Climate change adaptation in the health sector -

a literature review

Prepared by:
Dr. Sarah O’Brien, Specialist Registrar Public Health Medicine, Department of Health, September
2018.

Under the supervision of:
Dr. Colette Bonner, Deputy Chief Medical Officer, Department of Health.



Climate change adaptation in the health sector — a literature review

Introduction

Climate change is a globally pervasive phenomenon that represents a significant threat to human
health (5). Climate changes observed in Ireland to date include a change in rainfall patterns,
extremes of weather and an increase in average temperatures (8). Such changes can impact the
physical and mental health and wellbeing of the population whilst potentially also negatively
impacting on the operational delivery of the healthcare system (15,16). While measures to reduce
greenhouse gas emissions at both the national and international levels have been implemented, the
impacts of climate change are expected to progress due to the inertia in climate systems (12,17-19).

Relatively recent weather events worldwide demonstrate that countries that are under-prepared for
climate-related events can be severely impacted (20-22). The need to adapt to these changing
climate conditions is widely acknowledged within the international literature, and the recent
publication of the National Adaptation Framework in Ireland sets out the requirements for all
governmental sectors to assess key risks and vulnerabilities of climate change in their respective
sectors, to identify and implement adaptation measures and to embed climate adaptation
approaches into all local, regional and national policies going forward (12). Against this backdrop,
the question of how climate change will impact on health and the health sector in Ireland comes to
the fore. A review of the national and international literature to examine the impact of climate
change on health and the delivery of healthcare services, with a particular focus on Ireland, was
therefore undertaken to inform the adaptation planning process for the Irish healthcare sector.

Methodology

The peer-reviewed and grey literature was examined to identify the current evidence base
pertaining to climate change and its potential impact on health and the delivery of healthcare
services in Ireland and further afield. The objectives of this review were:

e To examine the relationship between climate and health;

e To explore the observed and projected climate changes within the Irish setting and the
impacts they have had/may have on the population living in Ireland;

e To identify the experiences, policies and practices in other jurisdictions in relation to climate
change adaptation to support the development of potential adaptation options for the Irish
health sector.

A comprehensive search of the international literature was undertaken using Medline, Embase,
CINAHL and the Cochrane Library electronic databases. A search of the grey literature was also
performed using the Google and Google Scholar websites. The search strategies were constructed
using free text searches and also MeSH terms and were designed to identify papers related to the
impact of climate change on population health and the delivery of healthcare services. The search
terms included:

Search #1: climate change OR global warming OR climate variability OR greenhouse effect* OR GHG*

Search #2: (MM "Health+") OR (MM "Environmental Health+") OR (MM "Health Planning+") OR (MM
"Health Policy+")

Search #3: disease*
Search #4: mortality or morbidity
Search #5: S3 OR S4

Search #6: S1 AND S2 AND S5
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Search #7: S1 AND S2 AND S5 <Published Date: 19900101-20181231; English Language; Human;
English Language; Human>

The inclusion criteria were as follows:

e High income country
e Primary focus was on the impact of climate change on health and wellbeing
e Papers published between the years 1990 — 2018.

The exclusion criteria were as follows:

e Low/middle income country

e Studies with a primary focus on the impact of climate change on the occupational health of
workers

e Articles for which access to full article could not be obtained and where the abstract
contained insufficient information

e Studies published in a language other than English.

Results

The above search, or variants thereof, yielded a total of 418 articles, of which the titles and abstracts
were scanned for suitability. In total, 340 were found to be unsuitable, while 78 were deemed
suitable based on inclusion of literature pertaining to the impact of climate change on health and/or
healthcare service provision.

Ancestor referencing was used to identify further articles. A search of the grey literature was also
performed to access policy and guideline documents. Free text searches were performed on the

", u

Google websites using combinations of the keywords: “climate change”; “global warm*”; “health*”;
“health service*”; “adapt*”; and associated synonyms. An additional 94 suitable publications were
identified in the grey literature search and ancestor referencing and, in total, 172 papers were

included in this review.

Effect of climate change on human health

The most basic needs for human health are air, water, food and shelter (134). These needs are
directly influenced by the quality of the environment into which people are born and in which they
live, work and age (129). The link between climate and disease has long been recognised, although
our understanding of the relationship between climate and health has deepened as more research
has emerged to inform the fields of environmental health, global climate modelling and how the
social, cultural and political landscapes influence our environment and our health (28). While
humans are directly exposed to climate change through alterations in the frequency and severity of
weather patterns, the role of climate on health extends beyond this as it influences most systems
that are essential for supporting life (28). Consideration of the extent and breadth of this influence,
against the backdrop of the unpredictable nature of extreme weather events, highlights the
potential vulnerability of society to the risks of climate change (28).

Climate change has been heralded as “the biggest global health threat of the 21°* century” with the
World Health Organization (WHO) estimating that there will be an additional 250,000 deaths per
year from 2030 to 2050, likely secondary to malnourishment, diarrhoea, malaria and heat exposure
(23,24). The Health Protection Agency has predicted a 70% increase in premature deaths secondary
to heatwaves in the coming decade (2020 and beyond) (25). Although all populations will be affected
by climate change, vulnerable populations such as the elderly, children, and those with chronic
illnesses will be disproportionately affected (26,27). The extent of an individual’s vulnerability to
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climate change will depend on their socio-demographic characteristics, the social infrastructure,
access to resources such as health services and their level of exposure to climate change (93).

A description of the predicted climate changes for Ireland, and their potential impacts on health,
follow hereunder. However, it is worth noting from the outset that there is a level of uncertainty
associated with both climate change projections and the relationship between climate change and
health and further research is most certainly required in these areas (12,27). Despite this, there is a
general consensus on the future direction of climate change and its potential to cause adverse
effects on population health, and such uncertainty should now be used to drive adaptation
measures to build resilience to climate change across the health sector (12,27).

Temperature changes

Mean temperatures in Ireland have increased by an average of 0.07°C per decade since 1900 (4).
Ireland has seen an increase in the number of warm days while the number of cold days has
concomitantly decreased (30). National projections for 2050 and beyond indicate that an increase in
mean annual temperatures (1-1.6°C) is projected and that all seasons could potentially become
warmer (13,31). Furthermore, an increase in the frequency of heatwaves has been projected (8).

Heatwaves

While warmer weather may reduce the risk of cold-related morbidity and may potentially improve
wellbeing and physical activity levels, recent weather events across Europe and further afield have
demonstrated the capacity that extreme heat can have on population health (15,32-34). The health
effects of extreme heat include rashes, cramps, dehydration, syncope, heat exhaustion and heat
stroke whilst also aggravating pre-existing health conditions including cardiovascular, respiratory,
cerebrovascular and neurological disorders (35-37). Moreover, there appears a higher level of
healthcare service utilisation during periods of extreme heat (38,39). Heat waves are responsible for
excess deaths every year: 70,000 premature deaths were attributed to a heatwave across Europe in
2003 while extreme heat was associated with 7,400 deaths in the United States (US) from 1999 to
2010 (33). The “Projection of Economic Impacts of Climate Change in Sectors of the European Union
based on Bottom-Up Analysis Project II” (PESETA Il) has projected 100,000 additional deaths per year
across EU countries with a global mean temperature increase of 3.5°C for the time period 2071 -
2100 relative to 1961 — 1990 (40). It is likely that the burden of mortality will be disproportionately
carried by more vulnerable groups within the population such as the elderly, children and those with
chronic diseases (37,40,41).

In Ireland, the evidence examining the relationship between temperature and mortality is
inconsistent. A European-wide study undertaken in 2008 studied meteorological and mortality data
and concluded that there was no excess mortality from excess heat in Dublin (42). Conversely, an
examination of the age-standardised daily mortality rates over the course of 17 years in Dublin
found a 0.4% increase in mortality associated with an increase in temperature of 1°C (43). These
effects were restricted to the population aged over 65 years (43). A more recent study found that
294 excess deaths were attributed to heatwaves that occurred between 1983 and 2006 in Ireland
with the majority of these deaths occurring during the 1980s (44). Based on the 2016 Irish Census
data and under the M2F2 scenario, the population of Ireland aged over 65 years is expected to
increase significantly from 629,800 persons in 2016 to nearly 1.6 million by the year 2051 (45).
Similarly, the numbers living with a chronic disease are expected to rise in the coming decades as the
population ages (46,47). It is therefore possible that extreme heat secondary to climate change
could place an additional burden on healthcare services in Ireland and there is a clear need for the
implementation of adaptation measures going forward.
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Matthies et al. highlight the importance of the development and implementation of health action
plans that guide on issues such as (48):

e Weather alerts that are timely and accurate

e Approaches to reduce exposure to heat at both the individual and community level, with a
particular focus on vulnerable populations

e Strategies for the provision of health care, social services and infrastructure during heat
waves. These strategies should include measures such as: the provision of thermometers
within health care buildings and the identification and installation of efficient cooling
mechanisms; the provision of special care to patients identified as vulnerable to heat
extremes in terms of revision of medications and home supports; the appropriate rostering
of staff during heatwaves; and staff training to support the identification of heat-related
illnesses and their appropriate management

e Heat-related health information strategies to raise awareness amongst the public and
healthcare professionals

e Health surveillance during heat wave events and the evaluation and monitoring of the
impact of interventions in real-time.

The absence of such a plan in Ireland is a significant unmet need. Public Health England describes a
heatwave alert service (“Heat-Health Watch”) which comprises four main levels of planning to
reduce the health impact of extreme heat events and touches on well-described evidence-based
adaptation measures focussing on early-warning systems, increasing hospital preparedness and
increasing public awareness of health protective measures (37-41,135,136). “Level 0” describes a
long-term cross-sectoral planning approach to ensure appropriate adaptation measures are in place
(37). This includes the need to adapt urban planning and architecture and energy and transport
policies (48,52). A focus on reducing the heat island effect through increasing green infrastructure,
reviewing transport policies to encourage active transport and increasing passive cooling through
the use of green space and water are all recommended approaches (37,135). Increasing the
resilience of the health sector to heatwaves includes reviewing buildings where healthcare is
provided and identifying design measures to aid passive cooling and targeting particularly vulnerable
areas where air conditioning may be required (135). Actions to support active transport and the
protection of green spaces (e.g. at the expense of car parking) should also be prioritised (37). “Level
1” describes the maintenance of awareness and preparedness for extreme heat events during the
summer months through education and training for healthcare professionals in identifying
vulnerable individuals and undertaking preventive action and in recognising and treating heat-
related illness (37). Information resources have been made available that can be readily accessed
and adapted by health and social care professionals in the context of a heatwave (136). Level 1
actions also include mobilising the community and voluntary sectors to identify and support
vulnerable individuals and to raise awareness of the heatwave guidance in other institutional
establishments such as schools or prisons (37). “Level 2” actions are triggered once the Met Office
issues a forecast of a 60% chance of having temperatures high enough to impact on health on at
least two consecutive days (37). Actions include risk communication with healthcare professionals
and with the public, with a particular focus on communication reaching the most vulnerable groups
(37). Business continuity plans are also implemented at this level (37). “Level 3” involves targeted
actions for high-risk groups and is triggered once threshold temperatures have been reached in one
or more regions (37). Actions include issuing media alerts about how to stay cool and mobilising
community and voluntary support (37). A “Level 4” alert constitutes a national emergency and
occurs when a heatwave is so severe or prolonged as to have impacts reaching beyond the health
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and social care sectors (37). Central Government will declare this level of alert if a multi-agency
response is deemed necessary and the Level 3 actions are continued into this phase (37).

Consideration also needs to be given to the development of a suite of heat-related indicators as part
of a real-time syndromic surveillance system in Ireland (172). Such a system would support early
warning of the occurrence of health impacts during heat waves, facilitate a speedy and appropriate
public health response and facilitate health service planning for similar subsequent weather events
(137,138). Examples of health-related indicators used in the UK that could be considered in the Irish
setting include number of ED presentations or out of hours GP consultations for
heatstroke/sunstroke (138).

Increased exposure to ultraviolet radiation

Climate change may result in the Irish population having increased exposure to ultraviolet radiation
(UVR) due to higher levels of ambient UVR as well as due to changes in human behaviour (e.g. more
time spent outdoors in the warmer weather, variation in the measures taken to protect oneself from
UVR) (53,54).

Increased exposure to UVR has been demonstrated to cause DNA damage and immunosuppression
in the short-term and can have longer-term consequences such as increased risks of cataracts and
various forms of skin cancers (55).

Intermittent or recreational UVR exposure is the main risk factor for basal cell carcinomas and
malignant melanomas, while the main risk factor for squamous cell carcinomas is chronic sun
exposure (139). Caucasian populations are the most vulnerable to skin cancers, particularly those of
Celtic descent (54,140).

An increasing trend in malignant melanoma has been observed over the past few decades and is
responsible for the vast majority of deaths due to skin cancer (53). A study published by the United
Nations Environment Programme undertaken in 1998 projected an additional 90 per million cases of
skin cancer per year by 2050 in north-west Europe (141).

Just under 1,000 melanoma skin cancers and over 9,000 non-melanoma skin cancers were diagnosed
per year in Ireland between 2011 and 2015 (139). The National Cancer Registry of Ireland has
released cancer projections to 2040 for Ireland (56). The model projects an increase in melanoma
skin cancers in women by a factor of 93% to 175% between 2010 and 2040 and an increase in male
cases by 134% to 327% (56). Similar increases in non-melanoma skin cancers were projected for the
same time period (56). These projections are based on past trends and do not take into account
additional risks such as climate change. A survey undertaken in Ireland among 200 participants
demonstrated a high level of awareness regarding the link between sun exposure and skin cancer
but despite this, less than 20% reported using sunscreen regularly (57). This suggests that much
work needs to be done to promote the use of sunscreen and other personal protective measures
(57). However, there were significant limitations with this study which must be considered when
examining these findings: participants were recruited through a dermatology outpatients clinic in
one hospital in Ireland which raises questions about the external validity of the results as well as the
potential introduction of selection bias and response bias. A survey of young adults across Ireland
was undertaken between 2007 and 2008 which found that 20% never use sunscreen and that just
over half use sunscreen on a sunny day (58). No data on the rigour of application or re-application
habits were collected. Up to date data on Irish peoples’ knowledge, attitudes and practices regarding
sun protection measures would be important to inform population-based adaptation measures in
this area going forward.
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Adaptation measures that have been implemented in other countries include a programme of
education for the public to raise awareness of the dangers of UVR and protective measures that can
be taken to limit exposure (142,143). The positive impact that campaigns such as the Slip! Slop! Slap!
campaign and the SunSmart programme have had on changing social attitudes towards tanning and
UV exposure have been demonstrated over the past number of decades (144,145). Multicomponent
campaigns delivered over a prolonged period appear most effective (146). The National Institute of
Clinical Excellence (NICE) suggest adopting a consistent, multiagency approach when communicating
the risks of UVR exposure to the public with a particular focus on tailoring messages to high-risk
individuals and those caring for individuals from high-risk groups (147). Additional measures such as
increasing the provision of shade, particularly in areas where high-risk populations may be exposed
(e.g. schools, playgrounds) should also be considered (142,143,148,149). NICE also suggest using
epidemiological data to identify which groups, behaviours or activities are high-risk for over-
exposure to UVR and to inform on the barriers to behaviour change (147).

Air quality

Climate change is expected to aggravate existing health risks secondary to poor air quality due to
weather-driven increases in air pollutants such as ozone and particulate matter (PM) (59). Exposure
to PM is associated with increased all-cause and cardiovascular mortality and morbidity, respiratory
disease in childhood and adverse birth outcomes (59). Exposure to ozone is also associated with
cardiovascular and respiratory morbidity and mortality (59).

Aeroallergens such as pollens from trees or dust-mites have the potential to trigger an allergic
response when inhaled by a vulnerable individual. An increase in aeroallergen levels can be linked to
aggravation of respiratory diseases such as asthma and may lead to an increase in healthcare service
utilisation (60). Climate change may increase aeroallergen levels through higher temperatures, a
prolongation of the pollen season and through an increase in indoor growth of mould and fungus
secondary to increased precipitation and flooding (27). Older adults, individuals with chronic disease
and children are particularly vulnerable to the health impacts of poor air quality (150). Moreover, UK
evidence highlights that deprived communities are more likely to be situated near busy roads and
are more likely to experience adverse health impacts secondary to air pollution (154).

Within the EU, it is estimated that long-term exposure to the concentrations of PM, s (particles with
a diameter < 2.5 microns) and ozone recorded in 2014 were responsible for 399,000 and 13,600
premature deaths, respectively (61). In Ireland, it is estimated that 1,050 premature deaths occurred
in 2014 secondary to PM;sand 20 premature deaths secondary to ozone (61).

An earlier onset in the pollen season (by about 15 days over the last three decades) has been noted
in the northern hemisphere which has been attributed to climate change (41). It is likely that this has
impacted on the patterns of allergenic disease caused by pollen with earlier onset of symptoms in
vulnerable individuals possible (48). In Ireland, evidence of an earlier budburst for birch has been
observed over the course of 46 years from 1954 to 2000 and this raises issues regarding the birch
allergy season (62). Nolan et al. project an increase in the average length of the growing season in
Ireland by over 35 days by 2050 which could have implications for pollen season in Ireland (12).

There are approximately 450,000 people with doctor-diagnosed asthma in Ireland and there are
indicators that the prevalence is rising (63). The age-sex standardised rate of hospitalisation was 45
per 100,000 population in 2017 against a backdrop of a consistent increase in the rate over the
preceding three years from 41 per 100,000 population in 2014 to 46 per 100,000 population in 2016
(63,152). Based on the OECD age-sex standardised rates for 2015, Ireland ranks below the OECD
average of 46.7 hospitalisations per 100,000 population with 43.7 hospitalisations per 100,000
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secondary to asthma (63). In 2011, the Health Service Executive (HSE) reported that approximately
20,000 Emergency Department attendances and 50,000 out of hours GP consultations were due to
asthma (64). COPD is another prevalent respiratory disease in Ireland with an estimated 500,000
people aged over 40 years in Ireland living with COPD (63). The national age-sex standardised rate
for COPD hospitalisations fell during the period 2008 to 2017 with a rate of 370 per 100,000 of the
population in 2017 compared to a rate of 404 hospitalisations per 100,000 in 2008 (63). Based on
OCED age-sex standardisation, the rate of hospitalisation for COPD in Ireland in 2015 was 367 per
100,000 of the population — significantly higher than the OECD average of 190 per 100,000 of the
population (63). Cardiovascular disease continues to account for a large proportion of morbidity and
mortality in Ireland and by the year 2020 it is projected that the number of Irish adults living with a
diagnosis of coronary heart disease will exceed 103,000 (63,151). While it must be acknowledged
that these chronic diseases are multifactorial in origin, it is apparent that they already represent a
significant burden on the acute health services in Ireland. It is possible that climate change may
contribute further to this burden and it is therefore important that adaptation measures be
considered in an effort to reduce further strain on the healthcare services.

Reducing the incidence of exacerbations of respiratory diseases secondary to climate change means
reducing exposure to air pollution, anticipating events that may be hazardous to human health and
increasing health service preparedness (41). Existing international legislation on air quality requires
ongoing enforcement — while improvements have been made in emission levels across Europe,
exceedances are still occurring (61,65,67). Ireland’s air quality remains good relative to other
European countries but challenges to maintaining this standard include increasing levels of PM and
nitrogen dioxide, particularly in urban areas due to the burning of solid fuels and the high level of
dependence on cars (66). At the national level, a National Clean Air Strategy is being developed to
provide a framework for cross-sectoral collaboration to identify and implement measures to
improve air quality (67).

At the local level, Local Authorities can contribute to adaptation measures through considering the
health impacts of their decisions regarding areas within their remit such as traffic and parking
management, street design and road networks, public transport policies and supporting electric car
usage through the installation and maintenance of electrical vehicle charging points (154). Raising
awareness within the population, with a particular focus on identifying and reaching vulnerable
populations, of the measures they can take to reduce their exposure to pollen and air pollution as
part of health promotion campaigns may support individuals to limit exacerbations of their illness
during extreme weather events (8,41). For example, in the UK a daily air quality index and air quality
forecast provide real-time monitoring data and air pollution forecasts which are often picked up and
communicated by the media (154). In some areas of the UK, people particularly vulnerable to the
health impacts of air pollution can sign up to text alerts which notify them when air pollution levels
are high (154).

The preparedness of health services may be improved through the use of early warning systems for
heat wave and pollen events (41,68,154). Monitoring of air quality is often undertaken to identify
exceedances in standards or guidelines, while the need to measure exposure to air pollution and the
potential consequent impacts of air quality on population health are often overlooked (153). In the
UK, DEFRA has published a briefing document for Directors of Public Health which supports them to
undertake an assessment of the impact of air pollution on health and facilitates the prioritisation of
actions to address air pollution in their local area (154).

Page 8 of 26



Climate change adaptation in the health sector — a literature review

Changes in vector-borne diseases

Climate change may affect the exposure, and therefore level of risk, to health from vector-borne
diseases in a number of ways: through changes in the geographic distribution of the transmission
cycles; changes in the numbers of pathogens and vectors; evolutionary changes of pathogens with
the potential for a subsequent increase in transmissibility to humans and increased capacity to cause
disease; and changes in level of exposure of individuals to vector-borne diseases secondary to
changes in human behaviour due to climate change (69).

A review examining the projected effects of climate change on vector-borne disease incidence in
Europe suggests a higher risk of West Nile Fever associated with milder winters, drier spring and
summer seasons and wetter autumn seasons (166). Warmer weather is also associated with an
increase in the length of the transmission season for Dengue Fever with an increase in humidity also
having the potential to impact on the geographic footprint of Dengue vectors (166). While the
potential for indigenous malaria transmission in Europe secondary to climate change was
recognised, Semenza et al. concluded that the developed socio-economic and healthcare sectors in
European countries would likely limit its re-emergence (166). With regard to ticks, projected
temperature rises in Europe may alter their seasonal activity whilst also increasing the geographic
areas of potential disease transmission (167). Furthermore, changes in vegetation to favour ticks’
habitats also have the potential to impact on their abundance (167). Indeed, changes in tick
distribution secondary to climatic changes have already been described in parts of Europe (169).

In response to climate change and the potential changes in patterns of vector-borne diseases, the
ECDC has put forward a number of recommendations to enhance preparedness which include the
implementation of exotic vector surveillance at potential ports of entry; the identification of target
diseases and the use of common case definitions for endemic infectious diseases; and the
identification of syndromes which would support the monitoring of emerging or re-emerging
infectious disease and should therefore be recorded (168). Furthermore, in anticipation of the
effects that climate change will have on the transmission patterns of communicable diseases,
including vector-borne diseases, the ECDC has published a handbook to guide EU Member States in
undertaking national vulnerability, impact and adaptation assessments in relation to communicable
diseases in response to projected climate change (170).

In Ireland, warmer winters have the potential to support increased numbers and increased levels of
activity of ticks, whilst also potentially extending their lifespan (171). While a combination of warmer
summers with reduced rainfall may have an adverse effect on tick survival, the availability of an
appropriate habitat will support continued tick activity and a projected increase in forest cover will
also support the survival of host animals (171).

A risk assessment of the potential emergence or re-emergence of indigenous vector-borne disease in
Ireland that was undertaken by the HPSC in 2016 recognised the impact of climate change on
potentially increasing vector density for malaria and the ongoing surveillance and treatment of
imported cases is identified as likely to be effective in reducing the risk of indigenous transmission
(165). In preparation for climate change, a formal mosquito surveillance project should be
established in Ireland to inform on the potential emergence of a suitable vector for chikungunya and
dengue transmission in Ireland and the necessary actions required if such events were to occur
(165). The ECDC suggests that the current health risks from vector-borne disease and how these
effects are likely to change into the future need to be considered (170). Adaptation actions include
vector control programs, education campaigns to raise awareness of the risks of vector-borne
diseases and protective actions that can be taken and the provision of education and training for
healthcare providers to provide health-promoting advice in this area and to equip them with the
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knowledge and skills to recognise and appropriately treat vector-borne diseases. These actions
should be built upon a strong foundation of a robust considered surveillance system and early
warning systems (170).

Precipitation

Ireland has experienced an increase in the average annual national rainfall of approximately 60mm
during the time period 1981-2010 when compared with the time period 1961-1990, with the largest
increases observed in the west of Ireland (12). Projected changes for Ireland include significant
reductions in average levels of spring, summer and annual rainfall, whilst a notable increase in the
frequency of heavy rainfall events for winter and autumn is also possible by mid-century (12).

Drought

Water scarcity presents significant threats to public health, business and industry and agriculture
(41,69,156). A reduction in precipitation can lead to altered waterborne disease patterns and water
contamination which may result in increased incidence rates of gastroenteritis (20, 41). Further
compounding the situation, hand hygiene may become compromised during water shortages
leading to increased rates of gastroenteric and respiratory diseases due to a real or perceived lack of
available water (70). The use of recycled water to irrigate crops during times of water shortages can
contaminate foods and also increase the risk of foodborne outbreaks of illness (70). Furthermore, a
lack of rainfall may impact negatively on crop yields leading to a loss of income for farmers, food
shortages and increased food costs (70). Such weather-related events have been shown to impact
negatively on mental health (70). Finally, drought-like conditions may lead to the contamination of
surface waters or other waters used for recreational purposes (41,70). Individuals who use such
waters are potentially at increased risk of contracting waterborne infections (41,70). Climate change
against a backdrop of expected population growth may also put greater pressure on water
availability and increase risk of drought (156). Children, the elderly population, individuals with
weakened immune systems, individuals whose livelihoods are sensitive to extreme weather
conditions and individuals with private wells may be particularly vulnerable to drought conditions
(70,156,158).

Droughts can have significant impacts on health and wellbeing, as demonstrated by the impacts
reported during a severe drought in the US in 2012 (157). Drought-related declarations were made
by over half of the counties to facilitate emergency payments for farmers, crop yields were down
and the cost of food rose (156,157). The European Drought Impact Report Inventory indicates that
the most commonly cited impact category during droughts has been the agriculture and livestock
category, followed by public water supply, energy and industry, wildfires, water quality, freshwater
ecosystems and human health and public safety (159). In Ireland, past droughts have caused notable
agricultural and water resource challenges (160).

In the context of the projected climate changes, drought preparedness and planning requires cross-
sectoral communication and collaboration (70). Vulnerability assessments to drought should be
undertaken to inform adaptation actions (70). The preparation of clear, consistent and timely
messages to the public to raise awareness of the issue and the health protective measures to be
taken should be communicated through a variety of media with special attention given to reaching
vulnerable populations (70). Education and training for key stakeholders involved in disaster
response and water-related issues (including those involved in water treatment and supply and
healthcare professionals) should be provided and should focus on the public health implications of
drought and ways to minimise the adverse outcomes (70). Drought and water conservation plans
aim to increase the efficiency of water use and the resilience of supplies and are recommended by
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the European Commission (161). Appropriate drought planning begins with understanding the
nature and extent of the impacts of past events. However, few studies have been carried out to date
in this area in Ireland (160).

Flooding

The IPCC project an increase in the frequency of heavy precipitation events across Europe in the
coming decades and it is considered very likely that the projected rise in sea levels will contribute to
increases in extreme high water levels in coastal regions going forward (5). While sea levels have not
been accurately measured in Ireland, UK data deemed to mirror the situation in the South of Ireland
have shown a sea level rise of 1.7cm every decade since 1916 and Irish sea levels are expected to
rise in all coastal areas by up to 0.8 metres by the year 2100 (12).

Flooding has affected 50 of the 53 countries in the WHO European Region over the past ten years
(93). Population groups most vulnerable to the health effects of floods include the elderly, children,
pregnant women, people with disabilities, tourists, members of ethnic minority groups and people
who are homeless (93). The potential health effects of flooding can be divided into direct health
effects (the immediate effects from flood waters such as drowning and injury) and indirect health
effects (the consequences of flooding including impacts arising from damage to infrastructure) (71).

It is estimated that two-thirds of flood deaths worldwide are due to drowning with over 1,000
people in Europe estimated to have lost their lives secondary to flooding in the past decade (72,73).
Observational studies indicate that the greatest contributors to flood-related deaths include
drowning, myocardial infarctions, hypothermia and trauma, including road traumas (41). There is a
lack of certainty regarding the long-term health effects of flooding (25,41). Flood-related injuries
may occur due to direct contact with flood waters or during the clean-up phase following a flood
(71,72). It is likely that such injuries are under-reported in the literature (25). The occurrence of
death and prevalence of injury secondary to flooding in Ireland is unknown.

An increase in vectorborne diseases such as leptospirosis in the aftermath of heavy flooding has
been observed in European countries in recent decades and this risk could potentially increase with
a warmer climate (72). An association between symptoms of gastroenteritis and flooded households
was observed in Lewes in the UK in 2001 (74). Disturbance of the sewage disposal and water
treatment infrastructure was identified as a contributory factor to this issue (74). Further papers
reporting on the occurrence of outbreaks of diarrhoeal illnesses following flooding in high income
countries present conflicting findings (72). However, the Health Protection Agency in the UK
concludes that outbreaks of infectious disease secondary to flooding are a rare occurrence (25). Of
note, the integrity of private wells may become compromised due to flood damage and this could
potentially lead to an increase in waterborne illness (77). In Ireland, it is estimated that
approximately 720,000 people obtain their drinking water from a private supply and that there are
in excess of 100,000 private boreholes, dug wells and springs in use (78,79). VTEC outbreaks have
been consistently associated with private wells in Ireland (80-82). The storms that occurred during
the winter of 2015/2016 resulted in a notable rise in the number of boil water notices issued due to
Cryptosporodium contamination secondary to inadequate water treatment infrastructure (129).
Research is underway to examine the links between flooding and the incidence of outbreaks of
waterborne infectious diseases in Ireland (83). Ongoing efforts to raise public awareness of the need
to site and maintain wells appropriately will be required going forward against the backdrop of an
increased risk of flooding in Ireland (129,130).

There is a risk to human health from chemical contamination of water due to displacement of
chemicals during a flood with overloaded sewers, storm water floods and landfill sites identified as
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potential sources of chemical contamination (25). While it is likely that such sources of
contamination would be diluted in flood water, Vardoulakis et al. suggest that improvements in
environmental sampling following a flood event should be considered (25).

Carbon monoxide poisoning secondary to the indoor use of generators or other equipment to pump
out waters or to dry the interior of houses in the aftermath of a flood is also recognised as a
significant public health hazard (75,76). The health effects of exposure to carbon monoxide include
mild symptoms such as fatigue, dizziness and headache to more severe symptoms such as
cardiorespiratory failure and death (109). The silent nature of carbon monoxide poisoning, along
with the nonspecific symptoms, often lead to under-diagnosis of the condition and poorer health
outcomes (109). The evidence base highlights the role of effective risk communication in raising
public awareness of the health risks of carbon monoxide before, during and after an extreme
weather event (109,128). Igbal et al. acknowledge the challenges in the systematic collection of data
in relation to carbon monoxide poisoning and highlight the need for improved surveillance in this
area in an effort to better understand the burden of carbon monoxide poisoning, to identify high-
risk populations and to develop targeted risk communication messages (109). The identification of
appropriate data sources, communication channels and data-sharing agreements as part of an
extreme weather event response plan is recommended (109).

A further consideration is the effect of flooding on mental health: the impact of the loss of personal
belongings, the potential loss of livelihood and displacement can impact negatively on both short-
and long-term mental health (25,84). The available evidence regarding predisposing risk factors for
mental distress following flooding is conflicting (85). Moreover, much of the available evidence is
cross-sectional in nature with little long-term follow-up of subjects and no discussion of the impact
of confounders on the findings (85). It appears that the social context in which flooding occurs may
play a role in the experience of mental distress and recovery (84,86). Recovery in the aftermath of
flooding depends on the extent of damage and the availability of individual and community
resources to deal with the consequences (84). The “recovery gap” is the period of time after the
emergency services have completed the acute phase of the response to flooding and when affected
individuals are faced with having to complete the recovery process themselves (25,85). Difficulties
with insurers, disruption to daily routines and loss of services can increase the risk of mental health
difficulties in populations affected by flooding (85). The importance of embedding the provision of
acute and long-term mental health care services into flooding response plans is highlighted within
the literature (87).

Flooding can cause damage to healthcare infrastructure and limit access to healthcare services (88).
Furthermore, loss of paper-based notes, a loss in electrical power and interrupted access to
electronic records and laboratory systems have occurred secondary to flooding (25,89). An increase
in Emergency Department (ED) presentations is also possible, as was seen during Hurricane Sandy
flooding in the US (89,90). In situations where infrastructure is disrupted, patients who are routinely
cared for in the community may require admission to hospital due to an inability to provide the
service in the community or due to a disruption in the provision of the service aggravating a pre-
existing medical condition (84). In Ireland, flooding at Letterkenny General Hospital in July 2014
caused significant disruption to the infrastructure and healthcare service provision to the region
(91). While there were no injuries, the media reported that the hospital lost 40% of its capacity,
elective surgeries and outpatient clinics were cancelled, and medical records were damaged (91).
The identification of healthcare facilities that are in flood risk zones, in addition to mitigation and
adaptation measures to avoid/reduce the impact of future weather-related disruptions is an
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important requirement that should be addressed in emergency preparedness plans, healthcare
facility risk registers and national and regional adaptation plans (16).

The WHO advocates a shift from a focus on the acute response to a disaster to a long-term risk
management approach (93). Flooding is projected to remain a significant risk in Ireland until at least
2050 and there are evidence-based approaches that can be taken to manage the threat posed to
public health and infrastructure including health impact assessments of structural measures taken to
prevent flooding, adapting building regulations for areas prone to flooding and improving Ireland’s
flood forecasting capabilities and early warning systems (78,93). Land use is an important adaptation
strategy in reducing flood risk (25). The Environment Agency in the UK has identified that between
10 to 14% of emergency service stations and 6 to 8% of hospitals, care homes and surgeries are at
risk of river and coastal flooding (16). Risk mapping of health and social care facilities in relation to
flood zones should be considered in Ireland to inform the allocation of resources for adaptation
planning (41). The Irish guidelines on ‘The planning system and flood risk management: guidelines
for Local Authorities” advise on the appropriate siting of buildings (95). Engineers Ireland, in their
recent review of Ireland’s infrastructure, recommend that measures such as the National Planning
Framework, Regional Spatial and Economic Strategies and Flood Plans be implemented in order to
achieve the objectives of the national guidelines (78). The Office of Public Works recognise the need
to revise the flood risk management plan to account for the impacts of climate change in order to
fulfil their statutory requirements in relation to national adaptation planning. Flood-proofing
infrastructure and raising public awareness, particularly in areas at risk are also important
considerations (84).

Due to the limitations of the available epidemiological studies examining the health impacts of
flooding, the WHO has advised a standard reporting system be developed to report on the health
effects attributable to each flood event in order to build evidence on the immediate-, medium- and
long-term effects of such events on health (84). Measuring the health effects serves two purposes:
to provide information on public health in the immediate aftermath of a flood to guide the provision
of health and social care interventions; and to provide epidemiological evidence on the health
impacts of flooding to inform future research directions and long-term mitigation and adaptation
measures (96). Public Health England has developed a set of indicators to monitor the health effects
of flooding (96). It is anticipated that having a pre-prepared set of indicators and an analysis plan will
serve to enhance the ability to identify and respond to outbreaks of infectious disease or events of
public health importance more swiftly (96). The use of a standardised set of indicators may also
facilitate the evaluation of public health interventions (96). A longitudinal study of flooding and
health has also been established in the UK to investigate the long-term health impacts of flooding on
the population (97). In light of recent flooding in Ireland secondary to Storms Eleanor, Ophelia and
Emma, consideration should be given to the development of a suite of indicators and appropriate
data sources to support the early identification of, and intervention in, events of public health
concern, to evaluate the effectiveness of interventions and to assess and address unmet need within
the Irish population.

Wind speed and storms

The increasing risk of extreme weather events such as windstorms are of particular concern in
Europe (111). The direct and indirect impacts of windstorms on morbidity and mortality have been
demonstrated in Europe and further afield (102, 112,113). In Ireland, data on injuries and deaths
attributable to windstorm events are not formally collated. However, information on mortality
during extreme events is often available in media reports. For example, Hurricane Ophelia was
implicated in the deaths of three people and caused significant disruption in road infrastructure and
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public services and resulted in power outages in over 300,000 homes across the country (114).
Disruptions in the provision of outpatient services, hospital procedures and discharges secondary to
the hurricane were also reported (115).

The review of hospital presentations at two UK hospital EDs during a windstorm concluded that
many of the injuries could have been prevented, particularly if elderly people had remained indoors
during the peak of the storm (103). There is a dearth of peer-reviewed literature examining the
health impacts of windstorms with much of the available information on how windstorms have
affected the health of the Irish population presented by the media. The impact of such extreme
weather events on human health could potentially be reduced by a better understanding of their
past and projected patterns, which would facilitate appropriate emergency planning, the
introduction of adaptation and mitigation measures and public education campaigns (102). An
examination of patient attendances to Irish hospitals during and after windstorms could help inform
on hospital and emergency service preparedness. Research to examine the direct and indirect
impacts of high winds on human health in Ireland, and indeed to examine the level of awareness of
healthcare professionals on the health impacts of windstorms, needs to be undertaken to identify
unmet service and educational needs.

Adaptation measures should address behaviours that need to be adopted prior to, during, and after
a windstorm (102,107). Early warning systems are essential in minimising the impact of severe
weather events on human health (116,117). There is also evidence to suggest that vulnerable groups
such as the elderly and those of lower socioeconomic status may be impacted disproportionately by
windstorms and require particular consideration in the formation of communication campaigns
(107). A standardised approach for sharing emergency information during an extreme weather event
should be in place, particularly when information from a variety of sources is required (107,117). In
Ireland, Met Eireann issues a weather warning to Local Authorities where wind gusts of 110
kilometres per hour or greater are expected with a structure in place for cascading this message to
all appropriate stakeholders (118,162,163). People need to be kept informed of what to do in
response to a windstorm including staying indoors, avoiding driving, inspecting personal properties
for vulnerabilities to extreme weather events and taking measures to address them (104,112).
Similarly, there is a lack of information about the vulnerabilities of state-owned critical infrastructure
to climate change (8). A review of the Irish building stock, such as has been done in the UK, could
inform on buildings at highest risk of damage (112). Such a review would inform on adaptation
options to increase the climate resilience of vulnerable buildings (117). A review of neighbourhoods
(e.g. caravan sites, older council housing stock) deemed at high risk of adverse effects from
windstorms should also be considered to identify vulnerabilities and appropriate adaptation
measures (107). Further risk communication during the recovery phase of a storm is also required to
highlight risks of carbon monoxide poisoning from generators, unstable buildings or fallen trees or
the increased risk of electrocution from damaged power lines (104).

Risks to health services
The projected increase in the frequency and severity of extreme weather events may place
additional demands on the health service in two ways (16):

e Achange in health service patterns
e Threats to the health service infrastructure.

It is possible that the health impacts of climate change will lead to an increase in demand for
services (16). Health risks associated with climate change, such as injuries and outbreaks of
infectious disease secondary to extreme weather events, are projected to increase in frequency and
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severity leading to potential sudden and overwhelming levels of demand on health services (41). The
ageing population is likely to further compound this risk (16,45). Aside from the potential change in
the levels and patterns of service utilisation, it is possible that the healthcare system will need to
adapt to changing health needs secondary to climate change such as changing infectious disease
epidemiology (16,84,99,107,121). The aforementioned points have significant implications for
workforce planning, capacity and education and training needs within the health sector.

As previously discussed, climate change projections present a significant threat to the critical
infrastructure in Ireland (16,84,102). Desmond et al. point to a lack of data on the vulnerability of
Ireland’s state-owned critical infrastructure and call for attention to be given to this area (8). Media
reports during the recent heatwave in Ireland suggest that healthcare facilities are not suitably
equipped to deal with extreme weather events and this may impact negatively on the health of
patients as such events become more frequent and severe (119,120). Data on the impact of extreme
weather events such as flooding or extreme temperatures on Irish healthcare facilities is not
collected in a systematic way. Further research on the impact of extreme weather events on the Irish
healthcare service infrastructure in order to learn from experience is required to identify
vulnerabilities and appropriate adaptation options going forward. Moreover, the use of climate-
related health surveillance indicators may support swift and focussed public health action to
minimise the adverse health effects of an event within the population, in addition to aiding health
service planning (137,138).

Further potential challenges presented by a disruption in critical infrastructure include difficulties in
transporting staff into work in the aftermath of an extreme weather event (e.g. flooding), disruption
of the operation of emergency services, supply disruption and challenges in the safe storage of
medications and other necessary supplies and the impact of an extreme event such as flooding on a
healthcare facility leading to the need to evacuate patients, diverting emergency response vehicles
and the need to rapidly recover vital hospital infrastructure following an event to restore continuity
of essential services for patients (16,121).

The HSE and other public sector bodies with health-related responsibilities already plan their
responses to extreme weather events such as flooding, under business continuity and emergency
planning which incorporates and establishes resilience and emergency preparedness (15).

At the national level, the Government Task Force on Emergency Planning supports a co-ordinated
approach across the whole of Government through the Office of Emergency Planning (122). In the
inter-agency field, the HSE co-operates with An Garda Siochana and the Local Authorities in:

e Annual local and regional risk assessments (including the risk of flooding) in accordance with
the major emergency management (MEM) guidance document on risk assessment (123);
and

e Planning for, and responding to, severe weather events in accordance with the MEM
guidance document on severe weather emergencies (124).

Within the HSE, a National Emergency Office has been established which takes an inter-agency
approach to ensuring that emergency plans are developed, updated and tested on a regular basis,
whilst also advising on contingency and business continuity planning, to enhance the preparedness
of the health services in the event of an emergency (125). A template for drafting a major
emergency hospital plan will continue to be rolled out nationally during 2018 with support from the
National Emergency Office (125). This office has also developed a guide on severe weather planning
specifically for the HSE (126). Moreover, all health services within the HSE are required to develop
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and maintain a risk register specific to their individual service which should include all formally
assessed risks, robustness of measures in place to protect against these risks and any additional
measures required to address these risks (127). There is potential to extend these arrangements to
take account of incidents likely to be driven by climate change (17). Based on past weather events,
risk assessment of the increased likelihood of flooding will form an important part of such an
approach. Projected climate changes need to be taken into account during the planning phase of
new healthcare facilities and in the review or redevelopment of existing health facilities to identify
appropriate adaptation measures that need to be implemented (17).Consideration also needs to be
given to the location of current and future healthcare facilities, so as to ensure that existing facilities
in locations subject to flooding are protected and future facilities will not be located where they may
be vulnerable to river or coastal flooding.

Conclusion

Climate is inextricably linked to human health and addressing the health impacts of climate change
represents a formidable challenge to the health sector in Ireland. Climate-related ilinesses are likely
to place an added burden on the healthcare system, against a backdrop of rising prevalence rates of
chronic diseases within an ageing population. Using climate-related projections, it is now important
to consider how the health of the Irish population, healthcare service utilisation patterns and the
provision of a consistent, safe and high-quality health service might be affected in the coming
decades, with a particular focus on identifying and addressing the needs of vulnerable populations
and regions. While it is difficult to accurately forecast the occurrence of extreme weather events in
the medium- to long-term, recent weather events indicate that flooding and storms represent
ongoing and likely threats to the health sector and such events should be prioritised in terms of
adaptation planning for the period 2019 — 2024 (1,17).

Many of the adverse health impacts of climate change can be addressed through the
implementation of mitigation and adaptation measures. It is clear that Ireland lacks reliable data
pertaining to the impact of extreme weather events on population health and critical infrastructure.
The systematic collection of such data, its analysis, interpretation and the dissemination of findings
is necessary to learn from past experience and to use this knowledge to inform the planning of
appropriate climate change adaptation actions. The threats posed by climate change to the health
sector are inherently linked to the threats posed in other sectors (e.g. transport, energy, agriculture)
(129). Cross-sectoral communication and collaboration are therefore essential when it comes to
adaptation planning (131-133). This includes actions to strengthen the mechanisms for early warning
and action across agencies whilst also ensuring that population health is firmly on the agenda in all
sectors through the use of evidence-based tools such as health impact assessment when developing
and implementing adaptation actions (131-133). Finally, long-term planning to prevent and prepare
for environmental crises is essential (41). This approach should focus on addressing the wider
determinants of health that contribute to vulnerability (41).

Health sector adaptation will require investment in personnel, infrastructure and inter-agency
partnerships, with such investment required in the face of uncertainty regarding the nature and
severity of climate change and its impact on health (128). However, it is clear that mitigation
measures alone will not be sufficient in protecting public health from the effects of climate change.
Building on existing policies, strategies, health services and emergency response systems, with
strategic allocation of resources and the introduction of adaptation measures in a prioritised,
evidence-based manner is recommended.

Page 16 of 26



Climate change adaptation in the health sector — a literature review

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Department of Communications, Climate Action and Environment. Sectoral planning
guidelines for climate change adaptation. Dublin, Ireland: DCCAE; 2018.

Climate Ireland. What is climate change? [Internet]. Cork, Ireland: Climate Ireland; 2016
[updated undated; cited 2018 July 30]. Available from:
https://www.climateireland.ie/#!/aboutAdaptation/climateChange/learnClimateChange
Environmental Protection Agency. What is climate change? [Internet]. Wexford, Ireland:
EPA; undated[updated 2018; cited 2018 July 30]. Available from:
http://www.epa.ie/climate/communicatingclimatescience/whatisclimatechange/

Dwyer N. The status of Ireland’s climate: EPA report no. 26. Wexford, Ireland: EPA; 2012.
Intergovernmental Panel on Climate Change. Climate change 2014: synthesis report.
Geneva, Switzerland: IPCC; 2014.

Coll J, Sweeney J. Current and future vulnerabilities to climate change in Ireland. CCRP report
no. 29. Wexford, Ireland: EPA; 2013.

Stern N. The economics of climate change: the Stern review. Cambridge: Cambridge
University Press; 2001.

Desmond M, O’Brien P, McGovern F. A summary of the state of knowledge on climate
change impacts for Ireland. Report no. 223. Wexford, Ireland: EPA; 2017.

HM Government. UK climate change risk assessment 2017. London: HM Government; 2017.
Department of the Environment, Community and Local Government. Building resilience to
climate change. Dublin: DECLG; 2013.

Fussel HM. Adaptation planning for climate change: concepts, assessment approaches, and
key lessons. Sustain Sci. 2007 2:265-275.

Department of Communications, Climate Action and Environment. National adaptation
framework: planning for a climate resilient Ireland. Dublin: DCCAE; 2018.

Nolan P. Ensemble of regional climate model projections for Ireland. EPA report no. 159.
Wexford, Ireland: EPA; 2015.

Murphy C, Harrigan S, Hall J, Wilby RL. HydroDetect: the identification and assessment of
climate change indicators for an Irish reference network of river flow stations. CCRP 2007-
2013 report series no. 27. Wexford, Ireland: EPA; 2013.

Department of Health. Climate change adaptation in the health sector — a scoping
document. Dublin, Ireland: DoH; 2017.

Healthcare System Adaptation Report Working Group. Adaptation report for the healthcare
system 2015. London: NHS; 2015.

United Nations Framework Convention on Climate Change. The Paris agreement [Internet].
Bonn, Germany: UNFCCC; 2015[updated 2015 December 12; cited 2018 August 1]. Available
from: https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
European Commission. 2030 climate and energy framework [Internet]. Brussels, Belgium:
European Commission; 2014[updated 2014 January 20; cited 2018 August 2]. Available from:
https://ec.europa.eu/clima/policies/strategies/2030 en#tab-0-0

Health Service Executive. Sustainability strategy for health. Dublin: National Hrslth
Sustainability Office; 2017.

Haines A, Kovats RS, Campbell-Lendrum D, Corvalan C. Climate change and human health:
impacts, vulnerability and public health. Public Health. 2006;120(7):585-596.

Confalonieri U, Menne B, Akhtar R, Ebi KL, Hauengue M, Kovats RS et al. Human health. In:
Curto S, McMichael A, editors. Climate Change 2007: Impacts, Adaptation and Vulnerability.
Contribution of Working Group Il to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge, England: Cambridge University Press; 2007.

Page 17 of 26


https://www.climateireland.ie/#!/aboutAdaptation/climateChange/learnClimateChange
http://www.epa.ie/climate/communicatingclimatescience/whatisclimatechange/
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://ec.europa.eu/clima/policies/strategies/2030_en#tab-0-0

Climate change adaptation in the health sector — a literature review

22

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

. Robine JM, Cheung SL, Le Roy S, Van Oyen H, Griffiths C, Michel JP et al. Death toll exceeded
70,000 in Europe during the summer of 2003. C R Biol. 2008;331(2):171-178.

Costello A, Abbas M, Allen A, Ball S, Bell S, Bellamy R, et al. Managing the health effects of
climate change: Lancet and University College London Institute for Global Health
Commission. Lancet. 2009;373:1693-733.

Neira M. Climate Change: An Opportunity for Public Health [Internet]. Geneva: World Health
Organization; 2014 [updated 2014 September 14; cited 2018 August 8]. Available from:
http://www.who.int/mediacentre/commentaries/climate-change/en/

Vardoulakis S, Heaviside C, editors. Health effects of climate change in the UK 2012: current
evidence, recommendations and research gaps. London: Health Protection Agency; 2012.
Senior T. Climate change and the SEP drive. Br J Gen Pract. 2015;65(631):92.

Crowley RA, Health and Public Policy Committee of the American College of Physicians.
Climate change and health: a position paper of the American College of Physicians. Ann
Intern Med. 2016;164(9):608-610.

Bell M, Greenberg MR. Climate change and human health: links between history, policy and
science. Am J Public Health. 2018; 108(Suppl 2): S54-S55.

Séguin J, Clarke KL. Introduction. In: Séguin J, Health Canada, editors. Human health in a
changing climate: a Canadian assessment of vulnerabilities and adaptive capacity. Ottawa,
Canada: Health Canada; 2008.

Nolan P, Goodman P, O’Sullivan J, Sweeney C, Gleeson E, McGrath R. Climate change:
impacts on Irish temperatures. In: Gleeson E, McGrath R, Treanor M, editors. Ireland’s
climate: the road ahead. Dublin, Ireland: Met Eireann; 2013.

Gleeson E, McGrath R, Treanor M. Ireland’s climate: the road ahead. Dublin, Ireland: Met
Eireann; 2013.

Raidi6 Teilifis Eireann. Greek fire death toll rises to 91 [Internet]. Dublin, Ireland: RTE; 2018
[Updated 2018 August 6; cited 2018 August 8]. Available from:
https://www.rte.ie/news/world/2018/0806/983413-greece-fire/

Rey G, Jougla E, Fouillet A, Pavillon G, Bessemoulin P, Frayssinet P, et al. The impact of major
heat waves on all-cause and cause specific mortality in France from 1971 to 2003. Int Arch
Occup Environ Health. 2007;80:615-26

Dear K, Wang Z. Climate and health: mortality attributable to heat and cold. Lancet.
2015;386:320-2.

Kenny GP, Yardley J, Brown C, Sigal RJ, Jay O. Heat stress in older individuals and patients
with common chronic diseases. CMAJ. 2010;182(10):1053-1060.

Lowe D, Ebi KL, Forsberg B. Heatwave early warning systems and adaptation advice to
reduce human health consequences of heatwaves. IntJ Environ Res Public Health.
2011;8(12):4623-4648.

Public Health England. Heatwave plan for England: supporting vulnerable people before and
during a heatwave — advice for health and social care professionals. London, England: PHE;
2014.

Scalley BD, Spicer T, Jian L, Xiao J, Nairn J, Robertson A et al. Responding to heatwave
intensity: Excess Heat Factor is a superior predictor of health service utilisation and a trigger
for heatwave plans. Aust N Z J Public Health. 2015;39(6):582-587.

Smith S, Elliott AJ, Hajat S, Bone A, Smith GE, Kovats S. Estimating the burden of heat illness
in England during the 2013 summer heatwave using syndromic surveillance. J Epidemiol
Community Health. 2016;70(5):459-465.

Page 18 of 26


http://www.who.int/mediacentre/commentaries/climate-change/en/
https://www.rte.ie/news/world/2018/0806/983413-greece-fire/

Climate change adaptation in the health sector — a literature review

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

Ciscar JC, Feyen L, Soria A, Lavalle C, Raes F, Perry M et al. Climate Impacts in Europe. The
JRC PESETA Il Project. JRC Scientific and Policy Reports, EUR 26586EN. Brussels, Belgium:
European Commission; 2014.

World Health Organization Regional Office for Europe. Protecting health in Europe from
climate change. Copenhagen, Denmark: WHO; 2008.

Baccini M, Biggeri A, Accetta G, Kosatsky T, Katsouyanni K, Analitis A et al. Heat effects on
mortality in 15 European cities. Epidemiology. 2008; 19(5):711-719.

Goodman PG, Dockery DW, Clancy L. Cause-specific mortality and the extended effects of
particulate pollution and temperature exposure. Environ Health Perspect. 2004;112(2):179-
185.

Pascal M, Sweeney J, Cullen E, Schwartz J, Goodman P. Heatwaves and mortality in Ireland,
planning for the future. Irish Geography. 2013;46(3):203-211.

Central Statistics Office. Population and labour force projections [Internet]. Cork, Ireland:
CSO; 2018 (updated 2018 July 27; cited 2018 August 8]. Available from:
https://www.cso.ie/en/statistics/population/populationandlabourforceprojections/
Department of Health. Health in Ireland: key trends 2017. Dublin, Ireland: Department of
Health; 2017.

Reynolds R, Dennis S, Hasan |, Slewa J, Chen W, Tian D et al. A systematic review of chronic

disease management interventions in primary care. BMC Fam Pract. 2018; 19:11.

Matthies F, Bickler G, Marin NC, Hales S, editors. Heat-health action plans — a guidance
document. Copenhagen, Denmark: WHO Regional Office for Europe; 2008.

Patz JA, Campbell-Lendrum D, Holloway T, Foley JA. Impact of regional climate change on
human health. Nature. 2005; 438:310-317.

McMichael AJ, Wilkinson P, Kovats RS, Pattenden S, Hajat S, Armstrong B et al. International
study of temperature, heat and urban mortality: the “ISOTHURM” project. Int J Epidemiol
2008; 37:1121-1131.

Heaviside C, Vardoulakis S, Cai XM. Attribution of mortality to the urban heat island during
heatwaves in the West Midlands, UK. Environ Health. 2016;15(Suppl 1):27.

Arbuthnott K, Hajat S, Heaviside C, Vardoulakis S. Changes in population susceptibility to
heat and cold over time: assessing adaptation to climate change. Environ Health. 2016;
15(Suppl 1):33.

Bharath AK, Turner RJ. Impact of climate change on skin cancer. J R Soc Med.
2009;102(6):215-218.

Thomas P, Swaminathan A, Lucas RM. Climate change and health with an emphasis on
interactions with ultraviolet radiation: a review. Global Change Biology. 2012;18(8):2392-
2405.

de Gruijl FR, Longstreth J, Norval M, Cullen AP, Slaper H, Kripke ML et al. Health effects from
stratospheric ozone depletion and interactions with climate change. Photochem Photobiol
Sci. 2003;2(1):16-28.

National Cancer Registry Ireland. Cancer projections for Ireland 2015-2040. Cork, Ireland:
National Cancer Registry; 2014.

Jones B, Oh C, Corkery E, Hanley R, Egan CA. Attitudes and perceptions regarding skin cancer
and sun protection behaviour in an Irish population. J Eur Acad Dermatol Venereol.
2007;21(8):1097-1101.

Pertl M, Hevey D, Thomas K, Ni Chuinneagdin S, Maher L. Differential effects of self-efficacy
and perceived control on intention to perform skin cancer-related health behaviours. Health
Educ Res. 2010;25(5):769-779.

Page 19 of 26


https://www.cso.ie/en/statistics/population/populationandlabourforceprojections/

Climate change adaptation in the health sector — a literature review

59

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

World Health Organization Regional Office for Europe. Review of evidence on health aspects
of air pollution — REVIHAAP Project: technical report. Copenhagen, Denmark: WHO; 2013.
Guilbert A, Cox B, Bruffaerts N, Hoebeke L, Packeu E, Hendrickx M et al. Relationships
between aeroallergen levels and hospital admissions for asthma in the Brussels-Capital
Region: a daily time series analysis. Environ Health. 2018;17:5.

European Environment Agency. Air quality in Europe — 2017 report. Luxembourg:
Publications Office of the European Union; 2017.

Caffarra A, Zottele F, Gleeson E, Donnelly A. Spatial heterogeneity in the timing of birch
budburst in response to future climate warming in Ireland. Int J Biometeorol.
2013;58(4):509-519.

National Patient Safety Office. National healthcare quality reporting system: annual report
2018. Dublin, Ireland: Department of Health; 2018.

Health Service Executive. Asthma in Ireland [Internet]. Dublin, Ireland: HSE; 2011 [updated
undated; cited 2018 August 9]. Available from:
https://www.hse.ie/eng/about/who/cspd/ncps/asthma/asthma-ireland/

European Commission. Air quality — existing legislation [Internet]. Brussels, Belgium:
European Commission; 2017 [updated 2017 September 22; cited 2018 August 10]. Available
from: http://ec.europa.eu/environment/air/quality/existing leg.htm

Environmental Protection Agency. Air [Internet]. Wexford, Ireland: EPA; 2018 [updated
undated; cited 2018 August 10]. Available from:
http://www.epa.ie/irelandsenvironment/air/

Department of Communications, Climate Action and Environment. Cleaning our air: public
consultation to inform the development of a national clean air strategy. Dublin, Ireland:
DCCAE; 2017.

Li M, Gu S, Bi P, Yang J, Liu Q. Heat waves and morbidity: current knowledge and further
direction-a comprehensive literature review. Int J Environ Res Public Health. 2015; 12(5):
5256-5283.

Berry P, Clarke KL, Fleury MD, Parker S. Human health. In: Warren FJ, Lemmen DS, editors.
Canada in a changing climate: sector perspectives on impacts and adaptation. Ottawa,
Canada: Government of Canada; 2014.

Centers for Disease Control and Prevention, U.S. Environmental Protection Agency, National
Oceanic and Atmospheric Agency, American Water Works Association. When every drop
counts: protecting public health during drought conditions - a guide for public health
professionals. Atlanta, Georgia: U.S. Department of Health and Human Services; 2010.
World Health Organization: Regional Office for Europe. Flooding: managing health risks in
the WHO European Region. Copenhagen, Denmark: WHO Regional Office for Europe; 2017.
Jakubicka T, Vos F, Phalkey R, Marx M. Health impacts of floods in Europe: data gaps and
information needs from a spatial perspective. Brussels, Belgium: Centre for Research on the
Epidemiology of Disasters; 2010.

Jonkman SN, Kelman I. An analysis of the causes and circumstances of flood disaster deaths.
Disasters 2005:29(1):75-97.

Vasconcelos P. Flooding in Europe: a brief review of the health risks. Eurosurveill. 2006;
11(16):2947.

Waite T, Murray V, Baker D. Carbon monoxide poisoning and flooding: changes in risk
before, during and after flooding require appropriate public health interventions. PLoS Curr.
2014; 6.

Page 20 of 26


https://www.hse.ie/eng/about/who/cspd/ncps/asthma/asthma-ireland/
http://ec.europa.eu/environment/air/quality/existing_leg.htm
http://www.epa.ie/irelandsenvironment/air/

Climate change adaptation in the health sector — a literature review

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Saulnier DD, Ribacke KB, von Schreeb J. No calm after the storm: a systematic review of
human health following flood and storm disasters. Prehosp Disast Med. 2017; 32(5):568-
579.

Centers for Disease Control and Prevention. Water, sanitation and hygiene (WASH)-related
emergencies and outbreaks [Internet]. Atlanta, USA: CDC; 2016 [updated 2016 January 23;
cited 2018 August 13]. Available from:
https://www.cdc.gov/healthywater/emergency/drinking/private-drinking-wells.html
Engineers Ireland. The state of Ireland 2018: a review of infrastructure in Ireland. Dublin,
Ireland: Engineers Ireland; 2018.

Environmental Protection Agency. Have you checked your well water supply? Wexford,
Ireland: EPA; 2017.

Health Protection Surveillance Centre. HPSC annual epidemiological report 2016. Dublin,
Ireland: HPSC; 2017.

Health Protection Surveillance Centre. HPSC annual epidemiological report 2014. Dublin,
Ireland: HPSC; 2015.

Health Protection Surveillance Centre. HPSC annual epidemiological report 2008. Dublin,
Ireland: HPSC; 2009.

Hynds PD, O’Dwyer J, Andrade L, O’Neill E. Putting the “socio” in socio-hydro(geo)logy via
existing psychological models: health-related flood risk perception in the Republic of Ireland
[Internet]. Dublin, Ireland: UCD; 2018 [updated 2018 February 22; cited 2018 August 13].
Available from:

https://www.researchgate.net/publication/323336792 Putting the socio in_socio-
hydrogeology via existing psychological models Health-

related flood risk perception in the Republic of Ireland

Menne B, Murray V, editors. Floods in the WHO European Region: health effects and their
prevention. Copenhagen, Denmark: WHO Regional Office for Europe; 2013.

Fernandez A, Black J, Jones M, Wilson L, Salvador-Carulla L, Astell-Burt T et al. Flooding and
mental health: a systematic mapping review. PLoS One. 2015; 10(4): e0119929.

Wind TR, Komproe IH. The mechanisms that associate community social capital with post-
disaster mental health: A multilevel model. Soc Sci Med. 2012;75(9):1715-20.

Stanke C, Murray V, Aml6t R, Nurse J, Williams R. The effects of flooding on mental health:
outcomes and recommendations from a review of the literature. PLoS Curr. 2012 May 30; 4:
e4f9flfa9c3cae.

Meusel, D. and Kirch, W. (2005) Lessons to be learned from the 2002 floods in Dresden,
Germany. In: Kirch W, Menne B, Bertollini R, editors. Extreme weather events and public
health responses. Berlin, Germany: Springer; 2005.

Paterson DL, Wright H, Harris PNA. Health risks of flood disasters. Clin Infect Dis [Internet].
2018 [cited 2018 August 14]:1-5. Available from: https://academic.oup.com/cid/advance-
article/doi/10.1093/cid/ciy227/4945455

Doran KM, McCormack RP, Johns EL, Carr BG, Smith SW, Goldfrank LR et al. Emergency
department visits for homelessness or inadequate housing in New York City before and after
Hurricane Sandy. J Urban Health. 2016; 93:331-44.

Treanor M. Crisis of Letterkenny flooding continues. INMO News [Internet]. 2014 July 26
[cited 2018 August 14]. Available from: https://www.inmo.ie/Article/PrintArticle/10973
Roccaforte JD, Cushman JG. Disaster preparedness, triage, and surge capacity for hospital
definitive care areas: optimizing outcomes when demands exceed resources. Anesthesiology
Clinics. 2007; 25:161-177.

Page 21 of 26


https://www.researchgate.net/publication/323336792_Putting_the_socio_in_socio-hydrogeology_via_existing_psychological_models_Health-related_flood_risk_perception_in_the_Republic_of_Ireland
https://www.researchgate.net/publication/323336792_Putting_the_socio_in_socio-hydrogeology_via_existing_psychological_models_Health-related_flood_risk_perception_in_the_Republic_of_Ireland
https://www.researchgate.net/publication/323336792_Putting_the_socio_in_socio-hydrogeology_via_existing_psychological_models_Health-related_flood_risk_perception_in_the_Republic_of_Ireland
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciy227/4945455
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciy227/4945455
https://www.inmo.ie/Article/PrintArticle/10973

Climate change adaptation in the health sector — a literature review

93. World Health Organization Regional Office for Europe. Protecting health in Europe from
Climate Change: 2017 update. Copenhagen, Denmark: WHO Regional Office for Europe;
2017.

94. Health Service Executive Estates Management Team. Sustainable healthcare building
guidelines: specification, design, construction and refurbishment of healthcare buildings.
Dublin, Ireland: HSE; 2015.

95. Office of Public Works, Department of the Environment, Heritage and Local Government.
The planning system and flood risk management: guidelines for Local Authorities. Dublin,
Ireland: Department of the Environment, Heritage and Local Government; 2009.

96. Public Health England. Using routine health data for surveillance of the health effects of
floods. London, England: PHE; 2014.

97. Waite TD, Chaintarli K, Beck CR, Bone A, AmI6t R, Kovats S et al. The English national cohort
study of flooding and health: cross-sectional analysis of mental health outcomes at year one.
BMC Public Health. 2017; 17: 129.

98. Brunkard J, Namulanda G, Ratard R. Hurricane Katrina deaths, Louisiana, 2005. Disaster
Medicine and Public Health Preparedness 2008;2(4):215 - 223.

99. Centers for Disease Prevention and Control. Epidemiological assessment of the impacts of
four hurricanes - Florida, 2004. MMWR Morbidity and Mortality Weekly Report.
2005;54(28):693-697.

100. Raidié Teilifis Eireann. Status red wind warning extended across the country. RTE
[Internet]. 2017 October 16 [cited 2018 August 20]; News. Available from:
https://www.rte.ie/news/2017/1015/912467-ophelia/

101. McKinney N. Direct and indirect mortality in Florida during the 2004 hurricane
season. Int J Biometeorol. 2011;55(4):533-546.

102. Goldman A, Eggen B, Golding B, Murray V. The health impacts of windstorms: a
systematic literature review. Public Health. 2014;128(1):3-28.

103. Illingworth RN, Illingworth KA. Multiple casualties caused by a gale. Arch Emerg
Med. 1984;1(1):57-60.

104. Schultz JM, Russell J, Espinel Z. Epidemiology of tropical cyclones: the dynamics of
disaster, disease and development. Epidemiol Rev. 2005;27:21-35.

105. Jani AA, Fierro M, Kiser S, Ayala-Simms V, Darby DH, Juenker S et al. Hurricane
Isabel-related mortality - Virginia, 2003. J Public Health Manag Pract. 2006;12(1):97-102.

106. Bayleyegn T, Wolkin A, Oberst K, Young S, Sanchez C, Phelps A et al. Rapid

assessment of the needs and health status in Santa Rosa and Escambia counties, Florida,
after Hurricane lvan, September 2004. Disaster Manag Response. 2006;4(1):12-18.

107. Baker C, Lee B. Guidance on windstorms for the public health workforce. In: Murray
V, O’Connell E, Keshishian C, editors. Chemical hazards and poisons report. London, England:
Health Protection Agency; 2008. p. 49-52.

108. Houck PM, Hampson NB. Epidemic carbon monoxide poisoning following a winter
storm. J Emerg Med. 1997;15(4):469-473.
109. Igbal S, Clower JH, Hernandez SA, Damon SA, Yip FY. A review of disaster-related

carbon monoxide poisoning: surveillance, epidemiology and opportunities for prevention.
Am J Public Health. 2012;102(10):1957-1963.

110. Ryan B, Franklin HC, Burke FM, Aitken P, Smith E, Watt K et al. Identifying and
describing the impact of cyclone, storm and flood related disasters on treatment
management, care and exacerbations of non-communicable diseases and the implications
for public health. PLoS Curr. 2015;1(7): currents.dis.62e9286d152de04799644dccad7d9288.

Page 22 of 26


https://www.rte.ie/news/2017/1015/912467-ophelia/

Climate change adaptation in the health sector — a literature review

111. World Health Organization Regional Office for Europe. Climate change, extreme
weather events and public health - meeting report. Copenhagen, Denmark: WHO Regional
Office for Europe; 2011.

112. Baxter PJ, Lee BE, Spence RJ. Windstorms and climate change. In: Department of
Health Editorial Group, editors. Health effects of climate change in the UK. London, England:
Department of Health; 2001. p. 134-152.

113. Kovats S, Allen M. Flooding, windstorms and climate change. In: Kovats S, editor.
Health effects of climate change in the UK: an update of the Department of Health report
2001/2002. London, England: Department of Health; 2008.

114. Logue P, Dunne S, D’arcy C, Gartland F. Hurricane Ophelia: three dead and 295,000
without power as storm enters final hours. Irish Times [Internet]. 2017 October 16 [cited
2018 August 22]: Environment. Available from:
https://www.irishtimes.com/news/environment/hurricane-ophelia-three-dead-and-295-
000-without-power-as-storm-enters-final-hours-1.3257434

115. Health Service Executive. Storm Ophelia: health service update [Internet]. Dublin,
Ireland: HSE; 2017[updated 2017 October 18; cited 2018 August 22]. Available from:
https://www.hse.ie/eng/services/news/newsfeatures/health-services-updates-red-weather-
alert/

116. Humphrey K, Thompson D, Johns D, Ayres J, Bates P, Baylis M et al. People and the
built environment. In: Kovats RS, Osborn D, editors. UK climate change risk assessment
evidence report. London, England: Adaptation Sub-Committee of the Committee on Climate
Change; 2016.

117. National Climate Change Adaptation Research Facility. Synthesis summary 3:
cyclones and windstorms. Queensland, Australia: Department of Environment and Energy of
the Australian Government; 2016.

118. Major Emergency Management Review Working Group. A framework for major
emergency management. Ireland: MEM Review Working Group; 2006.
119. Bray A. 'We're all suffering' - nurse who endured 42C temperatures in hospital room

slams conditions. Irish Independent [Internet]. 2018 June 24 [cited 2018 August 24]: News
Heatwave. Available from: https://www.independent.ie/irish-news/heatwave/were-all-
suffering-nurse-who-endured-42c-temperatures-in-hospital-room-slams-conditions-
37065504.html

120. Ni Aodha G. Many Irish maternity hospitals don't have air con. Here's how they've
been coping in the heatwave. Thejournal.ie [Internet]. 2018 July 7 [cited 2018 August 24]:
News. Available from: http://www.thejournal.ie/maternity-hospitals-heatwave-4114266-
Jul2018/

121. Hames D, Vardoulakis S. Health sector report. Climate change risk assessment for
the Health Sector. London, England: Department for Environment, Food and Rural Affairs;
2012.

122. Office of Emergency Planning. Emergency planning: government structures
[Internet]. Dublin, Ireland: Department of Defence; undated [undated; cited 2018 August
24]. Available from: https://www.emergencyplanning.ie/en/government-structures

123. Major Emergency Management Project Team. A framework for major emergency
management guidance document 1: a guide to risk assessment in major emergency
management. Dublin, Ireland: MEM Project Team; 2010.

124, Major Emergency Management Project Team. A framework for major emergency
management guidance document 14: a guide to severe weather emergencies. Dublin,
Ireland: MEM Project Team; 2010.

Page 23 of 26


https://www.irishtimes.com/news/environment/hurricane-ophelia-three-dead-and-295-000-without-power-as-storm-enters-final-hours-1.3257434
https://www.irishtimes.com/news/environment/hurricane-ophelia-three-dead-and-295-000-without-power-as-storm-enters-final-hours-1.3257434
https://www.hse.ie/eng/services/news/newsfeatures/health-services-updates-red-weather-alert/
https://www.hse.ie/eng/services/news/newsfeatures/health-services-updates-red-weather-alert/
https://www.independent.ie/irish-news/heatwave/were-all-suffering-nurse-who-endured-42c-temperatures-in-hospital-room-slams-conditions-37065504.html
https://www.independent.ie/irish-news/heatwave/were-all-suffering-nurse-who-endured-42c-temperatures-in-hospital-room-slams-conditions-37065504.html
https://www.independent.ie/irish-news/heatwave/were-all-suffering-nurse-who-endured-42c-temperatures-in-hospital-room-slams-conditions-37065504.html
http://www.thejournal.ie/maternity-hospitals-heatwave-4114266-Jul2018/
http://www.thejournal.ie/maternity-hospitals-heatwave-4114266-Jul2018/
https://www.emergencyplanning.ie/en/government-structures

Climate change adaptation in the health sector — a literature review

125. HSE National Emergency Planning Office. Emergency management operational plan
2018. Dublin, Ireland: HSE National Emergency Planning Office; 2018.

126. HSE National Emergency Planning Office. Severe weather planning guidance for HSE
services. Dublin, Ireland: HSE National Emergency Planning Office; 2017.

127. HSE Quality Assurance and Verification Division. HSE integrated risk management
policy: incorporating an overview of the risk management process. Dublin, Ireland: HSE;
2017.

128. Hampson NB, Stock AL. Storm-related carbon monoxide poisoning: lessons learned
from recent epidemics. UHM. 2006;33(4):257-263.

129. Wall B, Derham J, O’Mahony T. Ireland’s environment — an assessment 2016.
Wexford, Ireland: Environmental Protection Agency; 2016.

130. Environmental Protection Agency. Protecting your private well [Internet]. Wexford,

Ireland: EPA; 2017 [updated undated: cited 2018 August 28]. Available from:
http://www.epa.ie/water/dw/hhinfo/protprivwell/

131. HSE Public Health Medicine Environment and Health Group. Submission on the
transport sector — climate change adaptation plan and associated documents relating to the
health sector. Offaly, Ireland: HSE; 2017.

132. HSE Public Health Medicine Environment and Health Group. Submission on the
agriculture sector — climate change adaptation plan and associated documents relating to
the health sector. Offaly, Ireland: HSE; 2017.

133. HSE Public Health Medicine Environment and Health Group. Public consultation on
the draft climate change adaptation plan for the electricity and gas networks sector. Offaly,
Ireland: HSE; 2017.

134. O’Brien K, Wolf J. A values-based approach to vulnerability and adaptation to
climate change. Environmental Policy & Governance. 2010;1(2):232-242.

135. Public Health England. Heatwave plan for England. Making the case: the impact of
heat on health — now and in the future. London, England: PHE; 2015.

136. Public Health England. Heatwave plan for England [Internet]. London, England: PHE;
2014[updated 2018 August 8; cited 2018 September 4]. Available from:
https://www.gov.uk/government/publications/heatwave-plan-for-england

137. Elliot AJ, Bone A, Morbey R, Hughes HE, Harcourt S, Smith S et al. Using real-time
syndromic surveillance to assess the health impact of the 2013 heatwave in England. Environ
Res. 2014;135:31-6.

138. Public Health England. PHE syndromic surveillance summary: week 26 of 2018.
London, England: PHE; 2018.

139. National Cancer Registry Ireland. Cancer trends no. 34: skin cancer. Cork, Cork: NCRI;
2017.

140. World Health Organization. Climate change and human health — risks and responses.
Summary. Geneva, Switzerland: WHO; 2003.

141. United Nations Environment Program. Environmental effects of ozone depletion:
1998 assessment. Nairobi, Kenya: UNEP; 1998.

142. Spickett J, Brown H, Katscherian D, Department of Health. Health impacts of climate

change: adaptation strategies for Western Australia. Perth, Western Australia: Department
of Health; 2008.

143. Bolton A, Ministry for Health. Climate change and environmental health.
Christchurch, New Zealand: Institute of Environmental Science and Research Limited; 2018.

Page 24 of 26


http://www.epa.ie/water/dw/hhinfo/protprivwell/
https://www.gov.uk/government/publications/heatwave-plan-for-england

Climate change adaptation in the health sector — a literature review

144. Dobbinson SJ, Wakefield MA, Jamson KM, Herd NL, Spittal MJ, Lipscomb JE et al.
Weekend sun protection and sunburn in Australia: trends (1987-2002) and association with
SunSmart television advertising. Am J Prev Med. 2008;34(2): 94-101.

145. Makin JK, Warne CD, Dobbinson SJ, Wakefield MA, Hill DJ. Population and age-group
trends in weekend sun protection and sunburn over two decades of the SunSmart
programme in Melbourne, Australia. Br J Dermatol. 2013;168(1):154-161.

146. Hart KM, DeMarco RF. Primary prevention of skin cancer in children and
adolescents: a review of the literature. J Pediatr Oncol Nurs. 2008;25(2):67-78.

147. National Institute for Health and Clinical Excellence. Sunlight exposure: risks and
benefits. London, United Kingdom: NICE; 2016.

148. Kouzes E, Thompson C, Herington C, Helzer L. Sun smart schools Nevada: increasing
knowledge among school children about ultraviolet radiation. Prev Chronic Dis. 2017; 14:
E125.

149. National Institute for Health and Clinical Excellence. Physical activity and the
environment: evidence update 2014. London, United Kingdom: NICE; 2014.

150. Crimmins AJ, Balbus JL, Gamble CB, Beard JE, Bell D, Dodgen RJ et al. The impacts of

climate change on human health in the United States: a scientific assessment. Washington,
United States: U.S. Global Change Research Programme; 2016.

151. Institute of Public Health. Coronary Heart Disease Briefing. Dublin, Ireland: IPH;
2012.

152. National Patient Safety Office. National healthcare quality reporting system: annual
report 2017. Dublin, Ireland: Department of Health; 2017.

153. World Health Organization Regional Office for Europe. Monitoring ambient air

quality for health impact assessment. Copenhagen, Denmark: WHO Regional Office for
Europe; 1999.

154, Department for Environment, Food and Rural Affairs, Public Health England. Air
quality: a briefing for Directors of Public Health. London, England: DEFRA; 2017.
155. Department for Environment, Food and Rural Affairs. The national adaptation

programme and the third strategy for climate adaptation reporting: making the country
resilient to a changing climate. London, England: DEFRA; 2018.

156. Vins H, Bell J, Saha S, Hess JJ. The mental health outcomes of drought: a systematic
review and causal process diagram. Int J Environ Res Public Health. 2015;12(10):13251-
13275.

157. National Centers for Environmental Information. Billion dollar weather and climate
disasters: table of events [Internet]. North Carolina, U.S.:NCEI;2018[updated 2018 June 6;
cited 2018 September 6]. Available from:
https://www.ncdc.noaa.gov/billions/events/US/1980-2018

158. Murti M, Yard E, Kramer R, Haselow D, Mettler M, McElvany R et al. Impact of the
2012 extreme drought conditions on private well owners in the United States, a qualitative
analysis. BMC Public Health. 2016;16:430.

159. Stahl K, Blauhut V, Kohn I, Acacio V, Assimacopoulos D, Bifulco C et al. A European
drought impact report inventory (EDII): design and test for selected recent recent droughts
in Europe. Frieburg, Germany: European Commission; 2012.

160. Noone S, Broderick C, Duffy C, Matthews T, Wilby RL, Murphy C. A 250 year drought
catalogue for the island of Ireland. In: European Geoscience Union (EGU) General Assembly
2017; 2018 April 8-13; Vienna, Austria. Maynooth University, Ireland: ICARUS, Maynooth
University; 2018.

Page 25 of 26


https://www.ncdc.noaa.gov/billions/events/US/1980-2018

Climate change adaptation in the health sector — a literature review

161. European Commission. Adaptation of drought and water conservation plans
[Internet]. Brussels, Belgium: European Commission; 2015[updated undated; cited 2018
Sept 6]. Available from: https://climate-adapt.eea.europa.eu/metadata/adaptation-
options/adaptation-of-drought-and-water-conservation-plans

162. Major Emergency Management Project Team. A framework for major emergency
management guidance document 11: a guide to flood emergencies. Dublin, Ireland: MEM
Project Team; 2013.

163. Major Emergency Management Project Team. A framework for major emergency
management working draft: inter-agency public communication plan media liaison; 2012.

164. The Office of Public Works. Implementing the national flood risk policy: report on
measures in place and proposed to address Ireland’s flood risk. Meath, Ireland: OPW; 2018.

165. Health Service Executive, Health Protection Surveillance Centre. Ranking of
likelihood of re-emergence of selected vector-borne diseases in Ireland. Dublin, Ireland:
HPSC; 2016.

166. Semenza JC, Menne B. Climate change and infectious diseases in Europe. Lancet
Infect Dis. 2009;9(6):365-75.

167. Gray JS, Dautel H, Estrada-Peiia A, Kahl O, Lindgren E. Effects of climate change on
ticks and tick-borne diseases in Europe. Interdiscip Perspect Infect Dis. 2009:593232.

168. European Centre for Disease Control and Prevention. Second meeting of the ECDC
expert group on climate change. Stockholm, Sweden: ECDC; 2012.

169. Pettersson JHO, Golovljova I, Vene S, Jaenson TGT. Prevalence of tick-borne

encephalitis virus in Ixodes ricinus ticks in northern Europe with particular reference to
Southern Sweden. Parasit Vectors. 2014;7:102.

170. European Centre for Disease Control and Prevention. Climate change and
communicable diseases in the EU Member States: handbook for national vulnerability,
impact and adaptation assessments. Stockholm, Sweden: ECDC; 2010.

171. Cullen E. Lyme disease and climate change. IMJ. 2010;103(4):101-102.

172. Pascal m, Goodman P, Clancy L, Schwartz J. STRIVE Environmental Protection Agency
Programme report no. 102: extreme temperatures and mortality in Ireland. Wexford,
Ireland: EPA; 2013.

Page 26 of 26


https://climate-adapt.eea.europa.eu/metadata/adaptation-options/adaptation-of-drought-and-water-conservation-plans
https://climate-adapt.eea.europa.eu/metadata/adaptation-options/adaptation-of-drought-and-water-conservation-plans
https://climate-adapt.eea.europa.eu/metadata/adaptation-options/adaptation-of-drought-and-water-conservation-plans
https://climate-adapt.eea.europa.eu/metadata/adaptation-options/adaptation-of-drought-and-water-conservation-plans

	Climate change adaptation in the health sector -
	a literature review
	Introduction
	Methodology
	Results
	Effect of climate change on human health
	Temperature changes
	Heatwaves
	Increased exposure to ultraviolet radiation
	Air quality
	Changes in vector-borne diseases
	Changes in vector-borne diseases

	Precipitation
	Drought
	Flooding

	Wind speed and storms
	Risks to health services
	Conclusion

	References
	References


