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THEME 2 – BUILT ENVIRONMENT

The second theme relates to the built environment. 

Flooding and other risks to property

BE1: Risks to homes from flooding
BE7: Risks to homes from sea level rise

Flooding is currently a major risk for the Glasgow City 
Region, and the evidence on current risks are well 
developed. The SEPA (2015) Flood Risk Management 
Strategy set out the current risks, including the 
potential economic costs of flooding. These estimates 
are presented below, though it is highlighted that 
SEPA is currently undertaken a new National Flood 
Risk Assessment (NFRA) that will be published in the 
near future and will update these figures. The 2015 
FRM reports the properties at risk and the associated 
annual average damages14 as shown in the Table. 

14 Annual Average Damages are the theoretical average economic 
damages caused by flooding when considered over a very long 
period of time. It does not mean that damage will occur every year: in 
many years there will be no damages, in some years minor damages 
and in a few years major damages may occur. High likelihood 
events, which occur more regularly, contribute proportionally more 
to Annual Average Damages than rarer events. Within the Flood 
Risk Management Strategies Annual Average Damages incorporate 
economic damages to the following receptors: residential properties, 
non-residential properties, vehicles, emergency services, agriculture 
and roads. They have been calculated based on the principles set 
out in the Flood Hazard Research Centre Multi-Coloured Handbook 
(2010). Source SEPA (2015)

Note that this includes some areas that are outside 
the GCR, but the majority of AAD are within the 
Glasgow region. 

For river flooding, the report identifies that within 
the Clyde catchment, approximately 7,800 residential 
properties and 1800 non-residential properties are at 
risk of river flooding. The equivalent annual average 
damages are £22 million/year. The breakdown of 
AAD is as follows: 

• 60% residential properties (£13 million);
• 29% non-residential properties (£6.4 million);
• 5% emergency services (£1.1 million);

The breakdown of property risk and annual average 
damage by area is shown below. 

Reporting on the UKCP09 high emissions scenario 
for 2080s, the FRM Strategy identifies that average 
peak river flows for the Clyde basin are projected 
to increase by 44%. This would potentially increase 
the number of residential properties at risk of river 
flooding from approximately 7,800 to 12,000 and 
the number of non-residential properties from 
approximately 1,800 to 2,900. 

The River Leven (Dunbartonshire) catchment includes 
West Dunbartonshire. The 2015 FRM reports that 
there are approximately 990 residential properties 

Table 18. Summary of flood risk from various sources within the Flood Risk Management Clyde and Loch Lomond Local 
Plan District (Source: SEPA, 2015).

Total number of properties at risk 
(residential and non-red)

Annual Average Damage 

River flooding

River Clyde catchment group* 9600 £22 million

River Leven catchment** 1100 £4.2 million

Coastal flooding

Clyde and Loch Lomond coastal area*** 4,900 £19 million

Surface water flooding

Clyde and Loch Lomond Local Plan District**** 19,000 £20 million

*Includes some councils outside of the region, i.e. full list is Dumfries and Galloway Council, East Ayrshire Council, East Dunbartonshire Council, 
East Renfrewshire Council, Falkirk Council, Glasgow City Council, Inverclyde Council, North Ayrshire Council, North Lanarkshire Council, 
Renfrewshire Council, Scottish Borders Council, South Lanarkshire Council, Stirling Council, West Dunbartonshire Council, West Lothian Council.

** Includes Argyll and Bute Council, Stirling Council, West Dunbartonshire Council

*** Includes Argyll and Bute Council, Glasgow City Council, Inverclyde, Council, Renfrewshire Council, North Ayrshire Council, South 
Lanarkshire Council, West Dunbartonshire Council

**** includes Argyll and Bute Council, Dumfries and Galloway Council, East Ayrshire Council, East Dunbartonshire Council, East Renfrewshire 
Council, Falkirk Council, Glasgow City Council, Inverclyde Council, North Ayrshire Council, North Lanarkshire Council, Renfrewshire Council, 
Scottish Borders Council, South Lanarkshire Council, Stirling Council, West Dunbartonshire Council, West Lothian Council.
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Table 19. Flood Risk Management Clyde and Loch Lomond Local Plan District (Source: SEPA, 2015).

Residential and non-residential 
properties at risk of river flooding

Annual Average Damages

Glasgow City 3,500 £9.8 million

Paisley and Johnstone 1,600 £2.7million

Rutherglen 650 £2.5 million

Kirkintilloch 570 £740,000

Clydebank 290 £720,000

Giffnock and Thornliebank 270 £1.6 million

Coatbridge and Airdrie 210 £440,000

Cambuslang 190 £600,000

Hamilton 180 £980,000

Barrhead 150 £340,000

Table 20. Flood Risk Management Clyde and Loch Lomond Local Plan District (Source: SEPA, 2015).

Residential and non-residential 
properties at risk of river flooding

Annual Average Damages

Alexandria and Balloch 610 £2.4 million

Dumbarton 360 £1.3 million

Strathblane 30 £90,000

Geilston 10 £23,000

Table 21. Flood Risk Management Clyde and Loch Lomond Local Plan District Coastal flooding (Source: SEPA, 2015).

Residential and non-residential 
properties at risk of coastal flooding

Annual Average Damages

Dumbarton 1,700 £11 million

Glasgow City 1,000 £2.4 million

Renfrew 660 £1.2 million

Rothesay 490 £870,000

Gourock/Greenock/Port Glasgow 400 £360,000

Renton 110 £410,000

Clydebank 70 £1.8 million

Port Bannatyne 70 £150,000

Kilchattan Bay 20 £90,000

Ardnadam 10 £60,000

Geilston 10 £50,000

Helensburgh 10 £40,000
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predicted to be at risk of river flooding in this area, 
of which 360 are in Dumbarton. Approximately 160 
non-residential properties are predicted to be at risk 
of river flooding in this area. 

Reporting on the UKCP09 high emissions scenario for 
2080s, the FRM Strategy identifies that average peak 
river flows for the Leven catchment may increase by 
44%. This would potentially increase the number of 
residential properties at risk of river flooding from 
approximately 990 to 1,230 and the number of non-
residential properties from approximately 160 to 230.

For coastal flooding, the 2015 FRM reports there 
are approximately 3,600 residential properties and 
approximately 1,300 non-residential at risk of coastal 
flooding in the Clyde region. The equivalent annual 
average damages are £19 million. The damages are 
distributed as follows: 

• 59% non-residential properties (£11 million);
• 27% residential properties (£5.2 million);
• 5% emergency services (£1.0 million).

Reporting on the UKCP09 high emissions scenario 
for 2080, the FRM Strategy identifies the projected 
average sea level increase for the Clyde and 
Loch Lomond Local Plan District is approximately 
0.47m by 2080. This may increase the number of 
residential properties at risk of coastal flooding from 
approximately 3,700 to 7,500 and the number of non-
residential properties from approximately 1,300 to 
2,400. Coastal flood modelling by SEPA has not taken 

into account the impacts of climate change on wave 
overtopping or storminess, which could increase the 
number of people affected by coastal flooding. 

For surface water flooding, within Clyde & Loch 
Lomond District, the 2015 FRM reports there 
are approximately 13,000 residential and 6,300 
non-residential properties at risk of surface water 
flooding, predominately in the area of Glasgow and 
surrounding urban areas. Surface water flooding 
within these heavily urbanised areas is often 
associated to flooding from urban watercourses. 
In many areas, flooding of this type presents the 
greatest flood risk. The Annual Average Damages 
caused by surface water flooding are approximately 
£20 million. The damages are distributed as follows: 

• 47% residential properties (£9.4 million);
• 44% non-residential properties (£8.8 million).

Reporting on the UKCP09 high emissions scenario 
for 2080, the FRM identifies that climate change 
may lead to 20% increase in rainfall intensity. Under 
these conditions it is estimated that the number of 
residential properties at risk of surface water flooding 
may increase from approximately 13,000 to 18,000 
and the number of non-residential properties from 
approximately 6,300 to 8,500. 

The geographical patterns of the three flood related 
risks (river, surface and coastal) from the FRM are shown 
below, showing the different distribution by area. 
The FRM estimates have been used as a basis on which 

Table 22. Flood Risk Management Clyde and Loch Lomond Local Plan District Surface flooding (Source: SEPA, 2015).

Residential and non-residential properties 
at risk of surface water flooding

Annual Average Damages

Glasgow City 8,400 £4.4 million

Paisley and Johnstone 1,700 £1.1 million

Gourock / Greenock / Port Glasgow 890 £1.5 million

Clydebank 540 £440,000

Dumbarton 480 £410,000

Coatbridge / Airdrie 390 £330,000

Rutherglen 380 £260,000

East Kilbride 340 £560,000

Alexandria and Balloch 320 £900,000

Giffnock and Thornliebank 250 £110,000



Economic Implications of Climate Change for Glasgow City Region

41

River (Clyde)

Surface

River (Leven)

Figure 5 Annual Average Damages from Flooding. Source Flood Risk Management Plan Strategy (SEPA, 2015).

Coastal
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Table 23. Estimated current and indicative future AAD under climate change (2080s). Source current damage from FRM 
Strategy (Source: SEPA, 2015) plus future climate increase (estimates this study).

Category River Flooding
£Million/yr

Coastal Flooding
£Million/yr

Surface Flooding
£Million/yr

Current AAD 2080s AAD 
(increase)

Current AAD 2080s AAD 
(increase)

Current AAD 2080s AAD 
(increase)

Residential prop. 13 20.0 (7.0) 5.2 10.8 (5.6) 9.4 13.0 (3.6)

Non-residential 6.4 10.3 (3.9) 11 20.3 (9.3) 8.8 11.9 (3.1)

Emergency services 1.1 1.7 (0.6) 1 2.0 (1.0)

Vehicles 0.65 1.0 (0.4) 0.54 1.1 (0.5) 0.4 0.5 (0.1)

Roads 0.35 0.4 (0.1) 0.94 1.8 (0.9) 1.4 1.9 (0.5)

Agriculture 0.18 0.3 (0.1) 0.016 0.0 (0.0)

Total 22 33.7 (12.2) 18.7 36.0 (17.3) 20 27.3 (7.3)

Table 24. Current Flood Damages from CCRA2 for Scotland (Source: Sayers et al. 2015).

National (Scotland) Current

Residential properties at risk of flooding 180,000

At risk > 1 in 75 97,000

non-residential properties at risk of flooding 42,000

At risk > 1 in 75 25,000

EAD residential (direct) £42 million

EAD non-residential (direct) £120 million

Total (direct and in-direct) £280 million

Table 25. Estimated EAD (£) from flooding (all cause) for Scotland (Source: Sayers et al. 2015). 

Current EAD (£) Future period 2°C 4°C High ++

Residential

42,000,000

2020s 46,000,000 61,000,000 83,000,000

2050s 60,000,000 84,000,000 180,000,000

2080s 73,000,000 120,000,000 310,000,000

Non-residential

120,000,000

2020s 130,000,000 150,000,000 180,000,000

2050s 150,000,000 200,000,000 370,000,000

2080s 170,000,000 270,000,000 600,000,000

TOTAL

280,000,000

2020s 300,000,000 360,000,000 450,000,000

2050s 350,000,000 480,000,000 930,000,000

2080s 420,000,000 670,000,000 1,500,000,000
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to estimate the potential increase in AAD from climate 
change. The resulting impacts are shown below. These 
results should be considered indicative, as they are not 
based on detailed modelling. They also do not include 
socio-economic change (population, housing). Note 
that a more detailed analysis of climate risks will be 
undertaken in the new FRM. 

The results show that the estimated AAD increases 
from £60 million currently to £97 million by 2080s, 
an increase of £37 million. The values for residential 
flooding damage increase from £28 million to £ 44 
million (an increase of £16 million) and the values 
for non-residential increase from £26 million to £ 42 
million (an increase also of £16 million). 

A further set of flood risk costs for Scotland are available 
from UK CCRA2, from the Projections of future flood 
risk in the UK (Sayers et al, 2015). This has a similar set 
of flood risk data to the SEPA FRM data, although there 
are differences in the data used, the geographic area 
and the assumed flood risk return periods. The main 
advantage of the CCRA2 analysis is that it considers 
both future climate and socio-economic change, and 
has information for different future climate scenarios 
and time periods, with a 2°C, 4°C and H++ scenario, as 
well as three population growth projections (low, high 
and no growth). It also considers the potential benefits 
of adaptation in reducing risks. 

At the national level, the Sayers et al. study estimates 
180,000 residential properties and 42,000 non-
residential properties are currently at risk in Scotland, 
with 97,000 and 25,000 at greater than 1 in 75 year 
risk of flooding. This includes some 200,000 people 
at a 1 in 75 year risk, of which 42,000 are in deprived 
areas. The estimated expected annual damage is 
£42 million for residential (direct), 120 million non-
residential (direct) and £280 million for the total costs 
(direct and indirect costs). 
The study also estimates the future EAD (equivalent 

annual damage) for Scotland under climate change. 
The values are shown below, assuming no population 
growth. The study also presents the impacts of 
population growth (not shown here). 

The estimates of the impacts of climate change 
on flooding for the Glasgow region for the 2080s 
for residential properties from the study are shown 
below. The estimated flooding impacts include fluvial, 
coastal and surface water risks, under the 2 and 4°C 
climate projection by the 2080s. The baseline number 
of properties at risk in the region is higher in the 
Sayers study than the FRM, but the EAD is lower 
(residential AAD in the FRM Strategy is £28 million by 
comparison). The exact reasons for these differences 
are not clear. The Sayers study reports a marginal 
increase in EAD for the Clyde and Loch Lomond region 
of £7 million for the 2°C scenario and £17 million for 
the 4C scenario. This highlights the large increase in 
marginal costs with higher warming scenarios. 

The CCRA2 estimate above is for residential 
properties only, and does not include non-
residential impacts, or the total flood damage 
costs. Based on the relative increase for Scotland 
as a whole, the likely total damages for the region 
would be 3- 4 times these residential costs alone. 

The Sayers et al study also analyses the potential 
impact of adaptation in reducing costs. This finds that 
very significant reductions in damage costs (EAD) can 
be achieved with relatively low-cost adaptation. 

There is an additional study that estimate future flood 
impacts – the NHS Scotland study for Glasgow (JBA 
2016). This assessed the potential increases for 2035 
for a 1 in 100 year flood, with the estimated increase 
in properties flooded below. This also has lower 
estimated numbers of properties at risk than the SEPA 
(2015) FRM Strategy.
Finally, there is a study of coastal risks by Hallegate 

Table 26. Properties at risk and Residential Expected Annual Damage from flooding (all sources). Clyde and Loch Lomond 
region (Source: Sayers et al. 2015).

Current Scenario 2080s climate change

Number residential properties 31,000

(11,000*)

2°C 34,000 [9%] (12000*) [14%]

4°C 41,000 [29%] (13000*) [33%]

Residential EAD (£) £12 million 2°C £19 million [54%]

4°C £29 million [140%]

 
* of which number in deprived areas. 
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et al (2013). This includes estimated present and 
future flood losses from coastal impacts for the 136 
largest coastal cities globally and includes Glasgow. 
This estimates that current mean annual losses from 
coastal flooding are low ($4 million/year), but with 20 
cm and 40 cm scenarios of sea level rise, these would 
rise to $95 million per year and $824 million per year 
(respectively) in the absence of adaptation. These 
estimates include the socio-economic trends and thus 
rising exposure and asset values. The study also found 

that with adaptation, mean annual costs could be 
kept at current levels. 

Overall, a clear finding is that the economic costs 
of residential and property damage from climate 
change in the region are likely to be large. It is 
stressed, however, that there is already action 
underway to deal with these. The level of flood risk 
due to surface water flooding in the greater Glasgow 
area led to the establishment of the Metropolitan 

Table 27. Estimated current properties flooded and estimated increase from climate change by 2035. (Source: JBA, 2016). 
Top NHS Glasgow and Clyde. Bottom. NHS Lanarkshire.

Estimated Current Properties Flooded – 100-yr. Flood (0.01)

Local Authority Fluvial Coastal Surface Water

East Dunbartonshire 327 N/A 383

East Renfrewshire 481 N/A 360

Glasgow City 1324 304 2584

Inverclyde 212 195 568

Renfrewshire 1159 444 1362

West Dunbartonshire 887 1216 652

Total 4390 2159 5909

Estimated Current Properties Flooded by 2035 – 100-yr. Flood (0.01)

Local Authority Fluvial Coastal Surface Water

East Dunbartonshire 24% N/A 21%

East Renfrewshire 6% N/A 12%

Glasgow City 36% 6% 21%

Inverclyde 23% 21% 12%

Renfrewshire 14% 2% 15%

West Dunbartonshire 27% 5% 13%

Total 24% 6% 17%

Estimated Current Properties Flooded – 100-yr. Flood (0.01)

Local Authority Fluvial Coastal Surface Water

North Lanarkshire 788 N/A 826

South Lanarkshire 1039 N/A 1917

Total 1827 N/A 2743

Estimated Current Properties Flooded by 2035 – 100-yr. Flood (0.01)

Local Authority Fluvial Coastal Surface Water

North Lanarkshire 16% N/A 15%

South Lanarkshire 30% N/A 18%

Total 24% N/A 17%
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Glasgow Strategic Drainage Partnership (MGSDP)15. 
Similarly, as part of the FRM Strategy and Local Flood 
Risk Management Plans, extensive flood protection 
projects are being introduced that will reduce current 
– and therefore future – risks. 

• BE2: Risks to building fabric from moisture, 
wind, storms and driving rain

The impacts of wind damage is of potential relevance. 
Wind storms are responsible for major economic costs 
in the UK and there have been several major events 
in Scotland in recent years. The wind storm analogue 
presented in the previous chapter provides an 
estimate of the wind damage for the region, with an 
estimate for a large-event of £20 million for property 
damage. This provides a baseline for possible future 
damages. Based on ABI (2017), we assume a 15% 
increase in wind related damages (for a mid-century 
medium warming scenario). There is no good data to 
provide an annualised equivalent damage, but using 
this event and assuming an increase in the frequency 
of events, this might imply an annual cost of around 
£1 million/year, though the marginal costs of the 
climate change impact would only be 15% of this. 

Currently 21,200 (2.5%) of homes across the Glasgow 
City Region are affected by rising or penetrating 
damp and 58,500 (7%) from condensation. There 
is no literature available quantifying the change in 
moisture and rain related damages with climate 
change, noting this may include positive as well as 
negative impacts. Further work to investigate this 
category might therefore be useful. 

15 The MGSDP is formed from organisations that are involved in 
the operation of the sewerage and drainage network within the 
Greater Glasgow area, including among others: local authorities; 
Scottish Water; SEPA and Scottish Canals.

Heritage and Historic Properties

• BE3: Risks to significant heritage properties 
from landslides, flooding or coastal erosion

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

There is data in the SEPA (2015) Flood Risk 
Management Strategy on the potential sites at 
risk from flooding. These sites include; scheduled 
monuments, gardens and designed landscapes, 
battlefield sites, World Heritage sites and listed 
buildings:

• For river flooding, there are approximately 108 
designated cultural heritage sites at risk of river 
flooding within the Clyde catchment;

• For coastal flooding, there are approximately 40 
designated cultural heritage sites are at risk of 
coastal flooding within the catchment; 

• For surface water flooding, there are 
approximately184 designated cultural heritage 
sites at risk of surface water flooding;

• In addition to the work by SEPA, Historic 
Environment Scotland has also assessed the 
vulnerability of the 19 properties in care in 
Glasgow City Region to climate change. 

The Dynamic Coastal Change Assessment (2017) 
looked in detail at the coastal areas and identified 
the areas of cultural heritage. The Scottish Natural 
Heritage report (Hansom et al, 2017) looked at the 
potential impacts of sea-level rise and storm surges 
due to climate change in the Firth of Clyde. However, 
even with these studies, it is very difficult to estimate 
the potential economic costs for this impact, not 
least because of the challenge of monetising current 
natural and cultural heritage value. 

Table 28. Vulnerability of Historic Properties in Glasgow City Region. (Source: Historic Environment Scotland, 2018).

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
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Cooling and Heating Demand 
including Overheating

• BE8: Risk of overheating of buildings from 
increased energy efficiency/insulation 

Temperature is one of the major drivers of energy 
demand in the UK, affecting winter heating for both 
the residential and service sectors. Climate change 
will therefore have positive effects on future energy 
demand by reducing winter heating. These responses 
are largely autonomous and can be considered as an 
impact or an adaptation. These future changes are 
quite complex to assess, especially as they need to 
be seen in the context of other drivers (e.g. changing 
housing stock, insulation levels, income, prices) and 
because they are influenced by future mitigation 
policy (both in terms of energy efficiency levels, but 
also energy source and energy prices).

Information on current energy demand is available 
from the Scottish Energy Statistics (2018). These show 
that heating is predominantly supplied by gas (79%) 
and also show that Scotland has higher consumption 
of gas, per household, when compared to the UK 
average (Average domestic gas consumption per 
consumer was 13,443 kWh/year for Scotland, as 
compared to 13,202 kWh for Great Britain and 13,082 
kWh for London, in 2016). This reflects the colder 
climate in Scotland and as a results gas consumption 
is 3% higher than in Great Britain on average. 

The influence of temperature on energy demand can 
be assessed with the indicator of heating degree days 
(Jenkins et al, 2008), which is a metric to account 
for the effect of weather on energy consumption16 
and by implication, the amount of heating needed. 
The number of heating degree days in Scotland are 
higher than Great Britain on average, though the 
values for West Scotland are lower than for Scotland 
overall (but still around 15% higher than for GB). The 
number of heating degree days in the UK – and for 
Scotland – have been falling (as captured in the UKCP 
09 observation trend reports, Jenkins et al, 200817), 
with reductions of 13% for West Scotland from 1961-
2006. However, other factors are also important in 

16 An annual measure of the extent to which daily temperatures 
suggest that buildings may require some form of space heating, 
based on the daily temperature being below a threshold of 15.5ºC. 
There are two ways of calculate HDD – a simple summation of the 
number of degrees Celsius the mean temperature is below 15.5°C 
for each day and a weighted summation.

17 http://ukclimateprojections.metoffice.gov.uk/23048

looking at changes in actual demand, and average 
energy consumption in Scotland is falling as a result 
of greater energy efficiency uptake. 

There are different methods for assessing the future 
impact of climate change on heating demand – with 
econometric analysis or impact functions, the latter 
based on heating degree days. A detailed analysis 
was undertaken for the UK CCRA1 (HR Wallingford, 
2012), which included specific data for Scotland (and 
West Scotland) and the changes in energy demand 
from this study have been used here. It is noted 
that there are considerable uncertainties with these 
projections, because they depend on the assumed 
population growth and household density, housing 
stock, the technology and efficiency of heating, 
insulation level, the fuel mix for heating, income and 
prices. 

Changes in energy demand can be valued in 
monetary terms. Average annual domestic gas bills 
are an important part of household expenditure, 
averaging around £624/year in South Scotland (in 
2016)18, thus reductions from climate change will 
be important to household expenditure. However, 
valuation involves further challenges, not least 
over the changes in prices over time. In CCRA1, the 
estimates of economic benefits from reduced heating 
demand were estimated using UK appraisal guidance. 
This used the long-run variable cost of energy supply, 
specifically the DECC guidance on valuing energy 
use and GHG emissions (BEIS, 2018). However, these 
exclude taxes and charges, and for this study, we 
consider it more useful to use the full retail (market) 
price (including taxes), which for South Scotland in 
2016 was a price of 4.16p/kWh. Note that energy 
savings leads to further economic benefits from the 
reduction in air pollution and the reduction in GHG 
emissions (making the achievement of policy targets 
less costly), and these can also be valued. Analysis 
in CCRA1 found that in terms of GHG emission 
reductions, these additional economic benefits 
were significant. It is also noted that the emissions 
reductions from reduced winter heating will also be 
an important benefit in helping the achievement of 
Scotland’s greenhouse gas emission reductions19. 

18 based on consumption of 15,000kWh for direct debit. https://
www.gov.uk/government/statistical-data-sets/annual-domestic-
energy-price-statistics. Note that the average price varies 
considerably with year. 

19 Scotland is advancing low carbon and renewable heat 
technologies can support emissions reductions whilst also 
potentially offering economic opportunities to reduce industry 
and household costs, with renewable heat targets.
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The previous energy demand changes have been 
combined with the new valuation estimates and the 
results are shown below, presented as the marginal 
change from climate change alone. As can be seen 
in the table, the total benefits from climate change 
in reducing winter heating, as well as the benefits for 
individual households are large. 

Table 29. Glasgow City Region benefits (£million/year]) 
from climate change to households from reduced heating 
demand (current retail prices). Marginal change from 
climate change only. 

 2020s* 2050s 2080s

Low p10 44 70

Low p50 25 97 126

Central p50 68 118 141

High p50 111 136 167

High p90 176 242

 
*For 2020s, values are Medium p10,p50,p90

Table 30. Average household saving (£/year per 
household) (current retail prices) from climate change.

 2020s 2050s 2080s

Low p10 53 84

Low p50 30 116 150

Central p50 81 141 168

High p50 133 163 200

High p90 211 290

Table 31. Annual % reduction in household heating 
demand in West Scotland, based on CCRA results.

 % reduction 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

A number of caveats are noted with these estimates:

• The numbers above only include gas heating. In 
Scotland, around 20% of homes use electricity 
for heating. The benefits to these households are 
likely to be larger/household, due to the higher 
cost of delivering heating through electric power;

• The values assume constant (current) retail prices. It 
is stressed that the use of the long-run variable cost 
of energy supply values would lead to lower values, 
as these are around 40% of the retail costs. These 
long run prices rise slightly in future years;

• The benefits of falling gas use would have 
additional GHG mitigation and air quality benefits. 
The benefits of GHG emission reductions are 
high, due to future carbon prices in future years, 
especially post 2030. Indeed, these economic 
benefits, if valued using the future BEIS carbon 
values, are similar in magnitude to the direct 
household savings;

• There is an issue of potential rebound effects, as 
climate change reduces energy use and therefore 
energy bills, it will increase consumers’ disposable 
income, in turn leading to greater consumption of 
energy (or other products and services). 

It is worth stressing that benefits of reduced winter 
heating will have positive distributional effects, as it 
will benefit those on low incomes the most (in relative 
terms). It will also help reduce fuel poverty. As low-
income households spend a higher proportion of 
incomes on fuel (10%), these groups will experience 
largest relative benefits.

These estimates have been compared to other 
sources. A report for CXC (2015) reports that under a 
medium emissions scenario, a reduction of 642 to 924 
HDD is projected for Scotland as a whole by the mid-
21st century, corresponding to 19%–29% of current 
values. It also estimates a reduction of 23%–37% by 
the late 21st century. These are broadly in line with 
the estimates above. The Jacobs report (2015) reports 
a baseline for Glasgow of 334 HDD and a reduction 
by the 2050s of 56 HDD, though this uses the 
simple calculation method for HDD, and finds a 17% 
reduction from climate change by mid-century. 

There are also winter heating related benefits for the 
non-residential sector. These are potentially as large 
as the domestic sector: industrial and commercial gas 
consumption makes up 41% of all gas consumed in 
Scotland. For the analysis here, we have taken current 
commercial and industrial gas use in Scotland. The 
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reduction in heating demand has been estimated 
using the same scaling factors as for domestic 
analysis above (based on CCRA1). These values should 
only be considered as approximate, but they do show 
the potential scale of benefits. The valuation uses 
current commercial retail prices, which are significantly 
lower than domestic prices, but even so, the potential 
economic benefits are very large. 

Table 32. Total Glasgow City Region benefits (£million/
year] to non-residential buildings (current retail prices) 
from climate change reducing heating demand.

 2020s* 2050s 2080s

Low p10 19 32

Low p50 10 45 60

Central p50 31 56 67

High p50 53 65 80

High p90 85 118

These would also lead to high economic benefits from 
the reduction in GHG emissions. 

Overall, the combined benefits for residential and 
non-residential buildings are therefore very large, 
indicatively estimated at more than £100 million/year 
(current prices) by mid-century. These values do not 
include the additional benefits of reduced greenhouse 
gas emissions. 

Table 33. Total Glasgow City Region benefits (£million/year] 
(current retail prices) from climate change reducing heating 
demand. Residential and Non-Residential benefits. 

 2020s* 2050s 2080s

Low p10 64 102

Low p50 35 142 185

Central p50 99 174 208

High p50 164 202 247

High p90 261 360

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

• BE11: Reduced heating demand to buildings 
from rising temperatures

Temperature is also a driver of energy demand for 
cooling. However, there are not good statistics on the 
current levels of UK cooling demand, nationally or by 
area, due to the low levels of current demand. 

Similar to heating, there is a commonly used metric 
for assessing the influence of climate on cooling 
energy demand: cooling degree days20. The current 
levels of cooling degree days in the UK are low, and 
they are especially low for Scotland (see Jenkins et al, 
2008). Nonetheless, CDD have been increasing, as 
the UK climate has warmed, although these increases 
have been modest. Increases in Scotland have been 
low (with a 3% increase in CDD for West Scotland, 
see Jenkins et al 2009, period 1961-2006). Baseline 
levels of CDD in Scotland are almost two orders of 
magnitude lower than current heating degree days.

There are projections of the increase in CDD with 
climate change. These show increases for the UK21, 
but the projected increase is reduced with increasing 
latitude, and the increases over Scotland (HRW, 2012) 
are low at 25 to 50 CDD by the 2080s, which would 
make the levels similar to southern England today. 
There is, however, the additional factor of the urban 
heat island to consider for Glasgow city. A report 
by ClimateXChange (2015) looked briefly at CDD 
in Scotland. They report very low current levels. For 
the future (2015–2090), they project an increase in 
CDD, reporting that the maximum CDD in any year 
(across ensemble projections) was approximately 80 
CDD. The Jacobs report (2015) also assessed cooling 
degree days for Glasgow and reported an additional 
2.3 CDD per year by the 2050s for the medium 
UKCP09 scenario. 

No previous studies (as identified by this review) have 
assessed the impact of climate change on cooling 
demand in Scotland (only CDD). However, it is possible 
to make some analysis of the changes by looking at 
the available information. As with heating, future 
demand is dependent on many factors, though 
income is particularly important. There is the issue 
of the capital purchase of air conditioning units 

20 An annual measure of the extent to which temperatures 
suggest that buildings may require some form of cooling (e.g. 
air conditioning), based on the daily temperature being above 
a specified threshold of 22ºC. There are two ways of calculating 
CDD – a simple summation of the number of degrees Celsius the 
mean temperature is above a 22°C for each day and a weighted 
summation.

21 UKCP09 reports average CDD over southern England for the1961-
1990 ensemble mean are simulated to be approximately 25 to 
50, whereas by the 2080s they increase to between 125 and 175.
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(from a very low current baseline) and the fact that 
cooling is predominantly powered by electricity, thus 
it is expensive to deliver. Alongside the direct costs, 
it is noted that increases in cooling and electricity 
demand will increase GHG emissions and air pollution 
(depending on the electricity supply mix), thus also 
adding to economic costs.

This study has undertaken some initial scoping 
analysis. For the medium scenarios (2050s), the 
potential economic costs of cooling demand in the 
Glasgow region are considered to be extremely low 
and would not have significant economic costs. In 
the long-term, i.e. by the 2080s, there could be some 
cooling demand. At the moment, cooling demand 
represents only 4% of total electricity demand in 
the UK (14.8TWh), though London has an estimated 
annual demand (2004) of around 4.5 TWh (Day et 
al, 2008) for domestic and non-residential sectors 
(total). By the end of the century, most projections 
show CDD levels rise in Glasgow could be similar to 
the south of England today. This would mean some 
(albeit modest) electricity demand for cooling will 
arise. Based on the available data, it is estimated 
that cooling demand could have a cost of >£10 
million/year in the region by the end of the century 
(based on current retail prices). This number is only 
indicative. Nevertheless, it demonstrates that this is 
much smaller (over an order of magnitude) than the 
benefits of reduced winter heating demand. Despite 
this, some further consideration of cooling demand 
is warranted, not least because of the nature of the 
regions building stock (which is designed to reduce 
winter heating) and because of potentially higher 
CDD increases in the city, due to the urban heat 
island. There could also be some potential risks for 
some buildings, notably hospitals during extreme heat 
episodes, where high building temperatures could 
pose health risks. 

Parks and Recreation

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

The issue of increasing vegetation growth was 
outlined in the earlier road and rail sections. There will 
be an increase in maintenance costs associated with 
vegetation control and management of green spaces. 
The current study has not been able to source current 
maintenance costs, but if there were available, some 
indicative analysis of potential future climate change 
impacts would be possible. 

• BE9: Potential for improved physical and 
mental health from increased use of parks and 
green space due to warmer weather

There will be additional recreational benefits 
(economic benefits) from the increased recreational 
activities possible with longer summer seasons 
and warmer weather. However, there are likely to 
be additional summer related costs associated 
with higher maintenance and staffing to meet this 
demand. 

• BE10: Opportunities for local food growing 
from warmer temperatures and increased 
growing season

There are some potential benefits from improved 
community gardens, though these benefits have 
not been considered in this analysis, due to a lack of 
data on current production. The potential economic 
benefits are considered to be low. 

Renewable Electricity

• BE12: Increased viability of renewable 
electricity and heat from changing weather 
conditions

Potential impacts on renewable generation, notably 
hydro, was discussed in theme 1. 




