for aquatic life. Insufficient 
amounts lead to mortality of fish, invertebrates and 
other organisms (Ormerod and Durance, 2016).

One of the main expected consequences of water 
temperature rise is that current habitats for cold 
water species such as Atlantic salmon and trout, 
will no longer be suitable. The Clyde is an example 
of one such habitat. Atlantic salmon and trout are 
important species for the region, both ecologically 
and economically (Lundberg K, 2017). 

Increased temperatures exert stress on the physiology 
of species adapted to cold water such as salmonid 
fish. Although there were no reports of temperature-
related fish kills in the main stem of the Clyde during 
the warm dry summer of 2018 when temperatures 
approached 22C, other catchments were affected.
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The vast majority of the Clyde and all its tributaries 
are very rich in nutrients and high in primary 
production. An increase in temperature may enable 
algae to take further advantage of this and result in 
an increase in algal blooms in relevant sections of the 
water body.

Water temperatures also regulate the behaviour 
of aquatic organisms, such as fish migration, and 
the timing of emergence and abundance of insect 
populations at different lifecycle stages (Davidson I. 
C. and Hazelwood M.S., 2005). The timing of some 
seasonal events has already been shown to have 
changed significantly: since the 1970s dippers (Cinclus 
cinclus) have been laying eggs three days earlier each 
decade on average (or 4 days earlier per 1°C warmer) 
(Whitehead et al., 2009).

This change in synchronicity between aquatic 
organisms, caused by warmer temperatures, is 
implicated in reductions in freshwater pearl numbers 
(Hastie et al., 2003; Cosgrove et al., 2012; Bolotov et 
al., 2018). Scotland is a haven for the freshwater pearl 
mussel, which is of high conservation value (SEPA, 
no date). The mussels are attached to the river bed 
as an adult, but live as a parasitic larvae in salmonid 
fish during their early development (larval) stages 
(Cosgrove et al., 2016). Adult mussel populations have 
been declining and low numbers of young mussels 
have been reported (Skinner, Young and Hastie, 
2003; Cosgrove et al., 2016; Bolotov et al., 2018). 
Some studies have suggested that higher water 
temperature affect the development of the larva-
stage of the mussels through a disruption of life-cycle 
timing between the larva and its salmonid host (SEPA, 
no date; Hastie and Young, 2000; Lois et al., 2015). 
This does need further investigation, however.

Freshwater invertebrates are at the bottom of the 
food chain and are the staple diet for many other 
important aquatic organisms, such as Atlantic 
salmon and trout. Upland summer mayfly is an 
important species for biodiversity and it is thought 
that higher altitude rivers in Scotland will be an 
increasingly important refuge for this species under 
further climate change (SEPA, no date). The higher 
altitude streams and tributaries of the Clyde River are 
predicted to be important refuges for this mayfly and 
other important invertebrates.

NE17: Risks to freshwater biodiversity from 
pests, invasive species and disease 

Current / future 
level of risk

High

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  More action needed

 
Risk Description 

Rising temperatures and more frequent habitat 
disturbance may provide opportunities for generalist, 
or better-adapted species to establish in the Clyde 
region. The arrival of invasive species is often caused 
by human activities such as international trade and 
travel, rather than climate change. Rapid changes 
in our environment can exacerbate the problem by 
making native species more vulnerable, and providing 
conditions that are better suited to invasive species. 
Some species of concern have the potential to cause 
serious economic and environmental damage to the 
Clyde region.

Evidence for Glasgow City Region 

Invasive species are often generalists and are more 
resilient to disruption and changes in habitat. This 
means they are well equipped to take advantage of 
the opportunities that climate change will bring. 

As cold-adapted species are forced to move north, 
there will be opportunities for warmer adapted 
species to take their place. The storms and 
fluctuations that we can expect from climate change 
will be physically disruptive, perhaps removing and 
changing banks, pools and other habitats. Generalist 
species are better able to colonise new areas and 
adapt to new circumstances (Salmon & Trout 
Conservation, no date; Moss, 2014).

The zebra mussel (Dreissena polymorpha), which is 
a species non-native invasive species of concern for 
the Clyde region, is able to withstand a wide range 
of temperatures and salinities (Mills, 2011; Cook et 
al., 2014). It has been found at ports in the south 
of England and it is thought to be a matter of time 
before it makes its way up to Scotland. From the 
Clyde Estuary it will be able to migrate upstream. In 
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areas where it has already become established it has 
outcompeted native mussel populations (Cook et al., 
2014).

First introduced to the Thames Estuary in 1935, 
the Chinese mitten crab (Eriocheir sinensis) is now 
established in several sites throughout England and 
Wales. The remains of a female Chinese mitten 
crab were found in the Clyde in 2016, and research 
is underway to determine whether it has become 
established in the area (Yeomans and Clark, 2016).

Juveniles occur in lower estuaries and marine habitats. 
As they develop, young crabs migrate upstream, into 
freshwater and brackish systems. Adults usually live 
in burrows in muddy riverbanks. Adults migrate into 
deep, open, saltwater locations to reproduce (Mills, 
2011). Optimal conditions for Chinese mitten crabs 
are slow moving, warm and shallow water, with long 
flushing into large estuaries. They can survive at cold 
temperatures, although they need temperatures 
above 12ºC for larval development. Warmer winter 
temperatures in the Clyde, therefore, are less likely to 
exert control over their populations (Mills, 2011).

This species can impact marine and freshwater 
ecosystems and is a voracious predator that will 
consume a range of invertebrate species and the eggs 
of fish leading, to competition with native species 
and impacting invertebrate and fish populations. It 
burrows into river banks, increasing erosion and river 
turbidity, and causing bank collapse (Mills, 2011). 
Burrowing also leads to the siltation of gravel beds, 
including those used for fish spawning. Now that 
Chinese mitten crab has begun to expand its range 
in Great Britain, it can be expected to spread through 
natural dispersal. There establishment in the Clyde 
region has considerable potential for damage to both 
marine and freshwater systems. There are concerns 
regarding the impact they might have on Atlantic 
salmon and trout populations (Mills, 2011).

Geoheritage 

NE18: Risks to nationally and internationally 
significant geoheritage sites from flooding and 
erosion, and coastal, vegetation, freeze-thaw 
and rainfall change 

Current / future 
level of risk

Low

Adaptation 
shortfall

Less significant

Benefits to  
further action

Not Scored

Urgency score  Sustain current action

 
Risk Description 

Geological Conservation Review sites are sites of 
national and international importance needed to 
show all the key scientific elements of the Earth 
heritage of Britain. These sites display sediments, 
rocks, fossils, and features of the landscape that 
make a special contribution to our understanding 
and appreciation of Earth science and the geological 
history of Britain, which stretches back over 2,800 
million years. Climate change may have negative 
impacts on rock exposures and landforms, as well as 
the dynamics of the landform processes that shape 
the Glasgow City Region’s landscapes, habitats and 
ecosystems. Changes in rocks, landforms and soils 
that form the basis of ecosystems can also impact on 
local plants and animals. 

Evidence for Glasgow City Region

There are 32 geoheritage sites across Glasgow 
City Region, spread across all of the authorities, 
but with a majority in South Lanarkshire and West 
Dunbartonshire. SNH has developed a risk-based 
assessment to identify the risks and impact of climate 
change on Scottish geoheritage sites (SNH, 2018), 
and has evaluated the risk from five different climatic 
changes:

• River flooding and erosion
• Coastal Change
• Vegetation Change
• Freeze thaw change
• Rainfall change
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The overall changes have been classified into 5 
risk categories, as shown in figure 26, based on a 
‘medium’ emissions scenario out to 2100.

Of the 32, only two are unnotified as SSSI features 
– Bridge of Weir in Renfrewshire which is not in an 
SSSI area and Dunside in South Lanarkshire which 
is only part included. National Park Authorities and 
some Local Authorities treat GCR sites as candidate 

SSSIs and afford them the same protection as SSSIs. 
Some unnotified GCR sites are also Local Geodiversity 
Sites (LGS) and as such they are afforded levels of 
protection appropriate to locally important sites 
(though they are, themselves, considered to be of 
national or international importance). The remaining 
unnotified GCR sites have no statutory protection, 
although they are considered to be sites of national or 
international importance (SNH, 2018b). 

Figure 26. Climate Change risk classifications for Geological Conservation Review Sites. (Source: Scottish Natural 
Heritage, 2018).
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Overview

Glasgow City Region is the economic powerhouse of 
the Scottish economy, home to a third of Scotland’s 
population and contributing a third of Scotland’s 
Gross Added Value. The city region has a vision to 
create a strong, inclusive, competitive and outward-
looking economy, sustaining growth and prosperity 
with every person and business reaching their full 
potential. A number of plans and strategies support 
this vision (Box 9). The activities associated with each 
of these will need to be reviewed with current and 
future climate risks and opportunities in mind.

Box 9. Glasgow City Region plans and 
strategies that relate to the built environment

• Glasgow City Region Economic Strategy and 
Action Plan 

• Strategic development plan
• Local economic development strategies
• Glasgow City Region Tourism Strategy 

Key climate related risks and 
opportunities 

Climate change will affect the city region’s economy, 
business and industry by: 

• Increasing business disruption due to extreme 
weather events, flooding, coastal erosion, and 
sea level rise. Infrastructure disruption may affect 
the ability of employees to access sites, prevent them 
working remotely whilst higher temperatures may 
reduce productivity or even stop work completely.

• Disrupting wider supply chains and business 
productivity. Small businesses make up the 
majority of businesses in the city region. They are 
particularly at risk as they are less able to prepare, 
respond and recover than larger organisations.

• Impacting business productivity due to 
water scarcity which could impact certain 
manufacturing sub-sectors that are water-intense, 
such as chemical products, basic metals, paper 
products, food and beverages.

THEME 5 – ECONOMY, BUSINESS 
AND INDUSTRY 

Box 10. Economy, business and industry related risks and opportunities for Glasgow City Region

Ref Risk / Opportunity Description Urgency Score

Risks

BI1 Risk to new and existing business sites from river, surface water and 
coastal flooding.

 More action needed

BI2 Risks to business operations from water scarcity  Sustain current action

BI3 Risks to business from reduced employee productivity due to 
infrastructure disruption and higher temperatures in working 
environments

 Build capacity and 
understanding

BI4 Risks to business from disruption to supply chains and distribution 
networks

 More action needed

Opportunities

BI5 Opportunities for products and services to support adaptation to 
climate change

 More action needed

BI6 Increased tourism revenue from increased temperatures  Sustain current action
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• Increasing tourism related opportunities due to 
warmer temperatures and improved average climate. 
This city region’s forestry and woodland could benefit 
significantly, increasing the numbers of activities 
available for tourists, such as walking and cycling.

• Providing opportunities for developing new 
products and services to support adaptation. 
The city region is already selling goods and 
services and innovating. Improving economic 
development policy could ensure the city region 
has a leading role in a strategic opportunity 
for Scotland in a similar way to the low carbon 
economy, helping secure economic benefit whilst 
improving local adaptation and resilience.

The key risks and opportunities related to the 
economy, business and industry, and their urgency 
score are shown in Box 10.

Next steps to creating a climate-
resilient economy, business and 
industry

• Continue to deliver flood risk reduction projects to 
reduce the risk to existing non-domestic premises, 
and future investment locations.

• More direct support to businesses (and particularly 
SMEs) to understand how climate hazards will 
affect their business and to adapt. This includes 
understanding risks to premises, productivity and 
supply chain risks due to floods, heat, and wider 
hazards.

• Analyse how business supply chain disruption may 
be experienced in the city region, and support 
businesses to improve their supply chain resilience. 

• Continue to develop the tourism offer of the city 
region to make the most of a future climate. 

• Provide economic development support to the 
adaptation economy, to ensure the city region seizes 
the small but strategically important sector capturing 
the associated economic uplift and expertise. 

• Review how the various Glasgow City Region 
plans and strategies that relate to the economy, 
business and industry (see Box 5) as well as 
national plans applied locally address future 
climate projections.

Sector Context 

Glasgow City Region is the powerhouse of the Scottish 
economy, driving prosperity for a third of Scotland’s 
population. 855,500 between 16 and 64 are employed 
within the city region (Scottish Government, 2017c), 
and Glasgow City Region’s Gross Value Added (the 
goods and services added to the City Region) totals 
£40Bn p.a.; a third of Scotland’s total. However, our 
economy is undergoing a transformation. Glasgow City 
Region is shifting its focus from pure economic growth, 
instead seeking to build an economy that works for 
everyone and operates within environmental limits. 
Effort to develop in a way that is sustainable now 
and into the future can be seen in the development 
and implementation of inclusive growth agendas, as 
well as efforts to address water security, energy and 
resource efficiency, greening waste management and 
encouraging the circular economy. 

National Priorities

Scotland’s Economic Strategy (Scottish Government, 
2015b) sets the framework for how the Scottish 
Government aims to achieve a more productive, 
cohesive and fairer Scotland. The approach is based 
on increasing competitiveness and tackling inequality. 
The Government’s approach to delivering sustainable 
economic growth is characterised by four key 
objectives to create: 

• An economy where growth is underpinned by 
long-term sustainable investment in people, 
infrastructure and assets; 

• An economy where growth is based on innovation, 
change and openness to new ways of doing things; 

• A society that promotes inclusive growth and 
creates opportunity through a fair and inclusive 
jobs market and regional cohesion to provide 
economic opportunities across all of Scotland; and 

• A country with an international outlook and focus, 
open to trade, migration and new ideas. 

The economic strategy also identifies Food & Drink 
(including agriculture & fisheries), Creative Industries 
(including digital), Sustainable Tourism, Energy 
(including renewables), Financial & Business Services, 
and life sciences as growth sectors where Scotland 
has a comparative advantage.
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These objectives contribute to a range of National 
Performance Framework outcomes and Sustainable 
Development Goals (see Table 26).

The Scottish Climate Change Adaptation Programme 
(SCCAP) (Scottish Government, 2014c) does not have 
a theme dedicated to business or industry, but it does 
emphasise that the private sector has a role to play 
in adaptation. Businesses of all sizes can engage their 
workforce and influence customers, and can also 
be affected by supply chain risks and infrastructure 
disruption. The SCCAP also recognises that a 
changing climate may bring new opportunities for 
businesses in the form of new markets, strengthened 
supplier relations through building resilience, and 
increased brand loyalty as customers place value 
action on climate change related issues.

Glasgow City Region priorities

The Glasgow City Region’s priorities for business 
and industry are set out in the Glasgow City Region 
Economic Strategy and Action Plan (Glasgow City 
Region, 2017). This sets out the city region’s vision 
to 2035, to create a strong, inclusive, competitive 
and outward-looking economy that sustains growth 
and prosperity, allowing every person and business 
reaching their full potential.

The strategy contains a wide range of actions and 
targets, but the key ones include: 

• Increasing the working population by over 50,000 
by 2035;

• Increasing the number of jobs in our city region by 
over 100,000;

• Attracting an additional 1 million tourists annually 
to the city region by 2023; and

• Creating 6,500 new businesses in the city region 
through to 2035.

The economic strategy highlights that Glasgow 
City Region has comparative strength in financial 
services; business administration; creative industries; 
distribution; transport; and manufacturing and 
production.

Over 50% of the city region’s Gross Value Added 
comes from Manufacturing & Production; 
Distribution; transport; accommodation and food; 
public administration; education; health. This has 
remained fairly consistent since 2009. The city region 
has a lower than average proportion of employment 
in Scotland’s six key growth sectors, though they still 
make a strong contribution to overall employment 
numbers. 

Table 25. National Performance Framework Outcomes 
and Sustainable Development Goals relevant to 
economy, business and Industry

National Performance 
Framework outcomes

Sustainable 
Development Goals

 We have a globally 
competitive, 
entrepreneurial, 
inclusive and 
sustainable 
economy

 We have thriving 
and innovative 
businesses, with 
quality jobs and 
fair work for 
everyone

 We are well 
educated, skilled 
and able to 
contribute to 
society
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Whilst there is an emerging common approach to 
economic development across the city region, there 
are also eight local economic development strategies 
in place that provide locally focussed, tailored 
activities. While each strategy is tailored to their local 
authority area, all share a common focus on: 

• Creating more and better jobs;
• Strengthening and growing the business base 

in absolute terms, by the size of business and 
improving the productivity of existing businesses;

• Building the skills base and improving 
employability; 

• Infrastructure to support economic growth;
• Growing the working age population;
• Targeting key sectors of strength and opportunity;
• Economic diversity; and
• A focus on innovation; sustained growth and 

prosperity for all.

The Regional Economic Strategy is supported by the 
Strategic Development Plan (SDP) which provides a 
spatial framework for the development of the city 
region’s economy. The plan is designed to tackle 
economic, social and environmental challenges 
that are shared across the city region. It identifies 
geographic areas for development including Strategic 
Economic Investment Locations, Strategic Freight 
Transport Hubs, and the network of Strategic Centres 
to support the city region’s economy. Finally, tourism 
is playing an increasing role in the region’s economy. 
The recently launched Glasgow City Region Tourism 
Strategy (2018a) and Action Plan (2018b) set out 
ambitions to increase the number of tourists a year by 
one million by 2023. 

Risks to economy, business and 
industry

BI1: Risk to new and existing business sites from 
river, surface water and coastal flooding 

Current / future 
level of risk

High

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  More action needed

 
Risk Description 

As climate change increases precipitation across 
Glasgow City Region, businesses will potentially be 
at increasing risk of flooding from more frequent 
extreme weather and storms and the effects of sea 
level rise. The risk of inundation and flooding can 
damage stock, assets and premises, disrupt local and 
international supply chains and influence customer 
behaviour. Small and Medium Size Enterprises 
(SMEs) are particularly vulnerable, as they are less 
able to prepare, respond and recover than larger 
organisations.

Evidence for Glasgow City Region

There are approximately 52,415 businesses in 
Glasgow City Region (Scottish Government, 2017d). 
Small business comprises the majority of these, with 
90% (47,370) having under 50 employees. Research 
by Kingston University (2015) has shown SMEs are 
particularly vulnerable to the impacts of flooding 
because they are likely to be underinsured, and they 
have limited financial reserves to fund recovery. 
Indirect impacts can be particularly high as their 
localised sales and supply networks will also likely be 
impacted by flooding.

One of the key risks to business sites is flooding from 
surface water, as well as a lower set of risks from 
coastal and river flooding. There are 9,400 non-
domestic premises at risk of flooding in the Clyde and 
Loch Lomond Local Plan District, and this is projected 
to rise to 13,800 by the 2080s, though these figures 
only consider current buildings, and do not account 
for planned growth.
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Table 26. Non-domestic premises at risk of flooding (Source: SEPA, 2015)

Source Current 
numbers

Annual Average 
Damages (Current)

Future numbers (UKCP09, 
2080s High Emission)

River Flooding (Clyde) 1,800 £6.4 million 2,900

Coastal 1,300 £11 million 2,400

Surface Water 6,300 £8.8 million 8,500

Total 9,400 £26.2 million 13,800

Figure 27. Glasgow City Region Strategic Economic Investment Locations. (Source: Clydeplan, 2017a)

support the long-term vision of a rebalanced low 
carbon economy, boosting competitiveness and 
tackling inequality. 

An initial assessment by Climate Ready Clyde has 
identified that 12 of the SEILs (in Glasgow,  
Inverclyde, Renfrewshire, South Lanarkshire and  
West Dunbartonshire) are at a moderate risk of 
flooding, with 10-50% of the site at risk of flooding 
from a 1 in 200-year return period (including 
climate change uplifts for surface water) (Clydeplan, 
2017a). The majority of these are in Glasgow and 
Renfrewshire, with a mix of surface water, coastal  
and river flooding. 

In support of the city region’s economy Clydeplan’s 
Strategic Development Plan (2017b) identifies 
areas where new businesses are likely to invest 
through the designation of Strategic Economic 
Investment Locations (SEILs), Strategic Freight Hubs 
and a Network of Strategic Centres and a broader, 
more locally focussed industrial land supply for 
Glasgow City Region. The SEILs have been defined 
as the priority locations to promote the Scottish 
Government’s key economic sectors, Scottish 
Enterprise’s locational priorities, and as being in 
a sustainable location. The Spatial Development 
Strategy identifies 22 Strategic Economic Investment 
Locations (SEILs) in Glasgow City Region which will 
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Alongside the SEILs, Glasgow City Region’s broader 
supply of land for business is identified in the 
Industrial Land Supply. 71 of the 535 sites in the 
Industrial Land Supply have been identified as 
having 50-100% of their area at risk of river, coastal 
or surface water flooding (Clydeplan, 2017a), for a 
1 in 200-year return period event (including climate 
change for surface water). The majority of these 
sites are in West Dunbartonshire from a combination 
of river, coastal and surface water flooding, with a 
smaller number in Renfrewshire (with the same mix 
of flooding sources) and South Lanarkshire (driven 
by surface water and river flooding). This uncertainty 
around the extent and severity of flooding risk 
indicates the strong need to ensure that effective 
management and adaptation processes are in place 
to protect the city region’s businesses now and into 
the future. 

Clydeplan’s SDP also identifies a network of strategic 
centres, a high proportion of which have parts of their 
centre which are subject to flood risk.

Sea Level Rise has the potential to increase risk of 
flooding in some areas. There are identified risks 
in the 2080s to the harbour in Inverkip, industrial 
estates, development opportunities and infrastructure 
in Greenock, an industrial estate in Gourock, the 
former Exxon site in West Dunbartonshire, and a golf 
course in Renfrewshire (Hansom et al., 2017). This is 
likely an underestimate in terms of impact due to the 
report not covering the entire stretch of the Clyde as 
far as Glasgow.

BI2: Risks to business operations from water 
scarcity

Current / future 
level of risk

Medium

Adaptation 
shortfall

Less significant

Benefits to  
further action

N/A

Urgency score  Sustain current action

 
Risk Description 

Water-intense manufacturing sub-sectors such as 
chemicals and chemical products, basic metals, paper 
and paper products, beverages and food products 
are at higher risk of water scarcity as climate change 
alters levels of precipitation in the West Scotland, 
particularly in projected hotter and drier summer 
months. In addition, because water is a public good, 
this risk is also linked to the use of water and policies 
in agriculture as set out in the Natural Environment 
theme.

Evidence for Glasgow City Region

The water supply zones to Glasgow City Region 
currently have a good level of service (either less 
than a 1 in 100 chance or 1 in 40 chance of water 
restrictions in any given year) (Scottish Water, 2015). 
However, when accounting for climate change 
scenarios analysis finds that at a national level, there 
is the risk of less water available and therefore a lower 
level of service for the majority of customers which 
could result in more frequent waters shortage for 
some customers. There are a wide range of possible 
different outcomes from little impact to up to 45% of 
customers being affected to different degrees. The 
report highlights more work needed to understand 
this, and any potential adaptation measures required.

A separate assessment of water availability was 
undertaken for the second UK Climate Change Risk 
Assessment (HR Wallingford, 2015). The assessment 
examined the supply/demand balance for Water 
Resource Zones in the 2050s and 2080s for ‘all 
sectors’ (i.e. public water supplies plus agriculture, 
energy generation, industry and commerce and the 
natural environment). Whilst in lower population 
growth and climate scenarios the risks of water 
shortages were relatively small, when considering 



Glasgow City Region Climate Change Risk and Opportunity Assessment  

92

both high scenarios of climate change and population 
growth, there is a general pattern of a lack of 
available resource across central Scotland by the 
2050s and 2080s. 

In particular, the results show that in 2050s and 
2080s, unrestricted demands in catchments across 
Central Scotland (including Glasgow City Region) at 
low flows is projected to be in excess of total available 
resource. This was using the higher population 
scenarios, assuming no change in absolute flow rate 
compared to the baseline and without adaptation.

HR Wallingford also highlight that population 
and adaptation decisions (including decisions on 
environmental flow calculations) frequently have 
a greater influence than climate on the water 

balance of an area, meaning that adaptation can 
help manage the risk and many businesses are also 
pursuing water efficiency measures as a result of 
sustainability strategies. This means that managing 
the development of the city region more broadly is a 
key factor in ensuring future resilience.

The work also found that adaptation has the 
potential to substantially (but not completely) 
alleviate supply demand deficits, based on a high 
level of adaptation, including a significant reduction 
in leakage and household consumption. However, this 
assumes all supply and demand reduction measures 
outlined as preferred and feasible by Scottish Water 
are successfully implemented and generate savings 
estimated, as well as implementing significant 
leakage and water efficiency household measures. 

Figure 28. Abstraction demand in (a) 2050s and (b) 2080s as a percentage of the available resource under high climate 
and high population growth scenarios, assuming no additional action adaptation and fixed minimum environmental 
flow requirements. (Source: HR Wallingford, 2015)
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BI3: Risks to business from reduced employee 
productivity due to infrastructure disruption and 
higher temperatures in working environments

Current / future 
level of risk

Unknown

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  Build capacity and 
understanding

Risk Description 

Business productivity may be significantly affected 
during extreme weather that disrupts infrastructure, 
as well as higher temperatures in working 
environments. Infrastructure disruption may limit the 
ability of employees to access sites, prevent them 
working remotely if digital infrastructure and network 
access is reduced, or require employees to take 
unplanned leave. Exposure to high temperatures can 
reduce productivity or even stop work completely, and 
impact the safety, health and wellbeing of employees.

Evidence for Glasgow City Region

Extreme Weather
There is limited information on the wider potential 
impact of this disruption both at the UK scale, 
and for Glasgow City Region. However, it is widely 
acknowledged that Scotland already has a 
productivity issue (David Hume Institute, 2018), 
unrelated to climate disruption. Scotland had the 
lowest proportion of homeworkers in the UK (ONS, 
2014), at 10.7%, though the Confederation of British 
Industry have highlighted that teleworking is an 
increasing trend (CBI, 2011). It not clear whether 
a higher or lower proportion of homeworkers 
increases or decreases vulnerability to climate-related 
reductions in productivity. Homeworking may reduce 
the risk transport-related disruption, but work at home 
could be more vulnerable to disruptions to the supply 
of electricity and digital services.

The Chartered Management Institute et al. (2013) 
highlights that staff being unable to come into 
the office either due to travel disruption (63% of 
respondents) or school closures/child care costs 
(46%) were the most common impacts of extreme 
weather on surveyed organisations. They also show 
that the most common measures taken by surveyed 
organisations in response to extreme weather were to 

allow staff to work remotely (53%), to prioritise resources 
on key projects (34%) and to postpone work until the 
weather improved (29%).

Many homeworkers depend on ICT infrastructure to allow 
them to work remotely, and whilst this is an effective 
adaptation option for managing disruption, it highlights 
the importance of resilient digital infrastructure and 
services. Baglee et al. (2012) assessed that major ICT 
disruption due to climate change is considered to be 
relatively low for large businesses. 

Business continuity plans and management (BCM plans) 
are an increasingly common way for businesses to 
help manage this risk, alongside implementing remote 
working solutions, and the proportion of private sector 
organisations saying they have a business continuity plan 
in place increased from 42% to 58% between 2008 and 
2013 (Surminski et al. 2016). Extreme weather was the 
most commonly cited reason for activating a BCM plan, 
cited by 69% of managers surveyed with BCM plans in 
their organisation. However, many businesses do not 
develop business continuity plans until affected by an 
extreme weather event, and SMEs are both less likely to 
have a plan in place, and more vulnerable to the financial 
costs of stopping business. Risks for SMEs could be greater, 
particularly in relatively remote areas where they may be 
dependent on single electricity and telecommunications 
connections. 

High temperatures
The impacts of high temperatures in Glasgow City Region 
are likely to be moderate in the medium term. The UK 
CCRA Summary for Scotland found no evidence relating 
to heat impacts on productivity for Scotland. In Glasgow 
people currently experience thermal comfort between 
9°C and 18°C (Oertel et al., 2015). By the 2080’s, average 
summer temperatures are expected to be significantly 
higher, creating a potential risk to health of employees 
and productivity. Compounding the risk of overheating, 
there are identified areas in the city region which display 
characteristics of an urban heat island (RAMSES, 2017).

There is uncertainty around the amount of productivity 
loss and the annual average impact across the UK, 
but modelling in the first UK CCRA (HR Wallingford, 
2012) suggested that future impacts could be large. 
Upper bound results suggested that the cost of loss in 
productivity due to building temperature could increase 
from a baseline of £770 million in 2010 to 

• between £850 million and £1.6 billion in the 2020s; 
• between £1.1 billion and £5.3 billion in the 2050s; and 
• between £1.2 billion and £15.2 billion in the 2080s. 
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BI4: Risks to business from disruption to supply 
chains and distribution networks

Current / future 
level of risk

High 

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  More action needed

 
Risk Description 

Large amounts of freight are transported around 
the UK every day, and businesses rely on resilient 
transport infrastructure and ports. Adverse weather 
is already one of the reasons most commonly cited 
by business for interruptions of supply chains (ASC, 
2016). Increases in extreme weather events could 
see such disruptions become more frequent without 
further adaptation. Exports from UK businesses 
are already impacted, and expected to be more at 
risk as they may take place in countries deemed 
highly vulnerable to climate change and less able to 
adapt. This risk is also linked to those set out in the 
international chapter, as there is the potential for 
weather related shocks to disrupt international trade.

Evidence for Glasgow City Region

Data is not collected on the size of imports and exports 
for Glasgow City Region, but the UKCCRA Summary 
for Scotland (ASC, 2016) highlights that the value of 
Scotland’s exports increased from £12.6 billion in 2005 
to £17.5 billion by 2015. Over the same period, the value 
of Scotland’s imports increased from £9.8 billion to £13 
billion. These estimates are lower than those produced 
by Scottish Government, which value total exports from 
Scotland at £75.6bn (Scottish Government, 2018c). 
There are no statistics on the total value of imports to 
Scotland on a comparable basis, but imports make up 
an important part of the economy and allow consumers 
to access a wide range of goods.

Glasgow City Region acts as a gateway to move 
freight across Scotland and the wider U.K. Clydeport 
have ports at Glasgow and Greenock, along with sites 
at Ardrossan and Hunterston store. Between them, 

these facilities process 5.4 million tonnes of cargo 
each year, delivering goods as diverse as containers, 
dry and liquid bulks, energy and forest products, 
metals, and project and bulk cargoes. Clydeplan’s 
Strategic Flood Risk Assessment identified that a small 
proportion (0-10%) of Clydeport’s King George V dock 
in Glasgow is at risk coastal flooding1, however, no 
public information is available on climate change risks 
to Clydeport operations or freight hubs.

At this stage, the port authorities do not consider 
climate risk to be substantial in the short or medium 
term (HR Wallingford, 2012). However, as sea level 
rise becomes more severe over next several decades, 
quays with fixed elevation will be at greater risk 
of flooding. Similarly, other waterside equipment, 
particular lifting equipment, may need to be modified 
to cope with flooding and inundation (Marine Climate 
Change Impacts Partnership 2013).

Glasgow Airport also processes a more limited 
amount of cargo. A small amount of cargo also 
passes through Glasgow Airport. In 2010, this figure 
was 2,700 tonnes (Glasgow Airport, 2011). Most 
freight arriving through Glasgow Airport connects 
to different modes of transport, including road, 
rail, sea and air travel. If one mode of transport is 
disrupted by climate related extreme weather or 
challenging conditions, then knock on effects will be 
felt throughout the transport chain. 

The interconnectivity of transport services is 
compounded by risks to sorting and storage facilities. 
Clydeplan’s SFRA identified that the Gartsherrie freight 
hub has a small proportion (0-10%) of the site at risk 
of surface water flooding. Extreme weather and any 
kind of flooding at any point in the transport chain can 
cause major disrupting to the entire network, and result 
in loss of opportunity and reputation for businesses 
that rely on the transport of goods. 

Whilst there is some understanding of the relative 
size of trade and cargo through Glasgow City Region, 
there is no information on the resilience of the supply 
chains to climate hazards, or the extent to which 
actions are in place to aid adaptation. 

1 ‘Flood risk’ uses the same definition in other areas of the 
Clydeplan SFRA (1 in 200 for coastal and river flooding, and 1 in 
200year plus climate change for surface water)
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Opportunities for economy, business 
and industry

BI5: Opportunities for products and services to 
support adaptation to climate change

Current / future 
level of risk

High

Adaptation 
shortfall

Significant

Benefits to  
further action

Yes

Urgency score  More action needed

 
Opportunity description

Adapting to climate change will require the use 
of goods and services to support all sectors of the 
economy, as well as the development of new and 
more effective products. This presents both domestic 
and international opportunities for businesses across 
a range of sectors in the city region. 

Evidence for Glasgow City Region

To measure the sector and the scale of the opportunity 
K-Matrix developed a ‘horizontal’ sector known 
as ‘Adaptation and Resilience to Climate Change’ 
(A&RCC). This is a subsector of their ‘adaptation and 
resilience’ (A&R) classification, which broadly represents 
the market for economic, social and environmental 
development within the city region.

Glasgow City Region makes up about 25% of 
Scotland’s sectors both in terms of A&R and A&RCC 
(k-Matrix, 2018), with data for 2016/17 showing total 
sales for A&RCC in Scotland were £604m in 2016/17, 
with Glasgow City Region contributing £146m. This 
is proportionally lower than Glasgow City Region’s 
overall contribution to Scottish GVA (currently around 
33%), suggesting the sector is underperforming, but 
this is closing marginally, with sector growth rates 
0.3% higher per annum than Scotland overall.

Within this, the largest Local Authorities for both 
markets are North Lanarkshire and Glasgow, which 
combined, account for 50% of both markets.

Estimates suggest that the city region is home to 
around 78 companies, employing roughly 8,390 
people, with the largest number of companies and 
employees in North Lanarkshire and Glasgow. 

The largest numbers of sales by volume for Glasgow 
City Region’s A&RCC sector relate to five key sub-
sectors: Built Environment (£32.9m), Water (£26.9m), 
Transport (£19.4m), Professional Services (£18m) and 
Energy (£14.7m).

The A&R sector in Glasgow City Region is expected 
to grow significantly, reaching 18.9% by 2020/2021. 
This is underpinned with the growth of the available 
market to £98m, and to new products to £46m for 
2020/21. The projected growth in A&R is in line with 
the broader trend for Scotland, though growth rates 
for the city region are projected to be slightly higher 
than the country overall.

Figure 29. 2016/2017 A&R and A&RCC sales for Glasgow City Region by Local Authority. (Source: K-Matrix, 2018)
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Exports present an opportunity for the city region’s 
economy, with available exports across the key sub-
sectors amounting to over £150m a year. Whilst this 
is small in comparison to Scotland’s total exports, 
(£75.6Bn in 2016) it remains a positive opportunity for 
development.

Removing barriers to entering the market is a key 
activity o encourage development of the adaptation 
economy. Some sub-sectors, such as Agriculture & 
Forestry, Health Care, Waste and Built Environment 
have relatively even spread of barriers to market entry, 
others such as Health, Transport, Disaster Preparedness 
and Natural Environment have higher barriers to 
entry in some areas than others. The financial barriers 
to market for smaller companies in the city region 
is relatively high when compared to their larger 
competitors. Market awareness is limited amongst 

smaller companies and this may be a contributor to the 
apparently high financial barriers, with limited sector 
spend on research and development within the city 
region of between 2.4% and 2.7%.

Glasgow City Region has strong foundations to secure 
economic benefits from supporting places to adapt 
to climate change, and is already delivering products 
and services in this space. However, tailored economic 
development policy will be needed if the city region 
is to realise the full potential of the economic 
opportunity afforded by a changing climate (kMatrix, 
2018).

Figure 30. Glasgow City Region 2016/17 A&R and A&RCC subsector sales by volume. (Source: kMatrix, 2018)

Figure 31. Growth forecasts for A&R to 2021 for Glasgow City Region. (Source: kMatrix, 2018)
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BI6: Increased tourism revenue from rising 
temperatures

Current / future 
level of risk

High

Adaptation 
shortfall

Less significant

Benefits to  
further action

Not Scored

Urgency score  Sustain current action

 
Opportunity description

Climate change could enhance a range of tourism-
related opportunities for Glasgow City Region, due 
to warmer temperatures and an increase in the 
number of good weather days for tourism. Forestry 
and woodlands could benefit significantly as activities 
available for tourists such as walking and cycling 
become more appealing as the climate warms.

Evidence for Glasgow City Region

Over 59,000 people work in the tourism sector in 
Glasgow City Region (Scottish Government, 2017e), 
with 51% employed in Glasgow and 13% in South 
Lanarkshire. In 2015, it contributed £881m in GVA, 
23% of Scotland’s total for the sector. 

Table 27. Sustainable Tourism by Local Authority Area for 
2015 (Source: Scottish Government, 2017e)

Local Authority Employees 
(Thousands)

GVA at 
basic prices 
(£m)

East Dunbartonshire 2,000 £31.2

East Renfrewshire 1,600 £22.8

Glasgow City 30,400 £426.2

Inverclyde 2,000 £28.0

North Lanarkshire 6,300 £121.7

Renfrewshire 5,600 £97.9

South Lanarkshire 8,100 £107.0

West Dunbartonshire 3,000 £45.9

Glasgow City Region 59,000 £880.7

In Glasgow, there were 2.2m staying visits in 2011, 
with a further 21m day visits (Scottish Cities Alliance, 
2014). At 78%, most of these visits were from Great 
Britain. Tourist visits to Glasgow do not have a high 
degree of seasonal variation so assuming a direct 
link between a longer summer season and increased 
tourism expenditure is somewhat speculative (Scottish 
Cities Alliance, 2014).

Figure 32. Estimated (a) potential forest production; (b) potential weighted mean stand yield class; (c) potential 
sequestered carbon; and (d) tourism potential for the number of ‘good days’ (tourism climatic index>60), due to drought 
and climate change impacts for the B1, A1B, and A1FI emissions scenarios where ‘none’ represents no climate change; 
and for the baseline (1961–1990) and seven time periods (2020s until 2080s). (Source: Petr et al., 2015)
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There is significant potential for woodland to support 
tourism and recreation. Forests and woodlands 
already provide recreation opportunities ranging from 
the network of mountain biking routes in the Carron 
Valley to rich woodlands around the New Lanark 
World Heritage Site and the Falls of Clyde National 
Nature Reserve, the Kilpatrick Hills and the Clyde 
Muirshiel Regional Park.

Woodlands also contribute to the character of many 
longer distance trails, including the West Highland 
Way, Clyde Walkway and Kelvin Walkway as well 
as creating the setting for attractions such as the 
Frontiers of the Roman Empire (Antonine Wall) World 
Heritage Site, the Burrell Collection and Kelvingrove 
Art Gallery. 

Glasgow City Region contains 56,850 Ha of 
woodland, including 35,000Ha of productive forest, 
predominantly containing Sitka Spruce and other 
introduced species. Under a high emissions scenario, 
the number of ‘good’ tourism days in summer (June, 
July and August) in the lowlands for this type of forest 

is expected to rise from 11 per year between 1961 
and 1990, to over 25 in the 2080s. (Petr et. al., 2015). 
This suggests that climate change could increase the 
economic benefits from tourism in forestry.

Glasgow City Region also acts as a major gateway 
to the West Coast of Scotland, and associated 
wider tourism. Glasgow Airport’s climate adaptation 
reporting power report (Glasgow Airport, 2011) 
acknowledges that changes to destination choice due 
to negative climate change impacts overseas could 
increase the flow of incoming tourists to the UK. 

Whilst there is significant uncertainty around future 
numbers of tourists, ensuring the city region is 
positioned to maximise this opportunity in future 
years will require addressing a range of risks to 
infrastructure which supports the tourism industry. 
These are set out in more detail in the infrastructure 
chapter, but include the rail line to Oban, the A83 at 
Rest and Be Thankful, the Erskine Bridge and M8, and 
Glasgow Airport.

© GLASGOW CITY COUNCIL
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Overview

Whilst the assessment of specific sectors has focused 
on the direct risks from exposure to hazards, there are 
also a range of broader factors which affect the overall 
city region’s exposure and vulnerability to climate 
change, as well as its ability to respond positively to the 
challenge. These relate to three areas: 

• International risks and opportunities – those 
which occur outside the physical boundary of the 
U.K but have impacts and consequences on how it 
functions;

• Cross cutting issues – issues that cut across all 
risks and issues in the assessment; and

• Adaptive capacity – factors which have the 
potential to affect the city region’s overall ability 
to prepare for, respond to, and recover from the 
impacts of climate change. 

Key international risks and 
opportunities and cross cutting and 
adaptive capacity issues 

• Glasgow City Region faces the same set of 
international risks and opportunities as the 
rest of the UK, relating to trade, food, and 
human displacement. As such, the city region 
could experience a range of impacts due to risks 
affecting other parts of Scotland, the UK and 
internationally. Examples include disruption to 
transport, energy or telecommunications, as well 
as biodiversity or pests and diseases. However, 
no evidence has been identified for international 
risks and opportunities that are specific for the city 
region. 

• Many actions to adapt offer the potential for 
addressing wider societal challenges, including 
health and wellbeing, carbon reduction, and air 

quality. This could occur incrementally, by working 
alongside other partners to realise co-benefits, or 
by working to bring around wider transformation. 

• Adapting to a changing climate has 
social justice implications, requiring explicit 
acknowledgement and consideration from ethical, 
legal and practical perspectives.

• Effective adaptation needs continued 
strategic leadership and direction, as well as 
adequate funding for implementation. 

The key international and cross cutting risks and 
opportunities are shown in Box 11.

Next steps to addressing 
international and cross-cutting 
climate related risks and 
opportunities 

This assessment has identified a number of steps 
that will help the city region to become more resilient 
in the short/medium term, addressing international, 
adaptive capacity and cross cutting risks and 
opportunities:

• Build on work to date, to ensure adaptation is 
understood amongst leaders and decision-makers 
as a strategic socio-economic issue. This will 
involve ensuring a strong political dialogue as part 
of developing the city region’s first adaptation 
strategy and action plan.

• Diversify funding sources to offset the impacts of 
leaving the European Union. In particular, building 
capacity for municipal bonds, and working with 
Scottish Government to explore inclusion of 
adaptation in lending criteria for the planned 
National Investment Bank.

THEME 6 – INTERNATIONAL  
RISKS AND OPPORTUNITIES,  
AND CROSS CUTTING AND 
ADAPTIVE CAPACITY ISSUES
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• Continue to identify multiple benefits that ensure 
climate resilience is considered as part of broader 
regional development and identify where more 
transformational approaches are needed, for 
example in relation to sea level rise. 

• Use various levers to minimise international 
impacts such as producing food more locally to 
cushion the impacts of disruption to food systems, 
and using public procurement and supply chain 
management to embed climate resilience clauses 
into contracts. 

• Continue engagement in national, UK and 
international networks to share learning and 
understanding, and build understanding of 
possible impacts the city region may experience.

• Ensure the city region considers the climate 
justice issues in the development, outcomes and 
implementation of the Glasgow City Region 
climate adaptation strategy and action plan.

Box 11: International risks and opportunities, and cross cutting and adaptive capacity issues

Ref Description

International risks

IT1 Risks from weather-related shocks to international food production and trade 

IT2 Imported food safety risks

IT3 Risks and opportunities from long-term, climate-related changes in global food production 

IT4 Risks to the UK from climate-related international human displacements 

IT5 Risks to the UK from international violent conflict

IT6 Risks to international law and governance

IT7 Opportunities from changes in international trade routes

Cross-cutting issues

CC1 Indirect impacts from Scottish, UK and international climate change risks

CC2 Potential for co-benefits and transformation in adaptation responses

CC3 Risks and Opportunities to social justice and inequalities from climate change and adaptation responses

Adaptive Capacity issues

AC1 Failure to position adaptation as a strategic economic and social issue, leading to inadequate 
adaptation responses

AC2 Reduced access to project development and implementation funding from leaving the European Union
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Sector Context

Whilst the other themes of this assessment have 
focused on the direct risks from exposure to hazards, 
there are also a range of broader factors which affect 
the overall city region’s exposure and vulnerability to 
climate change, and its ability to respond positively to 
the challenge. These relate to three areas: 

• International risks and opportunities – those 
which occur outside the physical boundary of the 
city region but have impacts and consequences on 
how it functions;

• Cross cutting issues – issues that cut across all 
risks and issues in the assessment; and

• Adaptive capacity – factors which have the 
potential to affect the city region’s overall ability 
to prepare for, respond to, and recover from the 
impacts of climate change. 

Given that in the majority of cases the ability to effect 
change on these issues are beyond the ability of the 
city region, they have not been scored in a way similar 
to other chapters. Instead, Climate Ready Clyde has 
drawn on its own knowledge and perspectives of 
Scotland’s progress on adaptation, domestic and 
international trends, and challenges, along with the 
issues identified work from the second UK Climate 
Change Risk Assessment, to identify activities that could 
be undertaken as part of the forthcoming Glasgow City 
Region Adaptation Strategy and Action Plan to help the 
city region to respond. The Secretariat has also drawn on 
insights from its advisory group on the global challenges 
associated with delivering adaptation.

International risks and opportunities

Risk description

The UK CCRA identifies seven main ways in which 
international climate risks could affect the UK:

• IT1: Risks from weather-related shocks to 
international food production and trade;

• IT2: Imported food safety risks;
• IT3: Risks and opportunities from long-term, 

climate-related changes in global food production;
• IT4: Risks to the UK from climate-related 

international human displacements;
• IT5: Risks to the UK from international violent conflict;
• IT6: Risks to international law and governance; and
• IT7: Opportunities from changes in international 

trade routes.

Evidence for Glasgow City Region

Very little is known about the impacts of such broad 
international changes in Glasgow City Region. During 
the course of the evidence review, no additional 
evidence was identified. Furthermore, the majority of 
mechanisms to manage these risks will be controlled 
at UK and national level (ASC, 2016).

In a globalised and interconnected world, the Glasgow 
City Region is likely to be impacted global climate 
related challenges that are outside our ability to control 
or influence, particularly in relation to disruptions to 
lengthy global supply chains. International climate 
related impacts will affect wholesale and retail trade, 
business and professional services, and tourism, all 
of which are high employment and growth sectors in 
Glasgow City Region (Watkiss et al., 2018). 

Glasgow City Region is a stakeholder on a European 
Horizon 2020 project, COACCH (CO-Assessment of 
Climate Change Costs, 2018). This project will aim 
to quantify impact chains and tipping points for 
socio-economic systems such as food systems and 
migration, at EU and local levels. Glasgow City Region 
is one of the case studies, with evidence developed 
on potential local impacts relating to some of these 
risks. Other UK and international projects, such as the 
forthcoming UK Food Security Assessment and RUGS 
(Resilience of the UK Food System to Global Shocks) 
will continue to provide new understanding.

Recommendations

Despite not having direct control over these risks 
and opportunities, Glasgow City Region possesses 
a number of levers that it can seek to use locally to 
reduce or realise them. One such example is local 
food production (also identified as an opportunity in 
the Built Environment sector), which may be able to 
cushion the impacts of disruption to food systems. 

Another key element is public procurement and 
supply chain management. The public sector currently 
spends around £11 billion per annum on goods and 
services (Scottish Government, 2018e), representing 
a significant opportunity to embed climate resilience 
clauses into contracts. At the same time, a number of 
tools have been developed to help map supply chain 
risk, which could help prioritise sectors or organisations. 
This represents an opportunity to use the leverage of 
public sector spend, to sending broader signals to the 
market to adapt. As well as improving public sector 
resilience, this would also help manage the risks to 
supply chains identified in the economy theme.
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Cross Cutting Issues

CC1: Indirect impacts from Scottish and UK 
climate change risks

Risk Description

Glasgow City Region could experience a range of 
impacts due to other parts of Scotland or the UK 
being vulnerable to climate change. Examples include 
infrastructure disruption to transport, energy or 
telecommunications, as well as biodiversity threats 
from pests and diseases. This is partially covered in 
other risks throughout the assessment but other also 
merits specific consideration.

Evidence for Glasgow City Region

No evidence was identified as part of this assessment 
which systematically mapped or quantified the 
potential for external disruption to the city region. 
However, anecdotal evidence identified transport links 
as a possible area. For example, landslides and storms 
in 2018 closed the railway line between Edinburgh 
and Glasgow on a number of occasions and caused 
travel delay and disruption, particularly to workers 
commuting between the two cities. Therefore, there 
is significant merit in continuing to engage in national 
networks on adaptation and more locally on specific 
risks, to understand how efforts to manage them 
affect the profile of risks to the city region.

Taken together, the Climate Change (Scotland) Act 
2009 and Adaptation Reporting Power within the 
Climate Change Act 2008, as well as the Flood Risk 
Management (Scotland) Act 2009 and the Civil 
Contingencies Act 2004 provide legal duties and 
drivers for organisations across Scotland to act on 
climate change risks and opportunities.

These frameworks also result in a range of information 
available for the city region to draw on to understand 
possible impacts. The UK Climate Change Risk 
Assessment (CCRA) Summary for Scotland provides the 
most up to date assessment of the range of national 
risks for Scotland (ASC, 2016). Similarly, the Committee 
on Climate Change provides ongoing advice on 
progress at a national level. This is complemented by 
the public bodies reporting process which provides an 
annual update on progress in individual organisations 
and in local areas. Taken together, this framework 
provides a comprehensive understanding of progress 
nationally, and where local risks from other areas may 
also affect Glasgow City Region. 

Recommendations

Given that the risks outlined here are owned by many 
other organisations, Glasgow City Region should 
remain engaged in national, UK and international 
networks to share learning and understanding, and 
build understanding of possible impacts the city 
region may experience.

CC2: Potential for co-benefits and 
transformation in adaptation responses

Opportunity description

Many adaptation options offer the potential for 
addressing wider societal challenges, including health 
and wellbeing, carbon reduction, and air quality. This 
could occur incrementally, by working with key sectors 
on reducing vulnerability, or working to bring around 
wider transformation. 

Evidence for Glasgow City Region

A range of policy goals pursued by cities relating to 
health, mobility, and the built environment can deliver 
a range of co-benefits as part of an incremental 
adaptation approach (Floater et al., 2016). Increasingly, 
tools and processes are being developed which 
support this work, and projects which achieve multiple 
benefits are being brought forward (Power et al., 
2018). Examples in Glasgow City Region include the 
Integrated Storm Water Management system for 
North Glasgow and the Seven Lochs wetland park in 
Glasgow and North Lanarkshire.

The range of tools to support this work continues to 
develop. For example, CIRIA’s Benefits of Sustainable 
Drainage System tool, and iTree assessments, 
quantify the multiple ecosystem services benefits of 
green infrastructure. These assessments have been 
carried out in projects in the city region (Power et al., 
2018). More broadly, Adaptation Scotland worked 
with PAS to mainstream adaptation into the Place 
Standard, and Climate Ready Clyde is currently 
working on a toolkit to mainstream adaptation into 
regeneration. Finally, members of the CRC advisory 
board have noted that the process of adaptation also 
has the potential to deliver wider co-benefits for the 
city region (Dawson, R., 2018).

However, for many, such incremental approaches to 
adaptation do not reach far enough given the scale 
of the emerging threat of climate change, and that 
more fundamental, widespread systemic change is 
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required (Lonsdale et al., 2015). Such approaches 
are often classified as transformative adaptation, 
and can often be thought of as the ‘radical’ end of 
adaptation, where system-wide change results in a 
step-change in adaptation activity and outcomes. 

The key elements of a transformative approach are 
to use systems approaches to collectively explore the 
past and present of why existing systems operate as 
they do, with a view to identifying improvements to 
trial, agree upon or modify. The aim of such processes 
is to overcome the difficult issues that keep the 
system ‘stuck’, using shared learning to generate new 
ways of structuring systems. 

Recommendations

Both incremental and transformational approaches 
will be useful for the city region to advance its work 
on adaptation and should be adopted, with more 
work undertaken to understand where different 
approaches could be most effective. In some sectors 
and for some hazards such as surface water flooding, 
incremental change will allow for adaptation. In such 
areas, the city region should continue to seek out 
multiple benefits, and ensure that climate resilience is 
considered as part of broader regional development. 

In some cases, where future projections of climate 
change indicate that a more systematic change may 
be needed due to the scale of the risk, the city region 
should consider more transformational approaches. 
Climate Ready Clyde have already begun to do 
this in relation to sea level rise, piloting the use of a 
pathways approach in scoping options to adapt to 
rising sea levels in the Firth of Clyde, given the broad 
range of impacts across a range of sectors, across a 
long timescale. 

CC3: Risks and Opportunities to social justice 
and inequalities from climate change and 
adaptation responses

Risk Description

Climate change presents social justice implications 
which need explicit acknowledgement and 
consideration from ethical, legal and pragmatic 
perspectives. How climate risks are experienced 
across society is not just based on exposure, but also 
vulnerability – the sensitivity and adaptive capacity 
of individuals and systems, which are in turn products 

of wider socio-economic factors. In addition, many 
processes for designing policies, plans and actions fail 
to include explicit participation from those who are 
most affected. If not properly designed, adaptation 
strategies could reinforce these inequalities. Wider 
social and economic policy can also play a role in 
hindering or supporting the adaptive capacity of 
communities, but this is not always recognised.

Evidence for Glasgow City Region

Future flooding of domestic and non-domestic 
buildings will have large distributional differences, 
with impacts higher for deprived neighbourhoods and 
those groups which have lower resilience (Watkiss et 
al., 2016). Glasgow and the wider city region have 
some of the highest levels of social vulnerability to 
flooding relative to the rest of the UK (Lindley et 
al, 2011. Sayers et al, 2017), suggesting that if not 
addressed proactively, the city region could be more 
negatively affected than other groups around the UK. 

The city region is already beginning to make 
headway in considering climate justice issues in 
relation to flooding, but more needs to be done to 
identify distributions of vulnerable groups, ensure 
the involvement of communities in developing and 
delivering adaptation responses, and being aware 
of trade-offs that can arise in addressing social 
vulnerability (Cotton, 2018). Some of this will be 
addressed through SEPA’s consultation on Potential 
Vulnerable Areas as part of the National Flood Risk 
Assessment (SEPA, 2018), which sets out how NFRA2 
uses social and economic vulnerability as one of the 
influencing factors in the classification of flood risk.

In addition to future flooding, two additional areas 
where climate change could have both negative and 
positive distributional economic impacts have been 
highlighted (Watkiss et al., 2018):

• The increased costs of mortality and morbidity 
from heat extremes in the longer term are more 
likely to affect vulnerable groups such as the 
elderly, those with existing health conditions, 
and those in socially deprived areas – due to a 
combination of exposure and vulnerability.

• The reduced costs of heating buildings will have 
positive distributional benefits, benefitting those 
on lower incomes the most, also helping to reduce 
fuel poverty. 
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As this Climate Risk and Opportunity Assessment 
has been a rapid evidence assessment, there has not 
been scope to consider the social justice implications 
beyond those already considered by other sources, 
and the key issues highlighted in the economic 
assessment by Watkiss et al. (2018). However, 
throughout the assessment process, there was limited 
evidence of social justice implications of climate 
change being considered in adaptation planning 
within Glasgow City Region beyond the flood risk 
management cycle.

Recommendations

There is significant potential to adopt a more 
holistic consideration of climate justice as part of 
developing and implementing the Glasgow City 
Region adaptation strategy and action plan. This 
could include an explicit focus on involving vulnerable 
groups, developing targeted adaptation actions and 
considering the potential distributional implications, 
as well as developing further evidence on other 
climate hazards.

Adaptive capacity

The ability of systems, institutions, humans and 
other organisms to adjust to potential damage, 
to take advantage of opportunities, or to respond 
to consequences (as per the IPCC 5th Assessment 
report), is a key part of creating broader systemic 
change needed to address all the risks and realise the 
opportunities relating to climate change. 

In Scotland, s.53(2) of the Climate Change (Scotland) 
Act (2009) requires the Scottish Government to set 
out arrangements for involving employers, trade 
unions and other stakeholders and for ensuring 
public engagement in these arrangements. The 
current way in which this is met is through the 
Adaptation Scotland programme, which provides 
advice and support to help organisations, businesses 
and communities prepare for, and build resilience to 
climate impacts (Adaptation Scotland, 2018). Whilst 
the Adaptation Scotland Programme is crucial in 
continuing to build adaptive capacity across the city 
region, this assessment has identified three specific 
areas where actors within the city region could benefit 
from additional targeted work to build adaptive 
capacity. 

AC1: Failure to position adaptation as a 
strategic economic and social issue, leading to 
inadequate adaptation responses 

Risk description

A key measure of whether the city region rises to 
meet the challenge of climate change is its ability of 
its leaders and decision makers to understand and 
address the issue as one of strategic economic, social 
and environmental importance for the people who 
live and work here. Without this, organisations often 
struggle to allocate sufficient time and resources to 
working on this agenda.

Evidence for Glasgow City Region

Following discussion and engagement with decision 
makers across the city region, the Climate Ready 
Clyde prospectus (Climate Ready Clyde, 2017b) set 
out a rationale as to why the city region should be 
considering a strategic approach to climate change. 
This included: 

• Addressing strategic needs of the city region;
• Securing economic competitiveness and new 

inward investment;
• Increasing the attractiveness of the city region as 

a place to live, work and visit; and
• Making the most of collective resources through 

co-ordination.

This approach was endorsed by a number of partners 
who formed the core members of the initiative. 
Since then, the number of organisations involved in 
the collaborative adaptation approach has risen to 
thirteen, suggesting the message and understanding 
is beginning to grow and become more widespread. 
Climate Ready Clyde is now a represented at the 
Glasgow City Region Land Use and Sustainability 
Portfolio, enabling an ongoing dialogue on how 
climate resilience can better support the city region’s 
economic aspirations.

The majority of climate hazards facing Glasgow City 
Region such as sea level or temperature rises cannot 
be addressed or owned by one partner, and instead 
require cross border collaboration across a range of 
sectors. Whilst the Metropolitan Glasgow Strategic 
Drainage partnership exists to manage surface water 
of the Greater Glasgow Catchment, both the National 
Coastal Change Assessment (Hansom et al, 2017) 
and the Clyde Marine Planning Partnership’s report 
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on the impacts of Sea Level Rise in the Firth of Clyde 
(Hansom et al., 2017) have highlighted the need 
for more co-ordination. The widespread disruption 
experienced in 2018 as a result of snow, storms 
also highlighted the myriad of actors involved in 
responding to and managing impacts. 

Whilst a strategic narrative has begun to emerge from 
all this work, more work is needed to evolve this into 
a strong narrative of how addressing challenges and 
opportunities from climate change supports the city 
region to achieve its wider aspirations for prosperity. 
For example, the Climate Ready Clyde prospectus did 
not consider the ongoing unplanned costs to public 
organisations of failing to invest in adaptation, either 
from direct costs or from increased support needed 
to those affected due to consequences of climate 
impacts. 

At the same time, broader trends and initiatives from 
investors are changing financial flows and patterns 
towards low carbon, climate resilient investments 
which may also affect inward investment and 
economic development in the city region. The launch 
of the Task Force on Climate Related Financial 
Disclosures (Task Force on Climate-Related Financial 
Disclosures, 2017) marked a watershed moment for 
private sector assessment of risks, as alongside risks 
to mitigation policy it included a section on physical 
risks. Since the launch, work has expanded rapidly in 
this area, with new guidance developed on reporting 
physical risks (European Bank for Reconstruction and 
Development and Global Centre of Excellence on 
Climate Adaptation, 2018). UNEP has also worked 
with 16 of the world’s banks, including Barclays, 
Santander, Citi and Standard Chartered to pilot 
methods for assessing financial risk from physical 
climate change in agriculture, energy and real estate 
sectors (UNEP, 2018). Similar approaches are now 
in place in some development banks, such as the 
European Investment Bank (2015) and the European 
Bank for Reconstruction and Development, which 
screen for climate risk, marking a significant shift 
towards action on climate risk in the finance sector.

Such approaches are increasingly being used to 
guide future investment policies. Most recently, 
392 investors controls £23tn of assets launched an 
Investors Agenda campaign to demonstrate and 
accelerate investor-led action critical to achieving the 
low carbon and climate resilience goals of the Paris 
Agreement (The Investor Agenda, 2018).

Whilst business’ own practices and locations are the 
key aspects of managing physical risk, the presence of 
hazards and the potential exposure is also influenced by 
geographic location and the surrounding environment. 
Therefore, the ability of the city region to articulate and 
disclose the extent of these risks and plans in place to 
adapt in turn will support investor confidence.

Continuing to develop a strategic narrative which 
acknowledges such factors is an important, 
underpinning activity, as adaptation is a socio-
political process, requiring high level political 
support as a necessary prerequisite for successful 
implementation of adaptation actions (Climate-
ADAPT, 2018a). This engagement is similar to many 
other significant change processes, but Climate-
ADAPT also recognises that maintaining consistent 
political commitment is additionally challenging 
in the face of short-term budgetary and political 
cycles and legislative periods, with other pressures 
being perceived as more urgent, a lack of awareness 
about adaptation and its’ implications, and negative 
connotations linked to terms ‘climate change’ or ‘risks.

Climate Ready Clyde’s vision piloted a move away 
from risk-based approaches towards a focus on 
outcomes. This approach is increasingly being 
adopted by countries and cities with a focus on 
telling stories, or establishing strategic narratives to 
encourage buy in and support (Coninx et al., 2018). 
Whilst Climate Ready Clyde has begun this process, 
there has been a significant amount of change taking 
place since the vision was developed and the initiative 
was started. This includes Glasgow City Region City 
Deal (HM Government, 2014), and the Glasgow City 
Region Economic Strategy (Glasgow City Region, 
2017), as well as new Councillors, and ongoing turn 
over in senior management structures.

Recommendations

There is a good opportunity to consolidate progress and 
develop a refreshed, outcomes-focused approach as 
part of the forthcoming Adaptation Strategy and Action 
plan. The approach should engage with politicians and 
decision makers to gain buy in and evolve the narrative, 
and work to mainstream consideration of climate 
change within other key documents. The Secretariat 
should consider refreshing the vision for Climate Ready 
Clyde alongside the development of the strategy 
and action plan, with the potential use of high-level 
dialogues with politicians and senior decision makers 
forming a key part of the process.. 
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AC2: Reduced access to project development 
and implementation funding from leaving the 
European Union

Risk Description

Early progress on adaptation can usually be made within 
existing resources, but more substantial adaptation 
activity is often contingent on suitable finance being 
accessible. In local authorities, spending reductions 
and rising cost pressures (such as from social care) are 
making it more challenging to deliver existing services, 
making considering broader change a challenge. At 
present, dedicated funds are available via the European 
Union to develop implement adaptation options, which 
may be lost following the UK’s departure in March 2019. 

Evidence for Glasgow City Region

At present, the majority of funds to deliver 
adaptation at scale stem from the European Union, 
either through dedicated funds, or through being 
mainstreamed into other policy areas such as regional 
development. Leaving the European Union may 
remove opportunities and access to funds, as many 
adaptation requirements were funded as a result of 
the EU Strategy on Adaptation to Climate Change 
(European Commission, 2013). A summary of those 
funds where adaptation is either directly funded or 
mainstreamed is outlined in Table 30: 

 
Table 28: EU funding streams that currently require or 
fund adaptation to climate change

Funding Stream Functions

European Regional 
Development Fund

Infrastructure, 
Green Infrastructure, 
Adaptation, Innovation

European Social Fund Cohesion

Interreg Territorial Cooperation

LIFE+ Environmental 
Protection, Adaptation

Horizon 2020 Research and 
Innovation

European Investment 
Bank

Loans for infrastructure 
and development

The sizes of these funds are significant to the overall 
development in Glasgow City Region and wider 
Scotland. The 2014-2020 ERDF and ESF programmes 
are estimated to deliver approximately £800 million 

over the next seven years alone (Scottish Government, 
2015). Going forward, the 2021-2027 EU budget will 
apportion €0.95Bn to mitigation and adaptation within 
the LIFE programme, and contains a commitment 
to mainstream climate action across 25% of all EU 
Programmes (European Commission, 2018).

Recent work by Sniffer and AECOM for the Adaptation 
Sub-Committee (Power et al. 2018) has shown 
that 9 of 25 successful large-scale projects which 
are helping cities (including Glasgow City Region) 
across the UK adapt are EU-funded. In addition, 
there is a continuing push and emphasis to fund and 
mainstream adaptation, with recent commitments in 
the Multi-annual financial framework, and in the EU 
Climate Action Partnership draft action plan (Climate 
Adaptation Partnership, 2018).

Whilst funds for ERDF and LIFE have been 
underwritten by the UK Government until the end 
of the programming period (GOV.UK, 2016), there is 
little clarity about whether any National or UK funds 
will be provided to offset this going forward into the 
new programming period. The recent UK Government 
White Paper on the relationship with the European 
Union (HM Government, 2018) sets out that the UK 
would like to remain a participant in the Horizon 2020 
programme, but the UK’s future participation is not 
yet assured. The Conservative Manifesto committed 
the UK Government to the establishment of a Shared 
Prosperity Fund comprised of funds returned from EU 
membership (Conservative and Unionist Party, 2017) 
however there are no further details yet published 
on this. Anecdotal conversations with NHS Facilities 
Scotland and local NHS health boards have indicated 
that such challenges of access to finance already exist 
for the health sector, with the NHS more limited in its 
financing options (e.g. the NHS is not currently eligible 
for SALIX financing).

While the UK’s departure will have impact of 
adaptation funding, the EU is not the only source of 
funding available. This Assessment has identified two 
key areas for the city region to focus on diversifying 
into: the forthcoming National Investment Bank, and 
municipal green bonds.

In the 2017-18 Programme for Government (Scottish 
Government, 2017j) the Scottish Government 
committed to the formation of a National Investment 
Bank to support infrastructure investment, help 
companies grow and support it’s economic vision. 
Mission-led, patient long-term investment is one of 
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three areas of opportunity identified for the bank 
(Scottish Government, 2018). The aim is for the 
bank to use strategic, patient capital to assume an 
enabling leadership role transforming the Scottish 
Economy, in line with the remit set in the Programme 
for Government. 

Examples given of mission-led investment include 
decarbonisation, and artificial intelligence, and 
whilst adaptation is not currently cited in the 
implementation plan, its inclusion would align well 
with existing programmes being undertaken with 
other development banks such as the EBRD and the 
European Investment Bank. 

In addition to public funds, there has been a global 
trend towards increasing the role of private finance as 
a way of funding regional development and climate 
proofing. The most notable way that this has been 
happening is through the use of Climate Bonds, with 
cities selling Bonds into the debt market to finance 
significant capital investment. The overall market in 
2017 grew by 78%, with a total green bond issuance 
of USD155.5bn (Climate Bonds Initiative, 2018). This 
has been dominated by the US, France and China 
with 56% of all issuance coming from one of these 
three countries.

To date, the proceeds of Green Bonds have mainly 
focused on renewables, low carbon buildings and 
energy efficiency projects, with a small percentage on 
adaptation. This small amount has been attributed 
to a range of issues, including the need to package 
finance with larger low carbon projects to offset the 
risk/low return, as well as the lack of clear project 
definitions that would qualify.

At the UK Level, the Government’s Green Finance 
Taskforce (Green Finance Taskforce, 2018) has 
recommended a number of steps to accelerate the 
UK’s transition to a more climate-resilient economy, 
including:

• Improve climate risk management with advanced 
data and analytics;

• Implement the recommendations of the Task 
Force on Climate-related Financial Disclosures;

• Issue a sovereign green bond;
• Build a green and resilient infrastructure pipeline;
• Foster inclusive prosperity by supporting local 

activity; and
• Integrate resilience into the green finance agenda.

The overall aim of these recommendations seeks to 
use the UK’s world-leading reputation as a financial 
services centre to scale up and support the delivery 
of both international and domestic low carbon and 
adaptation agendas, linking it more directly to local 
plans and priorities and developing the local skills and 
capacities needed to increase the use of municipal 
finance.

Cities around the world are increasingly using climate 
bonds as part of a package of measures to fund 
action. The Climate Bonds Initiative found that 
issuance from local government and government-
backed entities is on the rise and accounted for 21% 
of 2017 volume. As a notable example, in 2016 Paris 
issued a €300m green bond, with 20% of funds 
(~€60m) earmarked for adaptation projects of 
planting 20,000 trees and creating 30 hectares of 
new parks (Climate-ADAPT, 2018b).

Scotland already has some expertise in undertaking 
such processes at the local level. During 2016-17, 
Aberdeen City Council became the first Llocal 
Authority in Scotland to be awarded a credit rating. 
This allowed the Council to secure funding towards 
its capital investment programme by issuing bonds 
of £370 million on the London Stock Exchange as 
part of its capital investment strategy (Aberdeen City 
Council, 2018). More broadly, the Local Government 
Association in England has established a Municipal 
Bonds Agency with over 50 local authorities. Scotland 
is also home to the Green Investment Group, the 
privatised former Green Investment Bank. In addition, 
Glasgow is also home to the International Financial 
Services District (IFSD), which comprises some of the 
world’s leading financial institutions. 

Recommendations

Whilst the departure of the UK from the European 
Union will reduce access to a range of funds for 
adaptation, Glasgow City Region could be well 
positioned to use emerging alternatives, but capacity 
building activity will be needed to successfully 
realise this. Alongside developing its own activities, 
the city region needs to work with Scottish and 
UK administrations to make the case for including 
adaptation in emerging green finance options.
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Recommendations for consideration in Glasgow City Region adaptation 
strategy and action plan

Risks Recommendations

IT1: Risks from weather-related shocks to 
international food production and trade 

• Work with organisations to embed climate resilience clauses 
into supplier contracts.

• Map supply chain vulnerability for key sectors in Glasgow 
City Region.

• Continue to engage with and support the UK and Scottish 
Government on developing understanding and adaptation 
actions to ensure they manage the international risks.

• Continue to participate in COACCH as a case study to 
improve evidence and understanding of the possible 
impacts from international risks and opportunities within 
Glasgow City Region.

IT2: Imported food safety risks

IT3: Risks and opportunities from long-term, 
climate-related changes in global food 
production 

IT4: Risks to the UK from climate-related 
international human displacements 

IT5: Risks to the UK from international 
violent conflict

IT6: Risks to international law and governance

IT7: Opportunities from changes in 
international trade routes

Cross cutting issues

CC1: Indirect impacts from Scottish, UK and 
international climate change risks

• Engage with Scottish Government and DEFRA to further 
understand local implications of how national and 
international risks are being addressed, and whether there 
are actions the city region needs to take in response.

• Continue to engage with other local areas to build 
understanding of how their vulnerabilities and risks may 
impact upon Glasgow City Region.

CC2: Potential for co-benefits and 
transformation in adaptation responses

• Continue to seek co-benefits from adaptation options and 
synergies with other agendas.

• Mainstream adaptation considerations into sectoral plans 
and strategies for Glasgow City Region.

• Consider piloting use of transformational work for more 
challenging climate hazards, such as the use of pathways to 
develop some responses to Sea Level Rise.

• Include use of scenarios which consider other societal 
challenges in research and policy design.

CC3: Risks and Opportunities to social 
justice and inequalities from climate 
change and adaptation responses

• Adopt socially just adaptation principles to guide the 
development of the Glasgow City Region strategy and 
action plan and influence other plans and strategies.

• Prioritise development of adaptation actions for those areas 
where there are clearly understood climate injustices to minimise 
potential distributional inequality or to maximise opportunities.

• Develop vulnerability indices for other climate hazards (e.g. 
Heat or Storms)

• Engage with wider social and economic policy-makers to 
strengthen frameworks which support adaptation.

• Undertake an equalities impact assessment as part of 
development of the adaptation strategy and action plan to 
assess procedural and distributional implications.
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Risks relating to adaptive capacity

AC1: Failure to position adaptation as a 
strategic economic and social issue, leading 
to inadequate adaptation responses

• Include a high-level political dialogue as part of the process 
for the development and implementation of the adaptation 
strategy.

• Refresh the Climate Ready Clyde vision to align with a 
changing city region context.

• Work with other actors in the city region to set out the 
relationship between climate change and key activity as part 
of other plans and strategies.

AC2: Reduced access to project 
development and implementation funding 
from leaving the European Union

• Map financing sources and their suitability to help 
organisations better navigate the funding landscape for 
adaptation.

• Engage with Scottish/UK government on the plans to 
integrate adaptation requirements into new / replacement 
funding following the UKs departure from the European 
Union.

• Engage with the Scottish Government Economic 
Development Directorate to discuss the potential to include 
adaptation within the remit of the National Investment 
Bank’s 

• Build capacity and networks for use of alternative financing 
to fund adaptation, including municipal / climate bonds. 
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Theme: Infrastructure  
Ref Risk / Opportunity Description Urgency Score

Risks

IN1 Risks of cascading failures from interdependent infrastructure 
networks

 Build capacity and 
understanding

IN2 Risks to infrastructure services from river and surface water flooding  Sustain current action

IN3 Risks to infrastructure services from coastal flooding and erosion  More action needed

IN4 Risks of sewer flooding due to heavy rainfall  Sustain current action

IN5 Risks to bridges and pipelines from high river flows and bank erosion  Sustain current action

IN6 Risks to transport networks from slope and embankment failure  Watching brief

IN7 Risks to energy, transport and ICT infrastructure from storms and high 
waves

 More action needed

IN8 Risks to energy, transport and ICT infrastructure from extreme heat  More action needed

IN9 Risks to infrastructure from increase in vegetation growth rates  Sustain current action

IN10 Risks to infrastructure from wildfires  Watching brief

IN11 Risks to water-based transport and trade infrastructure (ports, canals, 
harbours, etc.) from sea level rise, floods and storms

 Build capacity and 
understanding

Opportunities

IN12 Potential benefits to water, transport, digital and energy infrastructure 
from reduced extreme cold events

 Watching brief

APPENDIX 1 – CLIMATE RISK  
AND OPPORTUNITY REGISTER  
FOR GLASGOW CITY REGION
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Theme: Built Environment  
Ref Risk / Opportunity Description Urgency Score

Risks

BE1 Risks to homes from flooding and sea level rise  Sustain current action

BE2 Risks to building fabric from moisture, wind, storms and driving rain  Build capacity and 
understanding

BE3 Risks to cultural heritage from landslides, flooding or coastal erosion  Sustain current action

BE4 Risks to traditional and historic buildings from moisture, wind and 
driving rain

 Build capacity and 
understanding

BE5 Increased maintenance of green space due to rising temperatures 
and extreme weather

 Build capacity and 
understanding

BE6 Increased cooling demand in buildings as a result of rising 
temperatures

 Build capacity and 
understanding

BE7 Risk of overheating of buildings from higher temperatures and 
heatwaves 

 Build capacity and 
understanding

Opportunities

BE8 Opportunities for local food growing from warmer temperatures and 
increased growing season

 Watching brief

BE9 Reduced heating demand to buildings from rising temperatures  Watching brief

BE10 Increased viability of renewable electricity and heat from changing 
weather conditions

 Build capacity and 
understanding

Theme: Society and Human Health

Ref Risk / Opportunity Description Urgency Score

Risks

SH1 Risks to people and communities from flooding and flood 
disadvantage

 Build capacity and 
understanding

SH2 Increase in summer temperatures and heatwaves leading to 
increased morbidity and mortality

 Build capacity and 
understanding

SH3 Risks to health from changes in air quality  Sustain current action

SH4 Risks to health from vector-borne pathogens  Watching brief

SH5 Risks to NHS estates due to flooding and overheating  More action needed

SH6 Risks to business continuity of health and social care from extreme 
weather

 Sustain current action

SH7 Increased patient demand on NHS services from extreme weather  Sustain current action

Opportunities

SH8 Potential benefits to health and wellbeing from reduced cold  Watching brief

SH9 Improved physical and mental health from increased use of parks and 
green space due to warmer weather

 Watching brief
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Theme: Natural Environment and Natural Assets

Ref Risk / Opportunity Description Urgency Score

Soils

NE1 Risks to soil stock from changes in temperature and water regime  More action needed

NE2 Risks to soil carbon storage from temperature rises and changes in precipitation  Sustain current action

NE3 Risks to soils from pests, pathogens and invasive species  Build capacity and 
understanding

Agriculture

NE4 Risks and opportunities for agriculture from changes in land suitability  Build capacity and 
understanding

NE5 Risk to crops and livestock from extremes in temperature and water regime  More action needed

NE6 Risks to agriculture from pests and disease  Build capacity and 
understanding

Forestry and Woodlands

NE7 Risks and opportunities to forestry and woodlands from changes in 
land suitability and productivity

 Sustain current action

NE8 Risks to forestry and woodlands from extreme weather events  Build capacity and 
understanding

NE9 Risks to forestry and woodlands from pests, invasive species, and 
diseases

 Build capacity and 
understanding

Wildlife

NE10 Risk and opportunities for biodiversity from changes in habitat 
suitability

 More action needed

Coastal and Marine

NE11 Risks to coastal habitats and industries from sea level rise  Build capacity and 
understanding

NE12 Risks to marine biodiversity from increases in sea temperature  Build capacity and 
understanding

NE13 Risks to marine biodiversity from ocean acidification  Build capacity and 
understanding

NE14 Risks to marine biodiversity from pests and invasive species  Sustain current action

Freshwater ecosystems

NE15 Risks to freshwater biodiversity from changes in water regimes  Build capacity and 
understanding

NE16 Risks to changes in freshwater biodiversity from changes in temperature  Build capacity and 
understanding

NE17 Risks to freshwater biodiversity from pests, invasive species and disease  More action needed

Geoheritage

NE18 Risks to nationally and internationally significant geoheritage sites  
from flooding and erosion, and coastal, vegetation, freeze-thaw and 
rainfall change

 Sustain current action
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Theme: Economy, Business and Industry

Ref Risk / Opportunity Description Urgency Score

Risks

BI1 Risk to new and existing business sites from river, surface water and 
coastal flooding.

 More action needed

BI2 Risks to business operations from water scarcity  Sustain current action

BI3 Risks to business from reduced employee productivity due to 
infrastructure disruption and higher temperatures in working 
environments

 Build capacity and 
understanding

BI4 Risks to business from disruption to supply chains and distribution 
networks

 More action needed

Opportunities

BI5 Opportunities for products and services to support adaptation to 
climate change

 More action needed

BI6 Increased tourism revenue from increased temperatures  Sustain current action

Theme: International risks and opportunities, and cross cutting and adaptive 
capacity issues

Ref Description Urgency Score

International risks

IT1  Risks from weather-related shocks to international food production 
and trade 

Not scored

IT2  Imported food safety risks Not scored

IT3  Risks and opportunities from long-term, climate-related changes in 
global food production 

Not scored

IT4 Risks to the UK from climate-related international human displacements Not scored

IT5  Risks to the UK from international violent conflict Not scored

IT6  Risks to international law and governance Not scored

IT7 Opportunities from changes in international trade routes Not scored

Cross-cutting issues

CC1 Indirect impacts from Scottish, UK and international climate change 
risks

Not scored

CC2  Potential for co-benefits and transformation in adaptation responses Not scored

CC3 Risks and Opportunities to social justice and inequalities from climate 
change and adaptation responses

Not scored

Adaptive Capacity issues

AC1 Failure to position adaptation as a strategic economic and social 
issue, leading to inadequate adaptation responses

Not scored

AC2 Reduced access to project development and implementation funding 
from leaving the European Union

Not scored
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ABOUT CLIMATE READY CLYDE
Climate Ready Clyde is a cross-sector initiative funded by the Scottish Government and 13 member organisations 
to create a shared vision, strategy and action plan for an adapting Glasgow City Region.

1.8 million people live, work and play in the Glasgow City Region and a large number of businesses and 
organisations are based here, with £40bn of GVA – a third of Scotland’s population and wealth. Increasingly they 
are impacted by the effects of climate change, both directly in the city region, and from changes happening 
around the world.

Adaptation is a strategic issue for the city region in terms of securing inward investment and protecting the 
economy, as well as contributing to good place making, addressing inequality and minimising and avoiding costs 
arising from unplanned impacts. Climate Ready Clyde was established on the basis that adapting is cheaper, 
easier and more effective when done together.
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The Climate Ready Clyde programme is managed and 
delivered by Scottish sustainability charity Sniffer

Climate Ready Clyde 
c/o GCV Green Network Partnership 
125 West Regent Street 
Glasgow G2 2SD

  climatereadyclyde@sniffer.org.uk 

  www.climatereadyclyde.org.uk 

  @climareadyclyde

Disclaimer:

This report summarises the work undertaken by Sniffer in their role as Secretariat to Climate Ready Clyde, 
based on desk review of available information and broad consultation with stakeholders across Glasgow City 
Region and beyond. The views contained in this assessment are the collective view of Climate Ready Clyde 
partners. They do not necessarily represent the views of individual agencies, Glasgow City Region or Scottish 
Government. Sniffer take no responsibility for losses incurred as a result of information used in this report.

Crown Copyright 2018.

mailto:climatereadyclyde%40sniffer.org.uk?subject=
http://www.climatereadyclyde.org.uk

