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THEME 3 – SOCIETY AND HEALTH

This section focuses on society and health. This 
provides additional challenges, because the impacts 
are generally more difficult to value than for other 
sectors, as there are no observed market prices. 
However, it is possible to derive monetary values by 
considering the total effect on society’s welfare. This 
requires analysis of three components which each 
capture different parts of the total effect:

• The resource costs i.e. medical treatment costs;
• The opportunity costs, in terms of lost productivity; 

and 
• Dis-utility i.e. pain or suffering, concern and 

inconvenience to family and others. 

The first two components can be captured relatively 
easily. Techniques are also available to capture the 
third component, by assessing the ‘willingness to 
pay’ or the ‘willingness to accept compensation’ for 
a particular health outcome. These are derived using 
survey-based “stated” preference methods and/or 
“revealed” preferences methods that are based on 
observed expenditures such as on consumer safety.

Flood related impacts

• SH1: Risks to people and communities from 
flooding

The analysis of people flooded was included in the 
estimates of residential flooding in the infrastructure 
theme. There are, however, three additional issues 
which are relevant here. First, the distributional effects 
of flooding. Second, the health impacts of flooding. 
And third, the impacts of flooding on community 
infrastructure. 

The Mapping Flood Disadvantage report 
(Kazmierczak, 2015) identifies Glasgow as having 
extremely high flood disadvantage. It identifies that 
West Dunbartonshire has the highest flooding risk 
of all city regions for coastal flooding, i.e. with a high 
proportion of residential properties at risk. It also 
identifies that one-third of the acutely/extremely 
disadvantaged data zones in relation to surface water 
flooding are in Glasgow. A further report by Sayers 
et al (2017) for the Joseph Rowntree Foundation 
also looked at flood disadvantage. This finds socially 
vulnerable neighbourhoods are over-represented 
in areas prone to flooding (all sources), but most 

significantly in areas prone to coastal (and tidal) 
flooding. Glasgow is identified as one of the ten local 
authorities (in the UK) where the most vulnerable 
neighbourhoods are located, i.e. it is one of the ten 
most flood disadvantaged local authorities in UK. 
In Glasgow, those living in the floodplain are almost 
twice as likely to experience frequent flooding than 
the UK average. 

A key finding is therefore that there are large 
distributional differences in flooding in the region, 
i.e. the impacts of flooding are higher for deprived 
neighbourhoods, and these groups have lower 
resilience to flooding, because of lower income levels 
and lower access to insurance. Those living in flood 
prone areas in Scotland experience the highest 
equivalent annual damage per person (on average, 
£113 per person), which is over double that of England 
(on average, £50 per person). By the 2080s, for a high 
climate change scenario (+4°C), the EAD per person 
in Scotland increases to £183 per person (compared 
to £95 per person in England) with the risk in socially 
vulnerable neighbourhoods increasing twice as quickly 
as elsewhere.

Flooding is also associated with increased rates of 
anxiety and depression, and extreme flood events 
can also lead to injuries. The methods for assessing 
these impacts was set out in Chapter 2, in relation to 
the impacts on mental health and wellbeing from the 
2015 flood. This reported the estimated maximum 
health costs, based on the number of properties at 
risk in each authority, shown below. 

Table 34.. Maximum possible economic costs from 
flooding on mental health and injuries for a 1 in 100 year 
event. Current risks.

Local Authority

Total Health 
costs river 

flooding (1 in 
100)

Total Health 
costs surface 
flooding (1 in 

100)

East Dunbartonshire 580,000 960,000 

East Renfrewshire 860,000 1,420,000 

Glasgow City 2,360,000 3,900,000 

Inverclyde 380,000 620,000 

Renfrewshire 2,070,000 3,420,000 

West Dunbartonshire 1,580,000 2,610,000 

North Lanarkshire 1,410,000 2,320,000 

South Lanarkshire 1,850,000 3,060,000 
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The uplifts presented in the previous section (on 
property flooding under climate change) indicate that 
the risk of river flooding (in terms of the additional 
number of properties flooded) could increase by just 
over 40% by the 2080s, and by 80% for coastal 
flooding, due to climate change. These would increase 
the health impacts of floods by the same proportion. 
This therefore indicate that the increase in health-
related flood impacts is important in economic terms, 
but that it would be low relative to direct property 
damage costs. 

The FRM strategy also highlights that a number of 
educational buildings and healthcare facilities are at 
risk of river flooding (<10) and educational buildings 
at risk of surface water flooding (60). There is also a 
series of studies that have been undertaken on the 
health facilities in Scotland, with the NHS (including 
NHS Greater Glasgow and Clyde) (JBA, 2016) and 
for specific NHS councils (e.g. for North and South 
Lanarkshire (JBA, 2015). These identify the potential 
risks to health infrastructure. 

• SH5: Risks to the viability of coastal 
communities from sea level rise

The discussion of coastal flooding on property 
was reported in the earlier theme. The viability of 
coastal communities to sea level rise relates to cases 
where sea level rise and inundation (the frequency 
of flooding), or erosion, lead to the potential 
abandonment of coastal communities. This can 
happen when either erosion or erosion risk affects the 
safety of the area, or where the frequency of flooding 
becomes so high as to make insurance unviable. 
However, these outcomes assume that adaptation 
measures are not implemented. 

It is highlighted that there are clusters of existing 
and proposed housing and commercial development 
around Greenock and Gourock as well as particular 
individual other sites in Renfrewshire and West 
Dunbartonshire, that could be at potential risk of 
coastal impacts. However, more research is needed 
to better characterise the impacts from sea level rise 
on coastal communities, thresholds for viability, and 
what steps should be taken to engage and support 
affected communities.

Heat related effects

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

The main health risk of higher summer temperatures 
and heatwaves is associated with premature (excess) 
deaths (mortality). Numerous studies show that daily 
mortality increases above a temperature threshold, 
though the threshold and rate of increase varying 
between regions. 

Several studies have quantified these impacts in 
the UK, though the focus has been on England and 
Wales. However, the CCRA1 (HRW, 2012/ Hames and 
Vardoulakis, 2011) estimated additional morbidity 
impacts by region, and the estimates of numbers of 
premature mortality cases from climate change in 
Scotland have been used in this study. In practice, 
estimates vary strongly according to the functions 
used, and whether future acclimatization is included 
(natural adaptation). There are also important issues 
of future population growth and the proportion 
of older people (who are more vulnerable) which 
increases future impacts.

The additional premature fatalities – specifically the 
change in the risk of a fatality – can be valued in 
monetary terms. The valuation of the change in the 
risk of fatalities is routinely included in Government 
appraisal, in the road transport sector with respect to 
accidents. The current values from DfT (2017) for the 
average value of prevention of a fatality is £1,888,675 
(2017 prices), which comprises the total from lost 
output, human costs and medical costs. 

However, there is an important question of whether 
these values should be transferred to the heat 
context, as heat predominantly affects those who are 
old and/or have exiting health conditions. Previous 
studies have therefore used an alternative approach 
as a sensitivity, based on the Value of a Life Year 
(VOLY) Lost (which is derived from the full Value of 
Statistical Life, i.e. the VPF) mirroring the approach 
used in air pollution valuation by Defra. This adjusts 
down the economic costs based on the estimated 
period of life lost. For this analysis, we use both values. 
The VOLY numbers are based on Interdepartmental 
Group on Costs and Benefits (Defra, 2007), with 
values updated to 2017 prices, and assuming 6 
months of life is lost on average for each fatality.
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Table 35. Estimate of the number of additional mortality 
cases/year for the Glasgow City Region (based on HRW, 
2012) including population growth.

Numbers fatalities /year 

 2020s 2050s 2080s

Low 12 27 43

Central 28 57 94

High 50 108 185

Table 36. Monetary valuation of heat related mortality – 
Glasgow City Region (VOLY approach), £M/year.

Valuation £million/year) 

 2020s 2050s 2080s

Low 0.4 0.9 1.5

Central 0.9 1.9 3.2

High 1.7 3.6 6.2

Table 37. Monetary valuation of heat related mortality – 
Glasgow City Region (VSL approach), £M/year.

Valuation £million/year) 

 2020s 2050s 2080s

Low 22.5 50.3 81.7

Central 52.4 107.1 177.5

High 94.6 204.0 349.7

This shows that the choice of valuation metric makes 
a very large difference to the results. Indeed, with a 
full Value of a Prevented Fatality, the impacts become 
one of the most important economic costs for the 
region from climate change. 

There is also a strong distributional factor with these 
impacts. The health impacts are disproportionately 
higher for vulnerable groups (the elderly, those with 
existing health conditions, socially deprived), due to 
a combination of exposure, sensitivity and capacity 
(including support networks). 

Importantly, 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, which 
would increase the values above. However, they do 
not include natural acclimatisation (to changing 
temperatures over time), which would significantly 
reduce the values. 

The CCRA1 estimates were updated in a later study 
(Hajat et al, 2014). This reported 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 population). These estimates of premature 
mortality cases per year for Scotland are in line with the 
CCRA estimates in the table. This study also reported 
that heat mortality risks increased with age group, with 
the greatest risks by far occurring in those above 75 
and especially above 85 years. They also report that 
the relative decline in cold days will be lower than the 
increase in hot days, which is important for the later 
comparison of cold related mortality. 

In addition to these fatalities, heat (and extreme 
heat) is linked with a range of other health impacts 
(morbidity). Previous studies (e.g. CCRA, HRW, 2012/ 
Hames and Vardoulakis, 2011) have estimated these 
additional morbidity impacts by correlating with 
heat related mortality. This looks at the increase in 
hospital patient days (hospital admissions as a result 
of heat related illnesses), though these should only 
be considered as indicative. This approach is used 
here, relating additional morbidity to the mortality 
cases. These cases of morbidity are valued using 
the Interdepartmental Group on Costs and Benefits 
values (derived in the context of air quality) for the 
economic costs of hospital admissions, updated to 
2017 prices. The values are shown below. 

Table 38. Estimate of increased health morbidity (patient 
days) related to heat for Glasgow City Region (based on 
HRW, 2012) including population growth.

Numbers of patient days from heat/year

 2020s 2050s 2080s

Low 1216 2718 4414

Central 2827 5782 9585

High 5107 11017 18884

Table 39. Monetary valuation of heat related morbidity – 
Glasgow City Region, £million/year.

Valuation £million/year)

 2020s 2050s 2080s

Low 0.9 1.9 3.1

Central 2.0 4.0 6.7

High 3.6 7.7 13.2
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These show that these costs could be significant. They 
will also be implications for health and social care 
during hotter periods. As with mortality, these health 
impacts are disproportionately high for vulnerable 
groups (the elderly, those with existing health 
conditions, socially deprived). 

It is noted that unlike England and Wales, Scotland 
is not currently part of the heat health watch system 
(HHW), although it is covered by the broader National 
Severe Weather Warnings (NSWWS)22. 

There is also a link between heat, health and wellbeing. 
Above certain thresholds, heat can reduce comfort levels 
in buildings. This is partially covered by the potential 
increase in cooling (as an autonomous adaptation) but 
given the low levels of cooling degree days in Scotland, 
this is more likely to be represented as periods of hotter 
weather with higher internal building temperatures. 

Finally, there are some additional areas that could 
arise, but which have not been considered: 

• There is a link with extreme heat waves and 
mental health;

• Warmer weather impacts on broader well-being, 
with a wide range of positive effects, including 
health benefits (well-being, exercise levels, outdoor 
recreation, etc.), although these are often negated 
during extreme heat events. 

Cold Weather and Other Extremes

• SH9: Potential benefits to health and 
wellbeing from reduced cold

Cold-related deaths and illness are a large existing 
public health problem in the UK, and in terms of 
baseline levels, there are far more col-related than 
heat-related impacts currently. 

With reducing winter and cold temperatures under 
climate change, there will also be reduced cold-related 
mortality and morbidity, which is a benefit. This will result 
in lower numbers of fatalities and hospital admissions. 
These are more difficult to attribute due to the greater 
number of winter related factors (i.e. infectious diseases), 
though there are some estimates available. 

22 https://www.metoffice.gov.uk/public/weather/heat-
health/#?tab=heatHealth

The CCRA (e.g. CCRA, HRW, 2012/ Hames and 
Vardoulakis, 2011) assessed the potential decrease in 
cold related mortality and estimated these additional 
morbidity impacts by correlating to mortality and 
morbidity from earlier studies. They reported that 
the economic benefits of cold related mortality from 
climate change were much larger than the increase in 
heat related mortality. 

An update from Hajat et al, (2014) assessed the 
changes in mortality from climate change and found 
the frequency of hot days was projected to rise 
steeply, with over a threefold increase by the 2080s, 
whereas the number of cold days was projected to 
decline at a less dramatic pace. The effect of this was 
that there were more marginal (additional) deaths 
relative to the baseline from heat related mortality 
than reduced cold related mortality by the end of 
the century. This would imply that the marginal 
economic cold related mortality benefits were lower 
than the heat related mortality impacts from the 
2050s onwards (although because of current baseline 
levels, there would still be more cold-related than heat 
related deaths in all periods). 

The study provided estimates for Scotland. This 
modelling 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 by the 2080s. 
This would lead to high economic benefits, which 
are much higher than the additional cold related 
mortality impacts estimated in earlier in this chapter. 

• SH3: Risks to business continuity of health and 
social care from extreme weather 

• SH4: Increased patient demand on NHS 
services from high winds, snow and ice, floods, 
cold weather

There a range of effects from extreme heat on 
health and social care. The most apparent is the 
extra incidence of mortality and morbidity, which was 
assessed above. The resource costs of these impacts 
on the health services are included in the values 
presented earlier. 

There are, however, some additional costs. The NHS 
Glasgow studies (JBA, 2015:2016) identified potential 
health and social care impacts from climate change 
and heat. NHS Greater Glasgow and Clyde have 
identified that 5 of the 23 hospitals are at very high 
or high risks of a 1 in 200 year surface water or river 
flooding in the 2080s. Similar data has not yet been 
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obtained for NHS Lanarkshire. SEPA’s assessment of 
flood risk to community buildings identifies that over 
60 community facilities (which includes healthcare 
and emergency facilities) are at potential risk.

Cold, snow and ice make it difficult for patients and staff 
to access health facilities and for care staff to get to 
people’s homes. Ambulance response times are longer 
during the very cold weather. (medium confidence) 
(LWEC, 2015). There are also emergency hospital 
admissions for falls (associated with snow and ice) and 
ambulance response times both increase during harsh 
winters. (medium confidence). Cold, snow and ice-related 
disruptions are likely to decrease from climate change, 
i.e. a benefit, although severe cold spells will still occur. 

Current patient demand on NHS services does arise 
from extremes (high winds, snow and ice, floods, cold 
weather). The relative change in all of these events will 
determine the potential size of changing demand under 
climate change, noting some will lead to increases and 
others decreases. Injuries and admittances from floods, 
and potentially high winds, are likely to increase, whereas 
those from ice and snow (including trips and falls) and 
cold weather (see earlier) will decrease. 

The economic benefits of the various impacts and 
benefits above have not been quantified, as there is a 
lack of quantified studies.

Other health impacts

• SH6: Risks to health from changes in air 
quality

Climate change will have some effects by changing 
the concentrations of ozone and potentially particular 
matter, affecting the health impacts of air pollution. 
These impacts have been assessed in European 
and UK studies (e.g. Vautard et al, 2016). For ozone, 
models indicate an increase in ozone in most of 
Europe in the summer, but in winter the uncertainty 
on the sign of change is high. For particulate matter, 
changes due to climate change are uncertain, as 
the models do not agree on the sign of the change, 
though impacts/benefits could potentially be 
important. Air pollution episodes can be a particular 
problem during heat waves, thus the potential 
increase in heat events could exacerbate current 
impacts. However, it is noted that the decreases in air 
pollution from air pollution and mitigation policy will 
strongly reduce baseline air pollution impacts in the 

future, thus the marginal impact of climate change 
on future air pollution levels will be low.

A further risk from climate change is the impacts on 
aeroallergens and hay fever, eczema and asthma 
episodes. Climate change is likely to trigger changes 
in pollen concentration, volume and distribution, with 
an associated increase in the prevalence and severity 
of allergic diseases in many parts of Europe, notably 
where plant productivity increases (which is likely in 
Scotland due to the warmer temperatures). There are 
no estimates of these impacts and thus no valuation 
is possible. This could be a potentially important 
impact and represents a gap. 

• SH7: Risks to health from vector-borne 
pathogens

Vector-borne diseases (VBDs) refer to infections 
transmitted by the bite of blood-sucking arthropods 
such as mosquitoes or ticks. These species are 
sensitive to climatic factors, and climate change 
has the potential to change prevalence (range) and 
occurrence. In Europe, tick borne diseases are most 
important currently (Tick-borne encephalitis (TBE) 
and Lyme disease), that latter of which is prevalent in 
the UK (TBE is not currently a risk). 

Currently the incidence of Lyme disease is low in 
Scotland though there is evidence numbers are 
increasing (though this will be due to many factors). 
The number of cases of Lyme borreliosis 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). It is likely that the range of the 
ticks will increase in Scotland with climate change, 
and thus the incidence is likely to increase though 
there are no quantified estimates of the potential 
increase. 

There are risks of mosquito borne disease emerging 
in Europe, notably malaria, dengue fever, west Nile 
virus and Chikungunya, but these risks are considered 
low because of effective vector control measures 
already in place. However, in the longer-term, there 
is the potential for climate change to facilitate the 
expansion of either vectors or current parasites 
responsible for disease into Europe. Given Scotland’s 
geographical position, the risks of these changes are 
considered low. 
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• SH8: Risks to Sport and leisure activities from 
severe weather, higher temperatures and 
increased precipitation

There are potential positive as well as negative 
impacts from changes in weather extremes and 
climate on sport and leisure activities. There is 
currently a lack of information in the literature on 
these, but they are likely to be low relative to other 
categories. 

Other health risks

There are a number of other health impacts that are 
not considered in the Climate Ready Clyde list. 

Salmonellosis is an important cause of food 
borne illness in Europe and is sensitive to ambient 
temperature: increases in incidence are therefore 
expected with climate change. However, cases of 
Salmonella are decreasing, because of improved food 
hygiene. There are some other food borne diseases, 
but none of these are considered a high risk (from 
climate induced change). 

The impacts of water borne disease primarily arise 
from extremes (floods and droughts) affecting 
water quality and availability. They are highly site 
specific and follow complex indirect pathways, thus 
are not well assessed. There are country studies of 
climate related impacts: these do not find high health 
impacts, but they do highlight that the costs of 
additional water treatment could be high. 




