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Health Effects of Climate Change in the UK

Preface |

Climate change will have consequences for the health of UK citizens. In 2002 the
Department of Health published a report on the ‘Health Effects of Climate Change in the
UK. This report was amongst the first of its kind in that it sought to provide quantitative
estimates of the possible impacts of climate change on health. The report was well
received and widely quoted.

Now, six years later, I am pleased to welcome an update to the original report, published
jointly by the Department of Health and the Health Protection Agency. Independent
scientific experts were commissioned by the Department of Health to focus on areas that
had changed since the original report was written. The briefer new report is therefore to
be read in conjunction with the previous report. This report was first published in draft
for wider comment on 4th May 2007. Valuable comments have since been received
which have been acknowledged in the appendix. Apart from updating the report, the
messages remain the same.

Since the work of this expert panel, other key reports on climate change have been
published, most recently that of the Intergovernmental Panel on Climate Change (IPCC).
Our report supports the IPCC findings but concentrates solely on the impacts of climate
change on human health rather than including the factors which affect climate change
itself.

One of the effects of climate change already encountered in this country is the increased
frequency of heatwaves. The devastating heatwave across Europe in 2003 led to the
Department of Health first launching its National Heatwave Plan in 2004, in which a
‘Heat-Health Watch’ system operates in England during the summer months, with advice
from the Met Office, with four levels of response and appropriate advice.

Key areas for the NHS in adapting to climate change include: adapting the health and
social care infrastructure (hospitals, nursing homes) to be more resilient to the effects of
heat, gales and floods; development of local ‘Heatwave’, ‘Gale’ and Flood’ plans for
coping with disasters; and increasing awareness of how people can adapt to changes in
climate.

Actions are also being taken across the UK Government and the NHS to reduce
emissions contributing to climate change. The UK’s Climate Change Bill is the first
legislation of its kind in the world, establishing a long-term legal framework to underpin
the UK’s contribution to tackling climate change, by putting in place a clear and credible
emissions reduction pathway to a statutory goal of a 60% reduction in carbon dioxide
emissions by 2050.

From the Government’s climate change programme, the Department of Health is leading
in setting mandatory targets for energy/carbon efficiency for the public sector and is
working with the Carbon Trust on the NHS Carbon Management Programme. Work is
continuing across the NHS at a regional and local level to mitigate to the projected
impacts of climate change. The NHS is working towards mandatory energy and carbon
efficiency targets (from 2000 to 2010) with advice and guidance from the Department of
Health on energy/carbon management for existing operational estate and for new capital
build developments. However, whilst the energy performance of the NHS is improving,
with over 70% meeting the mandatory targets of 55-65 gigajoules/100m3, due to the
expanding size of the healthcare estate, the growing levels of service provision and use of
medical and other technologies, energy use is increasing.

In January 2007 the then Minister of State for Health Andy Burnham announced a
£100M Energy and Sustainability Capital Fund for 07-March 09 to assist the NHS to
meet the overarching target of 15% energy or 0.15 million tonnes carbon efficiency
saving between 2000 to 2010, particularly by ‘spend to save’ initiatives.
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DH is continuing to work with the Sustainable Development Commission on the NHS as
a Corporate Citizen’ self-assessment model already taken up by over 200 NHS bodies
which includes action to make operations more sustainable. Sustainable Operations on
the Government Estate (formerly known as the Sustainable Development in Government
programme) requires reporting on sustainable developments in government and
addressing operational targets on energy use, water and waste.

Climate change poses great challenges and it is important to plan ahead for the health
consequences. Let’s not forget we also have a societal role to play in the mitigation of
climate change by supporting sustainable development programmes — through consumer
choice, reducing our carbon footprints and recycling waste.

acen Faina R

Dawn Primarolo
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Preface Il

Climate change is perhaps the most significant environmental problem which mankind
will face in the coming century. Efforts to reduce the extent of climate change are of
course important, but it is likely that we will have to deal with at least some impacts on
health. Preparing for climate change is now one of the top four shared priorities for UK
action set out in 2005 in Securing the future: Delivering UK sustainable development
strategy.

As a response to the need to estimate possible impacts of climate change on health, this
new report, jointly published by the Department of Health and the Health Protection
Agency, is a timely update of earlier work published by the Department of Health in
2002 (Health Effects of Climate Change in the UK).

The new report should be read in conjunction with the original report as it focuses on
areas where things have changed rather than covering, again, the whole field. A new
approach has been taken in some sections and recent research findings have been
included in many chapters.

The report was written by Dr. R.L. Maynard and a group of UK experts and we are
grateful to them for their input to this incisive report and for the time they devoted to it.

The report was edited by Sari Kovats. Her contribution has been most important —
indeed the report would not have been completed without her input.

Sir William Stewart
Chairman
Health Protection Agency

Reference

HM Government (2005) Securing the future: Delivering UK sustainable development
strategy. The Stationery Office.
www.sustainable-development.gov.uk/publications/pdf/strategy/SecFut complete.pdf
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Executive summary

The Department of Health report Health Effects of Climate Change in the UK, published
in 2002, was among the first of its kind in that it focused on the quantitative aspects of
possible impacts of climate change on health. The report was well received both in the
UK and abroad. The present report provides an update on the findings of the first report
but is not a second edition. Much that was included in the original report remains of
value and detailed accounts of some approaches to quantification of effects have not
been repeated here. In this second report a different approach has been taken in some of
the major areas of concern. Preparation for climate change is now one of the top four
shared priorities for UK action set out in 2005 in Securing the future: Delivering UK
sustainable development strategy.

A small group of experts was asked to consider the original report and to advise on
whether updating was needed. The group included chapter authors from the group that
wrote the original report and experts who had not been involved before. For some
chapters revision was recommended; for others, substantial rewriting was undertaken.

An important feature of the report is the updating of the climate change scenarios
provided in Chapter 2. These reflect state-of-the-art work: the UK is among world leaders
in this area of prediction of climate change. It is now perhaps even clearer than it was in
2002 that the climate of the UK is changing. The latest models used in this report
predict an increase of mean annual temperature in the UK of between 2.5 and 3 degrees
centigrade by the end of the century. Periods of very cold weather will become less
common, but periods of very hot weather (heatwaves) will become more common.
Application of the epidemiological concept of ‘attributable risk’ to meteorological data
allows us to assess the extent to which human influence on climate has contributed to
the risk of a specific weather event. Using this approach, a significant role for human
influence can already be identified in, for example, the European summer heatwave of
2003 which contributed to over 14,000 premature deaths in France. Changes in wind
and rainfall are less certain but periods of sudden heavy rain seem likely to become
more common despite a possible reduction in annual rainfall in some areas. Flooding is
an increasing risk.

We know rather little of the total effects on health of flooding. These were discussed in
some detail in the original report and that discussion has not been repeated here. The
predicted risk of severe coastal flooding remains low, but this will increase as sea levels
rise. The need for upgraded coastal defences in East Anglia is stressed.

As regards vector-borne diseases the picture is perhaps more encouraging. Reappraisal
of the evidence suggests that outbreaks of malaria in the UK are likely to remain rare,
though Health Authorities need to remain alert to the possibility of outbreaks of malaria
in other European countries and to the possibility that more effective vectors (different
species of mosquito) may arrive in the UK. Rapid response to outbreaks of malaria will
reduce the chances of the disease becoming endemic in the UK. Tick-borne diseases are
likely to become more common in the UK, but this will be more likely to be due to
changes in land use and leisure activities than to climate change. The likelihood that
tick-borne encephalitis will become established in the UK is very low.

Warmer summers are likely to be associated with an increase in foodborne diseases but
the picture has not changed significantly since the original report was published.

A fresh look at the effects of climate change on supplies of drinking water has been
taken. Three problems have been identified: increased rainfall (over short periods)
leading to increased numbers of bacteria in surface water; increased water temperature
leading to an increase in algal blooms in reservoirs; and a decrease in the efficiency of
chemical coagulation: a major method of removal of microbes from drinking water.

A new approach to the direct effects of high temperatures on health has been taken in
this report. This chapter (Chapter 6) should be read in conjunction with that in the
original report: both contain important and complementary material. Summers in the
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UK have become warmer, but no change in heat-related deaths occurred during the

period 1971-2003. This suggests that the UK population is capable of adapting to
warmer conditions. But heatwaves still present a serious risk. Predicting severe
heatwaves and their effects is difficult, but there is a 1 in 40 chance that by 2012 South-
East England will have experienced a severe heatwave that will cause perhaps 3,000
immediate heat-related deaths. In terms of conventional thinking about risks to health a
risk of 1 in 40 is high. Winter deaths will continue to decline as the climate warms.

The air pollution climate of the UK will continue to change. Though concentrations of
a number of important pollutants are likely to decline over the next half-century, the
concentration of ozone is likely to increase. This will increase attributable deaths and
hospital admissions. The increases are likely to be significant: with the least
constraining assumptions (no threshold of effect assumed) up to about 1,500 extra
deaths and hospital admissions per annum might be expected.

Further work has confirmed the effects of increased exposure to ultra-violet light. Skin
cancers are expected to increase.

In each chapter of the report summaries of the main points are made and a number of

recommendations for mitigating the effects of climate change on health are put forward.

These can be summarised as:

* the need for greater emphasis to be placed on climate change and its impacts and the
need for governments to focus on this problem

®* measures individuals can take to mitigate the effects of climate change on their
health. Keeping cool in hot weather is important. The easy-to-remember advice “keep
cool, keep clean, keep covered” remains sensible

® the need for further research in many of the areas touched on in this report.
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Annex

The following text explains the derivation of the maps in Figures 3.1 and 3.2 using a
biological approach.

Predicting the areas of suitability for European vivax malaria using a biological
approach

The analyses to produce the maps of European vivax malaria in Figures 3.1 and 3.2 are
based on the concept of the basic reproduction rate (Ro), which represents the number of
future cases of malaria derived from one infective case at the present time, before this
case is cured, or the infected person dies. Where R, is greater or equal to 1.0 the disease
can become established; when it is less than 1.0 it eventually becomes extinct. One
expression for R, is shown below:

R, = ma?bp
-In (p)r

where ma = the number of bites per person per day/night. This was set equal to 1.0 in
the present model, because it was assumed that the maximum biting rate tolerated by
people living near these areas would be one bite each night, since we reasoned that most
people would avoid being bitten more than 30 times in a month.

a = the frequency of feeding on a person, expressed as a daily rate;

a = h bites/person/day
u

where h is the proportion of mosquito blood meals taken from people (as opposed to other
animals that are not infected with human malaria) and u is the length in days of the
gonotrophic cycle — the interval between each egg-batch and, generally, each mosquito
blood meal. The present model assumes a mean value of h of 0.42 for indoor-resting
mosquitoes (e.g. An. maculipennis, in Jetten and Takken, 1994). u is length of the
gonotrophic cycle, described as follows:

u = fidays
T-g1

where f1 is a thermal sum, measured in degree days, representing the accumulation of
temperature units over time to complete the cycle = 36.5°C, g1 is a development threshold
below which development ceases = 9.9°C, and T is ambient temperature (Detinova, 1962).

p = the daily survival probability of adult mosquitoes. The present model takes the
median value of the mortality rate for An. atroparvus = 0.029/day (n = 24, range
0-0.294 /day) (Jetten and Takken, 1994).

n = the period of parasite development within the adult mosquitoes, in days (the
sporogonic cycle).

n = fo days
T-gz

where fz is a thermal sum, measured in degree days, representing the accumulation of
temperature units over time to complete the development = 105 degree days,

gz is a development threshold below which development ceases = 14.5°C and T is ambient
temperature (Jetten and Takken, 1994).

b = the proportion of vector females developing parasites after taking an infective blood
meal. The model assumed a value of 0.19 (James, 1931).

69



Health Effects of Climate Change in the UK

r = the rate of recovery of humans from infection with malaria. The usual assumption is
that the duration of each infection is therefore 1/r days. The model assumed that an
infection would be patent for 60 days, giving a value for r of 0.0167/day (Boyd, 1949).

In the model the above formulae were used together with the various scenarios for climate
change in the UK. The model output the number of months of the year when Ro is greater
than 1.0, indicating potential disease spread. Under conditions when Ro is less than 1.0
for a considerable proportion of the year, the disease probably cannot persist without
continuous introduction from elsewhere, or possibly as quiescent stages within
apparently recovered people.
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4 Foodborne disease and climate change
(See also section 4.2 of 2001 /2002 report)

Graham Bentham, School of Environmental Sciences, University of East Anglia

Summary

e New scientific evidence confirms the effect of temperature on salmonellosis.

e The role of temperature in Campylobacter transmission remains uncertain.

e The effect of warmer summers on foodborne disease incidence will depend on future
food hygiene behaviour and the relative contribution of different pathogens, as well as
changes in temperature.

Recommendations

e Vulnerability to the effects of climate change could be reduced by continuing efforts to
improve the microbiological standards of food at all stages in the food chain, including
production, distribution, storage and preparation.

e There may be a case for educating and warning food producers and the public about
the particular risks associated with hot weather.

e The existence of lags between high temperatures and effects on humans offers the
possibility of instituting a warning system.
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4.1 Introduction

The previous review noted that food poisoning is an important cause of morbidity in the
general population associated with significant costs of treatment and loss of working time.
The 1990s had seen a large increase in incidence for reasons that remain controversial,
but may include changes in methods of food production such as the shift towards intensive
rearing of poultry and other animals, changing patterns of retailing and catering as well as
changing behaviour of consumers.

The recognition of the seasonality of food poisoning incidence and of the various ways in
which weather conditions might affect the microbiological safety of food had led to the
suggestion that climate change could increase food poisoning risk (McMichael et al,
1996). However, at the time of the previous review there was only a very limited body of
published evidence on which an assessment of the potential impacts of climate change on
food poisoning could be based.

In recent years there have been major changes in the number of cases of food poisoning in
England and Wales and in the relative importance of different pathogens. The number of
food poisoning notifications increased steadily during most of the 1990s to reach a peak in
1998. Since then there has been a marked decline, with notifications for the most recent
year (2004) being about 25% lower than at the peak with especially large reductions being
evident for infections from Salmonella which decreased by 60% between their peak (in 1997)
and 2004.

4.2 Current impacts of climate and weather

The existence of a pronounced seasonal pattern, with a higher incidence in the summer,
points to a role for weather and climate in the aetiology of food poisoning. High temperatures
favour the multiplication of some pathogenic micro-organisms in food, including the
Salmonellas that are an important source of food poisoning in the UK. High temperatures
may also have an influence on human health risks by affecting infection rates in food
animals, for example by the multiplication of bacteria in animal feed. Other indirect
influences on human risks could include a weather-influenced shift towards dietary items or
forms of food preparation (e.g. barbecues) that are associated with increased risk.

Since the previous review, several empirical studies have been published on the
relationship between environmental temperatures and the incidence of foodborne illness.
Bentham and Langford (2001) analysed the association between weekly notification of
food poisoning and temperatures in England and Wales for the period 1974-96. This
confirmed the findings of earlier studies (Bentham and Langford, 1995; Bentham, 1997) of
a positive association between food poisoning and temperature, with the strongest effects
being for conditions 2-5 weeks earlier. A significant limitation of this study is that the
data used do not record which pathogens are responsible for the notified cases. This is
important because the different common types of food poisoning pathogens are known to
respond differently to environmental temperatures. The rate of multiplication of
Salmonella is strongly related to temperature in the range from approximately 7° to 37°C,
providing opportunities for ambient temperatures to affect the numbers of bacteria in food at
various stages in the food chain. Campylobacter, on the other hand, replicates most readily
at temperatures between 37° and 42°C in a low-oxygen environment. This makes it well
adapted to the guts of birds and other animals, but multiplication in food at typical ambient
temperatures is unlikely. Simple direct relationships with environmental temperatures are
therefore less likely than for Salmonella, although more complex effects of temperature on
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the ecology of animal reservoirs or on patterns of human behaviour leading to exposure are
possible.

Salmonella

D’Souza et al (2003) investigated the association between monthly salmonellosis
notifications and temperature in five Australian cities. They found a significant positive
association between mean temperature of the previous month and the number of
salmonellosis notifications in the current month, with the estimated increases for a 1°C
increase in temperature ranging from 4% to 10% depending on the city. Kovats et al. (2004)
analysed the association between laboratory-confirmed cases of salmonellosis and monthly
temperatures in 10 European countries. The estimated change in incidence above a common
6°C threshold ranged from 0.3% in Denmark to 12.5% in England and Wales. The strongest
effects were found for temperatures 1 week before the onset of illness rather than the longer
lag of 1 month found in the Australian study.

Figure 4.1 Modelled association between temperature and number of reported cases

of salmonellosis in England and Wales (adjusted for outbreaks, seasonal factors and
holidays)

lower confidence limit A relative risk
0 upper confidence limit

1500

1000

Number of cases

500

[ \ \ [ \
0 5 10 15 20

Average 2 month temperature°C
© S. Kovats (Data supplied by HPA)
Campylobacter
At the time of the earlier review, information was sparse on the relationship between
environmental temperatures and human disease resulting from infection by Campylobacter,

but since then new evidence has been published. In a study of Campylobacter infection in
Denmark, Patrick et al. (2004) found a significant positive association with temperature, the
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strongest effects being for lags of 4 weeks. The study also showed that the prevalence of
Campylobacter infection in broiler flocks at slaughter was positively associated with
temperatures 3 weeks earlier. In Denmark consumption of poultry is an important risk
factor for campylobacteriosis in humans. Increasing Campylobacter carriage rates in chicken
meat following warm weather may therefore be one of the factors underlying the association
between incidence and temperature in humans. A positive association between rates of
campylobacteriosis in humans and temperature (unlagged) has also been reported for
England and Wales (Louis et al.,, 2005). However, a limitation of both these studies is that
they did not adjust for seasonal factors that could confound the association between
campylobacteriosis and temperature. Influences on the seasonality of campylobacteriosis in
13 countries has been investigated by Kovats et al. (2005). Although most of these countries
showed seasonal patterns, the study was unable to find a strong effect of temperature
variability on Campylobacter transmission. Unlike Salmonella, a simple direct relationship
between temperature and Campylobacter infections is therefore not likely. However, what
cannot be excluded is the possibility of more complex effects of weather and climate via their
influence on factors such as the size of animal reservoirs of infection (Skelly and Weinstein,
2003) or the ease of transmission to humans, for example by vectors such as flies (Nicholls,
2005).

4.3 Future impacts of climate change

One study (Bentham, 1997) had used regression analysis to develop statistical models of
the relationship between the monthly incidence of food poisoning and temperatures in
England and Wales for the period 1975-95. The resulting regression model of the
association between temperature and food poisoning notifications (adjusted for trend and
seasonal factors) was then used to estimate the impact on food poisoning notifications of
scenarios of +1°, +2° and +3°C temperature increases. This produced estimates of
increases in food poisoning notifications of 4.5%, 9.5% and 14.8% respectively. If applied
to the total of 94,000 notified cases of food poisoning for 1998, these would represent
absolute increases of ~4,000, ~9,000 and ~14,000. It was emphasised that because of the
under-recording of food poisoning the real number of additional cases might be
considerably higher. It was concluded that higher temperatures as a result of climate
change might exacerbate the food poisoning problem which is already a significant threat
to public health. However, it was emphasised that the estimated changes were small
relative to the large increases that had occurred over the previous 20 years as a result of
other factors.

The 2001/2002 report concluded that a 1°C increase in temperature might result (ceteris
paribus) in about a 4.5% increase in food poisoning. Subsequent published studies have
strengthened the evidence that environmental temperatures affect the risk of food poisoning
by Salmonella, with Kovats et al. (2004) yielding an estimated effect of +12.5% per 1°C
increase in temperature. This could be taken to indicate that the earlier estimate is too low.
However, the impacts on total incidence of food poisoning resulting from all pathogens will
clearly depend also on the temperature sensitivity of disease caused by other pathogens,
especially Campylobacter. Unfortunately, in spite of the new data that have become
available, the published evidence remains insufficient to estimate reliably the potential effect
of changes in temperature on campylobacteriosis. Another important factor is that in recent
years both the absolute and the relative contributions of Salmonella infections to the total
burden of food poisoning have declined. The fraction of food poisoning cases for which there
is clear evidence of a direct relationship with temperature is therefore likely to have fallen.
On balance, there appear to be no strong grounds for changing the estimate of the earlier
review that a 1°C increase in temperature might result in about a 4.5% increase in food
poisoning. The absolute numbers of additional cases will depend on the scenarios for
temperature and the baseline number of cases of food poisoning.
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5

Water and disease and climate change

(See also section 4.4 of 2001 /2002 report)

Gordon Nichols, Centre for Infections, Health Protection Agency
Sari Kovats, London School of Hygiene and Tropical Medicine

Summary

Climate change is likely to impact on raw water quality, which in turn could affect
treatment efficiency and the stability of drinking water in distribution.

More frequent extreme rainfall events could lead to increased surface water turbidity
and higher numbers of indicator bacteria and pathogens in surface water. This would
create a greater challenge for water treatment works, particularly where direct river
abstraction is used.

Changes in the distribution of rainfall may cause local increases in drought. In such
areas, there may be an increased likelihood of contaminated surface water reaching
groundwater through the opening of short circuits as a result of a lowered water table.
Increased temperature and nutrient concentrations in surface water could lead to
cyanobacterial blooms occurring more often.

The greatest impact of increased temperature would appear to be on the efficiency of
chemical coagulation, which may lead to decreased removal of microbes by
subsequent clarification and filtration. The result could be an increased challenge on
final disinfection.

These potential impacts of climate change are unlikely to pose a threat to well-
managed water treatment plants, but could cause problems for private water
supplies, surface water supplies without filtration and groundwater supplies under
the influence of surface water, unless they are adequately filtered.

Changes in surface water and groundwater availability must be carefully managed to
avoid an acute crisis in provision at the household level.

Recommendations

76

Improved risk management of water resources in the UK to avoid acute crises in
supply.

Risk assessment by water companies of extreme weather events, particularly intense
rainfall.

Maintenance of monitoring of algal blooms in surface water.

Improved control of filter operation to minimise breakthrough of filters.

Increased monitoring of filter performance by means of turbidimeters.



Health Effects of Climate Change in the UK

5.1 Introduction

The potential impact of climate change on waterborne infectious diseases has not been
particularly well addressed in climate change assessments, in contrast to the treatment of
vector-borne diseases. The conclusions of the 2001/2002 report were limited by a lack of
research into the effect of weather and climate on waterborne diseases in the UK. Since
then, the water industry and the Environment Agency have taken steps to assess
potential risks associated with climate change (Nichols et al.,, 2003; Wilby et al., 2005).

5.2 The effects of heavy rainfall on outbreaks of waterborne
diseases

Microbiological contamination of public supplies is an important concern in Europe.
However, few studies have investigated an association between rainfall and human
disease. Due to the complexity of the causal pathways on the route from surface or
groundwater to the household, it is difficult to detect what may be a small contribution to
the overall burden of disease.

Several studies have investigated an association between drinking water turbidity and
health. Although the methodologies have been criticised, there is some indication that
reducing the maximum turbidity of filtered water may reduce the risk of Cryptosporidium
contamination. Rainfall appears to increase concentrations of Giardia and
Cryptosporidium in surface water through its effect on the amount of solid matter in the
water. There may be a link between when Cryptosporidium and Giardia concentrations
peak and when, for instance, turbidity reaches its highest level. Open finished water
reservoirs are at risk of post-treatment faecal contamination by animals, including those
that shed species of Giardia and Cryptosporidium that are potentially pathogenic to
humans. A study carried out in the US found a statistically significant association
between extreme rainfall events and monthly reports of outbreaks (Curriero et al., 2001).

Heavy rainfall can cause abnormal changes in the direction of flow of water through both
surface and underground channels. For example, in one outbreak of cryptosporidiosis
associated with a borehole extracted groundwater, it was thought that the heavy rainfall
led to water running across the surface of a field where cattle were grazing (Bridgman et
al., 1995). The water (and cattle faeces) then pooled around the head of the borehole and
leaked into the water supply.

In impermeable catchments, microbial contaminants on the land will be carried into rivers
more rapidly than those present on permeable catchments, particularly following periods
of dry weather during which the surface has become ‘baked’. One of the predicted
consequences of climate change will be more severe rainfall events. In these situations,
microbial contaminants present in biosolids or manures applied to agricultural land may
be transferred to surface water sources more rapidly than under conditions of more
‘normal’ rainfall. The contamination of surface water sources used for drinking water
production by storm drain overflow may be brief, with a bolus of infected water being
followed by substantial dilution as a result of the excess water flow. Well-run water
utilities should be able to plan for these events and have a system that keeps the risks of
contamination low, irrespective of the weather.

Cryptosporidiosis is the most significant waterborne disease associated with the public
water supply in the UK. The spring peak in cases of cryptosporidiosis is likely to be
associated with spring rainfall and high levels of contaminated manure on the land,
especially from lambs (Lake et al., 20035). These relationships show that rainfall may have
played an important role in sporadic cases of the disease in the springtime. The response
by the water industry to the UK Cryptosporidium Regulations has led to a reduction in
cryptosporidiosis and to fewer outbreaks of this disease (Sopwith et al.,, 2005). Although
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outbreaks of drinking water-related disease do still occur, within the last few years they
have nearly all been due to Cryptosporidium and are associated with supplies that are
inadequately treated. It is likely that the Water Safety Plan approach being sponsored by
the World Health Organization will lead to further improvements to water quality. There
are still many private supplies in use in the UK and these are frequently poorly treated.
The microbiological quality of such supplies is generally very poor and can deteriorate
markedly after heavy rainfall (Rutter et al., 2000). A greater number of extreme weather
events could worsen this situation although probably not substantially.

5.3 The effects of drought on water quality and water availability

A real concern is the effect of decreases in water availability. Changes in surface water
and groundwater availability, particularly in the South of England, will need to be
carefully managed to avoid any threats to domestic water supplies. Water shortages can,
if they are severe, have dramatic effects on populations. The shortages in the supply of
drinking water through Yorkshire Water in 1995 highlighted the limitations of planning
using historical records in an era of changing climate.

Warmer, wetter winters and drier summers will influence river flows. These are one of the
main indicators used to monitor the impacts and progress of climate change. Variable
river flows are obviously important since over 60% of the UK’s water supplies are
abstracted from rivers. A recent project funded by the Environment Agency assessed the
impact of climate change on the effective monitoring of chemical standards for health
protection (Crane et al, 2005). In the near term, climate change is unlikely to directly
cause any exceedances of health and environmental standards. However, unless more
samples are taken, changes in climate that lead to an increase in the variability of river
flows could lead to an increased likelihood of failure to detect non-compliance with the
standards.

Flows in rivers draining impermeable catchment areas decline rapidly when there is little
rain, and effluent discharges become an increasingly high proportion of the river flow. In
contrast, where natural groundwater inflows sustain river flows, the effect of low rainfall
will not be so immediate. However, once groundwater levels become low, the river flow will
be depressed and may remain in this state long after rainfall has occurred. If summers
become warmer and drier, effluent discharges could remain an important component of
the river flow for protracted periods.

In addition to threatening water supplies, low flows reduce effluent dilution. A greater
effluent loading in the river will also be reflected in an increased pathogen loading. This
could represent an increased challenge to water treatment plants. However, under low
flow conditions, transit times between discharge and abstraction will be increased,
providing more time for pathogen decay to occur. In addition, if climate change brings
warmer and drier summers, river temperatures will be higher, with greater rates of
natural purification through biological predation and possibly increased levels of sunlight.
An assessment of the dry summer of 2003, when river flows were reduced, found
apparent changes in water quality (Senhorst and Zwolsman, 2005). There are also risks of
surface water reaching groundwater through routes that are not usually open during
periods when the water table is low as a result of a drought.

The most significant consequence of drought would be a failure of the domestic water
supply, resulting in a need for standpipes and other methods of water delivery. The
potential health effects of this would include infectious intestinal diseases, due to
contamination of water and reduced hygiene, but such measures may also lead to civil
unrest. Access to sufficient water for the elderly, disabled and less mobile would be a
concern. Localised water shortages may be particularly important in South-East England
due to population growth and climate change (HPA, 2006).
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5.4 Recreational waters and algal blooms

Recreational waters (either inland surface waters or coastal waters) are also an important
source of waterborne diseases in bathers (Zmirou et al, 2003). Transmission of
waterborne diseases from faecal contamination, as well as from naturally occurring
pathogens, may also be affected by warmer temperatures as well as changes in rainfall
and run-off (Hunter, 2003; Schijven and de Roda Husman, 2005).

Algal blooms may become more common with increasing temperatures. Several species
have been implicated in causing disease in humans. However, there is little direct
evidence that Aeromonas hydrophila (or other organisms that bloom in distribution)
currently cause any significant burden of ill health. There has not been further work on
this since the 2001/2002 report. Some risk assessment is needed, both for direct contact
and economic implications (since water bodies must be closed), as well as for
contaminants in the public water supply (microcystins) (Codd et al, 2005). Blooms of
Aeromonas hydrophila and coliforms can result from raised organic carbon present in the
water in distribution, higher temperatures and reduced chlorine.

There is also evidence that heavy rainfall events can precipitate coliform re-growth in
water distribution systems by increasing the nutrient content of water (LeChevallier et al.,
1991). Non-faecal coliforms in drinking water do not appear to be associated with disease
in the community (Edberg et al, 1986; Zmirou et al., 1987; Hellard et al., 2001). It
remains possible that other organisms might take advantage of these changed conditions.
Public utilities in charge of recreational waters should therefore be vigilant in checking
the organic carbon content of water and should ensure adequate disinfectant levels to
prevent these problems.

Cholera is not generally a problem within developed countries. There is a chance that a
substantial alteration in world climate could contribute to the triggering of an eighth
pandemic of cholera, particularly if there is an increase in sea level. While this might give
rise to an increase in the incidence of cholera in people travelling overseas, it is unlikely
that indigenous disease would increase with current UK infrastructure. Substantial
coastal inundation due to sea level rise might increase population movement and could
have a significant impact on immigration and the diseases associated with this.
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6 Direct effects of rising temperatures on mortality in

the UK

(See also section 4.1 of 2001 /2002 report)

Gavin Donaldson, Queen Mary, University of London
William Keatinge, Queen Mary, University of London

Summary

Mean annual heat-related mortality did not rise as summers warmed from 1971 to
2003, implying an increase in population tolerance to heat, while annual cold-related
mortality fell by more than 33%.

Daily mortality in the South of England increases at temperatures above about 27°C,
and the effect of several consecutive days combined is much greater than the effect of
the same number of separate hot days.

Improved tolerance to heat in the future will reduce the impact of hotter summers,
but increased frequency and intensity of heatwaves are a major concern.
Extrapolation of current data showed the risk of a 9-day heatwave (averaging 27°C in
South-East England, with over 3,000 immediate heat-related deaths and 6,350 heat-
related deaths throughout that summer in Britain), as 1 in 40 each year by 2012, or
25% at some time during the 10 years centred on that year.

Recommendations

Promotion of measures to avoid heat stress and dehydration, on the lines of the
current Heatwave Plan, are recommended to reduce heatwave mortality over the next
decade.

In the longer term, improved building design could minimise the need for increased
energy use, and the consequent acceleration of climate warming by air conditioning.
Regular assessments of heatwave impacts will be important as climate warming
proceeds.
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6.1 Introduction

Heat-related mortalities are substantial throughout Europe, but the hot summers in
Southern Europe cause little more mortality than the milder summers of more northerly
regions (Keatinge et al.,, 2000). People in Southern Europe achieve this largely by simple
traditional measures, such as use of shade, fans, and avoidance of exercise at hot times of
day, rather than by air conditioning as in the United States (Greenberg et al., 1983; Rogot
et al., 1992; Taylor and McGwin, 2000; Basu and Samet, 2002; Donaldson et al., 2003;
Davis et al.,, 2003). The time needed for people to adopt effective responses to hotter
weather is not known.

There are particular grounds for concern about mortality from occasional heatwaves of
unprecedented severity (see Chapter 1). In 2003, an exceptional heatwave in central
France caused mean daily temperatures of around 28°C for 10 days with 14,000 deaths
(Pirard et al.,, 2005). Further south, where people were more accustomed to high
temperatures, the heatwave caused less mortality. Estimates of the probability of a
heatwave approaching that level in Britain, and of its likely effect on mortality, are
particularly important.

This chapter estimates heatwave-related mortality using data from 1971 and from
extrapolation of this until 2015:

e The level of temperature and frequency of heatwaves, and of heat-related mortality in
the absence of intervention.

e The changes in vulnerable population aged 65+, and the response of this population
to heat and cold.

Assessments were made separately for South-East England, the rest of England and
Wales, and Scotland; data for Northern Ireland were not available. An indication of longer-
term problems was based on current predictions of greenhouse gas emissions and climate
warming over the next century is described in Chapter 1.

6.2 Observed changes in heat- and cold-related mortality
(1971-2003)

Methods and data

The Office for National Statistics (ONS) and the Scottish Office provided populations and
daily deaths 1971-2003 (1974-2003 in Scotland). Populations aged 65+ for years 1971,
1976 and 2003 respectively in South-East England (Greater London, Hertfordshire, Essex,
Kent, East and West Sussex, Hampshire, Surrey, Berkshire, Oxfordshire,
Buckinghamshire and Bedfordshire) were 2.334, 2.467 and 2.693 million; in the rest of
England and Wales 4.216, 4.591 and 5.589 million; and in Scotland 0.685 (for 1974),
0.697 (for 1976) and 0.809 (for 2003) million. Mortalities were obtained after dividing daily
deaths by estimates of daily population obtained by fitting a third order polynomial to the
yearly population, estimated by ONS from census data. Recent mortality data were not
available for Northern Ireland in time.

Daily temperatures for Edinburgh (Royal Botanical Gardens), for South-East England
(Heathrow) and for the rest of England and Wales (‘Central England temperature’ — mean
of Squires Gate, Lancashire; Manchester Airport; Malvern, Worcestershire; Rothampsted,
Hertfordshire) were provided by the Meteorological Office. All temperatures used were 24-
hour mean values.

82



Health Effects of Climate Change in the UK

Heat-related mortality starts in the UK when mean daily temperature exceeds about 18°C
(Donaldson et al., 2003). Excess mortalities due to heat and cold each year per 10° people
aged 65+ were estimated respectively as the increase in mortality above and below the 3°C
band of temperature at which mortality was lowest in that region that year. No
adjustment was made for air pollution (Keatinge and Donaldson, 2006) or for influenza.
Cold-related mortality is much larger than heat-related mortality, both in the UK and in
the rest of Europe (Keatinge et al., 2000; Eurowinter Group, 1997; Healy, 2003). The band
of minimum mortality was obtained from mortalities in 3°C bands calculated at
successive 0.1°C increments. Summer temperatures were means for June—August, winter
temperatures means for December-February, and temperature of onset of heat-related
mortality was the upper end of the 3°C band of minimum mortality. Changes over time
(1971 to 2003) were calculated by linear regression with confidence limits.

As described in Chapter 1, the UK has experienced some warming in the last three
decades. Figure 6.1 shows that mean summer temperature in South-East England rose
significantly (p<0.05) from 16.6 to 18°C between 1971 and 2003. It rose non-significantly
in the rest of England and Wales from 15.2 to 16.2°C and marginally in Scotland from
14.3°C in 1974 to 14.7°C in 2003.

Despite the increasing temperature, the trend in annual heat-related mortality per million
aged 65+ fell significantly in Scotland and non-significantly in other regions:

e South-East England from 258 in 1971 to 193 in 2003
e rest of England and Wales from 188 to 93
e Scotland from 125 (in 1974) to only 8 in 2003 (p<0.05).

Winter temperatures tended to rise and the trend in cold-related mortality per million
aged 65+ fell in all regions (p<0.001):

e South-East England from 9,174 to 5,903
e rest of England and Wales from 9,222 to 6,088
e Scotland from 9,751 in 1974 to 6,166 in 2003.

The bottom row of graphs in Figure 6.1 shows that the temperature of the upper limit of
the band of minimum mortality, above which mortality starts to rise with temperature,
tended to increase in all regions. This, as well as the decline in heat-related mortality
despite warmer summers, provides evidence of improving tolerance of the population to
hot weather, especially in Scotland. The figure also shows that mean summer
temperatures in South-East England in 1976 and 2003 were higher than those of
neighbouring years, and produced higher heat-related mortalities than these
neighbouring years.

Heat-related deaths in 1976 (actual, not trend and not as mortality per 109) totalled 4,651
in all regions of Britain; 2,101 were in South-East England, 2,392 in the rest of England
and Wales, and 158 in Scotland. Linear regression of annual heat-related deaths in
South-East England showed that these tended to fall (by 69 to 548), although summer
temperature rose between 1971 and 2003 and the vulnerable population aged 265
increased (from 2.334 to 2.693 million).
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Figure 6.1 Mean summer and winter temperatures, heat- and cold-related
mortalities, and upper limit of 3°C band of minimum mortality each year. Means
and 95% confidence limits of the mean
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Figure 6.2 Hottest day and hottest runs of 5 and 9 days each year. Means and 95%
confidence limits for individual years
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6.3 Observed and future changes in heatwaves and in heatwave
mortality

Figure 6.2 shows that the temperature of the hottest day each year, and of the hottest 5
and 9 consecutive days each year in South-East England and in the rest of England and
Wales, all tended to increase at approximately double the rate of increase of mean
summer temperature, as variability in the daily temperatures increased (see also Schar et
al., 2004). Changes in Scotland were too small to assess.

Figure 6.3 shows daily data for the 1976 and 2003 heatwaves. Mortality in the population
aged =55 rose sharply when mean daily Central England temperature exceeded 25°C for a
few days, as it did in South-East England in 1976 with one day at 25.7°C followed by
three at 27.45-27.7°C (mean 27.1°C over the successive 4 days above 25°C). During this
time daily mortality continued to rise, with approximately equal increments, and fell on
the day the temperature fell. The heatwave of 2003 was both briefer and less intensive,
producing a clear rise in mortality mostly in South-East England.

Figure 6.4 shows that deaths per day (not adjusted for the progressive rise in population
aged 65+) rose sharply in the South-East when daily mean temperature (on the same day)
(Heathrow) exceeded 25°C. Even with the increase in the population aged =65, heat-
related deaths were a little lower in the years after than before 1986, particularly at the
higher temperatures.

The 95% confidence limits in Figure 6.2 show the probability of a 9-day heatwave
averaging 27°C in South-East England as 1 in 40 each year by year 2012, or of 1 in 4
(25%) at some time during the 10 years from mid-2007. The potential mortality from such
a heatwave can be estimated as follows.

There were 854 heat-related deaths in South-East England during the 4-day heatwave in
1976, estimated as excess deaths above the 328 mean daily deaths in the 3°C band of
minimum mortality that year. During those 4 days (when daily temperature averaged just
over 27°C), daily deaths increased each day by a mean of 80.2 from a baseline of 341
mean daily deaths on the previous 14 days. If deaths had continued to increase at that
rate, 9 days averaging 27°C in South-East England would have caused 3,726 heat-related
deaths there, that is, 2,382 more than actual heat-related deaths in the 9-day heatwave
starting 25 June 1976.

For 2012, this estimate of heat-related deaths during a 9-day heatwave in South-East
England can be reduced a little, since Figure 6.4 shows that daily deaths at such
temperatures were tending to decline, by around 2.1 each year, as tolerance to heat
improved. This reduces the estimate to 3,046, or 1,702 more heat-related deaths than on
the 9 days starting 25 June 1976. Taking heat-related deaths outside those days in the
South-East, and all year in the rest of Britain, as unchanged from 1976, with increasing
tolerance to heat offsetting rising temperatures outside the 9-day heatwave in the South-
East, total heat-related deaths in Britain throughout 2012 would be 6,353.
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Figure 6.3 Temperature and mortality each day in two major heatwaves in South-
East England
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Figure 6.4 Crude relationship between daily deaths and mean daily temperature
in South-East England. Temperatures are means of values on days 0, -1, -2 relative
to mortality
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6.4 Discussion

Increasing tolerance to heat has so far prevented rising temperature from increasing mean
heat-related mortality, even in South-East England where summer temperatures have
risen 1.4°C since 1971. Together with falls by more than a third in cold-related mortality
in all regions as winters grew warmer, the overall trend in combined heat- and cold-
related mortality during climatic warming from 1971 to 2002 was beneficial.

The increasing tolerance to heat probably resulted as much from lifestyle changes, such
as greater readiness to wear informal clothing and less need for physical exertion, as from
physiological adaptation to heat stress, which is relatively short term. However, we
estimate that the increasingly variable as well as higher summer temperatures will create,
by 2012, a 1 in 40 risk every year (a 1 in 4 risk in the decade centred on 2012) of a 9-day
heatwave at 27°C in South-East England. Without preventive action, this could cause
more than 3,000 immediate deaths with more than 6,350 heat-related deaths throughout
that summer.
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