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Abstract. Climate change adaptation can be defined as a form of risk management (i.e. assessing climate change-
related risks and responding appropriately so that the risks can be pre-emptively minimised and managed as they arise).
Adapting to climate change by hospital and community health services will entail responding to changing health needs
ofthe local population, and to the likely effects of climate change on health service resources, workforce and infrastructure.
In this paper we apply a model that health services can use to predict and respond to climate change risks and illustrate
this with reference to Sydney’s Local Health Districts (LHDs). We outline the climate change predictions for the
Sydney metropolitan area, discuss the resulting vulnerabilities for LHDs and consider the potential of LHDs to respond.
Three ‘core business’ categories are examined: (1) ambulance, emergency and acute health care; (2) routine health care;
and (3) population and preventative health services. We consider the key climate change risks and vulnerabilities of
the LHDs’ workforce, facilities and finances, and some important transboundary issues. Many Australian health services
have existing robust disaster plans and management networks. These could be expanded to incorporate local climate and
health adaptation plans.

What is known about the topic? There is an inextricable relationship between climate change and human health, with
important implications for the delivery of health services. Climate change will affect health service demand, and the
resources, workforce and infrastructure of health services.

What does this paper add? This paper outlines how local health services can use existing data sources and models
for assessing their climate change-related risks and vulnerabilities to predict, prepare for and respond to those risks. This is
illustrated with reference to Sydney’s LHDs.

What are the implications for practitioners? Adaptation to climate change by health services is an important
component of risk management. Local health services need to prepare for the effects of climate change by assessing
the risks and developing and implementing climate and health adaptation plans.
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Introduction

There is an inextricable relationship between climate change
and human health.' In many parts of the world, the changing
climate is already having major health and social effects due
to weather extremes, reduced food and water security and the
spread of infectious disease.”* As a result, leading international
agencies and Australian health organisations have prioritised
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action on climate change, including the growing need and
importance of adaptation by local health services.”™ In
Australia, the Climate and Health Alliance (CAHA) has led
the development of a framework for a national strategy on
climate, health and well-being that outlined seven areas
requiring government policy action, including emergency and
disaster preparedness and building a climate-resilient health
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sector.® The national framework has also been referenced in a
recent Senate Select Committee report on the implications of
climate change on Australia’s national security.’

Thus, climate change adaptation can be defined as a form of
risk management (i.e. assessing climate change-related risks
and responding appropriately so that they can be managed as
they arise).'”'" The UKCIP (formerly known as the UK Climate
Impacts Program) at the University of Oxford offers online
risk-based adaptation resources to assist organisations with local
climate change adaptation planning.'® Steps include assessment
of current and future climate vulnerabilities and development and
evaluation of agency-appropriate adaptation measures.'’ The US
Centres for Disease Control have developed a similar framework
for Building Resilience against Climate Effects (BRACE) by
public health agencies.'' Adapting to climate change by hospital
and community health services would entail identifying effects
on a population’s health and its use of health services, as well as
preparing for the effects of climate change on health service
resources, workforce and infrastructure. In this paper we illus-
trate how the existing models and available data can be used by
local health services to predict the local risks and prepare for the
effects. To do this, we outline the climate change predictions for
the Sydney metropolitan area, present the health service pro-
blems and vulnerabilities for the Local Health Districts (LHDs)
and consider the potential of LHDs to respond. As recommended
by existing frameworks,'™'" subsequent steps would entail
the New South Wales (NSW) health service and its LHDs
developing and implementing their own climate and health
adaptation plans, possibly within the existing disaster manage-
ment frameworks.

Sydney’s observed and projected climate change

Although average Sydney temperatures fluctuate from year
to year, overall over the past two decades the winter warm spells
have been generally lasting longer, occurring more often and
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becoming more intense.'” Sydney summers are also getting
hotter, with more frequent and intense extremes. For example,
during the summer of 2016-17, Sydney had a record total
numbers of days at 35°C or above, and January 2017 was the
warmest month on record. Since the late 1950s, Sydney has also
experienced progressively longer heatwaves (Fig. 1; see also
Box 1). In the summer of 2016-17, Sydney had the second
highest total number of ‘3-day heatwave’ days, and its highest
number of heatwave days in the extreme category. Even between
heatwaves, the summer of 201617 was notable for its almost
continuously above-average temperatures.'”

Sydney’s current climate is summarised in Box 2.

Future climate change projections for different Australian
regions have been prepared by the CSIRO and Bureau of
Meteorology.'®> The relevant projections for the East Coast
Cluster — South (including the Sydney region) are compiled in
Table 1.

In summary, Sydney’s average temperatures will continue to
increase in all seasons. There will be more very hot days, more
frequent and longer warm spells and progressively harsher fire
weather. The intensity of extreme rainfall will increase, and
there will be some longer-term decreases in winter rain. Mean
sea levels and the height of extreme sea levels will continue
to rise. However, natural variabilities may mask or enhance
longer-term anthropogenic changes over the next 20 years,
particularly for rainfall."?

A projected increase in the average number of days above
35°C and 40°C is summarised in Table 2 (2030 and 2090
compared with the average for 1981-2010)."° It is of note that
the projected increase in the frequency and severity of extreme
heat outlined in Table 2 appears conservative relative to the
observed more recent heatwaves reported in Fig. 1. Indeed,
other modelling from the NSW and Australian Capital Territory
(ACT) Regional Climate Modelling (NARCIiM) project, which
provides data specific to the Sydney metropolitan area, suggests
a greater increase in heat extremes.'* The current annual number

Box 1. Bureau of Meteorology heatwave definitions and categories
From http://media.bom.gov.au/social/blog/891/how-will-i-know-if-a-heatwave-is-coming/ [verified 17 April 2018]

The Bureau defines a heatwave as three or more days in a row when both daytime and night-time temperatures are unusually high in relation to the
local long-term climate and the recent past. These are categorised as follows:

¢ low-intensity heatwaves are the most common; most people are able to cope with this level of heat

¢ severe heatwaves are less frequent and are challenging for vulnerable people such as the elderly, particularly those with pre-existing medical conditions

 extreme heatwaves are the rarest kind. Extreme heatwaves affect the reliability of infrastructure, like power and transport, and are dangerous for anyone
who does not take precautions to keep cool, even those who are healthy. People who work or exercise outdoors are particularly at risk.

Box 2. Sydney’s current climate
Sydneys climate is humid subtropical and areas closer to the ocean have average temperatures ranging from approximately 15°C in winter to
approximately 25°C in summer. However, like the rest of Australia, Sydneys weather can vary significantly and is highly influenced by the El Nifio
Southern Oscillation (ENSO). The negative phase of El Nifio tends to bring below-average rainfall and warmer temperatures, whereas La Nifa is
associated with above-average rainfall and cooler temperatures. '’

Sydneys average annual rainfall is 1200 mm, but this varies highly throughout the year. February is usually the wettest and winter is significantly
drier. Sydney is also prone to severe storms, including approximately 20 thunderstorms per year. Storms often arise due to east coast lows (ECLs),
which can occur at any time. ECLs tend to bring heavy rain, strong gusty winds and high seas, and cause significant damage to buildings and power
lines, particularly from fallen trees, as well as localised flash flooding."®
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Fig. 1. Number of days in which Sydney has been in a 3-day heatwave during summer, within each heatwave
severity category. Used with permission from the Bureau of Meteorology.'?

of hot days (above 35°C) of less than 10 days per year near
the coast and 10-20 days per year in the western suburbs is
projected to increase by approximately 4 days by 2030 and by
approximately 11 days by 2070. This is summarised in Fig. 2.
Recent modelling by researchers at the Australian National
University also suggests that Sydney may experience summer
extremes as high as 50°C as early as 2040, even under scenarios
where global average temperature increases are contained
to 2°C."7

Vulnerabilities for Sydney LHDs arising from climate
change

The direct and indirect health effects of climate change have
been well described, both globally and for Australia'"®'%2°
(Appendix 1). The measurement and quantification of health
effects will enable us to monitor the effectiveness of adaptation
and mitigation strategies.>*?"*? In Australia, the single most
dangerous climate-related hazard is extreme heat, which has
been responsible for 4555 fatalities nationwide (since 1900),
more than from all other natural hazards combined.”> Heat
stress and heat exhaustion also affect morbidity (with children,
elderly people, pregnant women and people with pre-existing
conditions and disabilities most at risk) and severely affect
work capacity.>*?*

As demonstrated in Fig. 1, heatwaves are a significant
concern for metropolitan Sydney, and thus its LHDs. For plan-
ning climate change adaptation, it can be useful to consider
former climate- and/or weather extreme-related vulnerabilities,
which, combined with climate change projections, can inform
vulnerability predictions.'” Some of the important former
climate-related vulnerabilities for Sydney’s LHDs are
summarised in Box 3. These include increased heat-related
ambulance call outs and hospital admissions from exacerbations
of respiratory and cardiovascular conditions, mental diseases,
diabetes, dehydration and heat stress. Health services have also
been affected by other extreme weather events, particularly
when these have caused spikes in demand while at the same
time disrupting transport and power supplies.

Key vulnerabilities for the Sydney region identified by
government service providers in 2015 are also included in
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Fig. 2. Projected changes in the number of hot days (daily maximum
temperature >35°C) for the Sydney metropolitan region, annually and by
season, for 2030 (yellow) and 2070 (red). The length of the coloured bars
shows the spread of model values for the region in each period; horizontal
thin lines are values from individual models, whereas darker lines are the
average of all models. Currently Sydney experiences <10 days per year
with temperatures >35°C near coast and 10-20 days per year in western
suburbs. Used with permission from the Office of Environment and
Heritage."*

Fig. 3.°° We have added highlights to suggest which may be
particularly relevant for LHDs.

Climate change adaptation options for Sydney LHDs

InNSW, LHDs and Speciality Networks (e.g. Sydney Children’s
Hospitals) report regularly on service agreements with the
Ministry of Health and, via the Secretary of NSW Health, to
the NSW Government. Ideally, climate risk assessment and
adaptation by public health services would also be coordinated
by the state (and national) governments to support and reinforce
local implementation. Western Australia, for example, detailed
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Table 1.

Table compiled from data in Dowdy e al.'?
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Projected climate change for the Sydney region
Representative concentration pathways (RCPs) represent future scenarios for greenhouse gas (GHG) emissions,

with GHG concentrations and associated global warming modelled to Year 2100. For RCP4.5, global warming is projected as likely to be 1.1-2.6 °C by 2100.
For RCPS8.5, global warming is projected to be 2.6-4.8°C*’

Projections

Near future (2030)

Late century (2090)

Higher temperatures (see also Table 2)

Continued substantial warming” for mean, maximum and

minimum temperatures
Mean temperatures have already risen 0.8°C
Hotter and more frequent hot days, longer
hot spells

Less frost

Increased intensity of heavy rainfall events

Less rainfall in winter

Harsher fire-weather climate

Higher” sea levels and more frequent sea
level extremes

Sea levels are rising 1.6 mm per year and will continue
to rise during the next century

Warmer and more acidic oceans (acidification to
date: 0.1 pH fall in ocean surface water)

Sea surface temperature has risen across the globe
and warming will continue (very high confidence)

Temperatures
Mean warming increase 0.4—1.3°C, with
minor differences between RCPs (very
high confidence)

Substantial increase in the temperature
reached on hottest days, the frequency
of hot days and the duration of warm
spells (very high confidence)

Rainfall
Increased intensity of heavy rains (high
confidence), but magnitude of change
uncertain
Natural climate variability will remain
main driver of main rainfall changes
(high confidence)

Fire risk
Increasing risk of bushfires (high
confidence) but magnitude of change
uncertain due to uncertain rainfall
projections
Sea levels
Sea level rise of 0.08-0.18 m, with minor
differences between RCPs (high
confidence)

Ocean temperature and acidity
Decrease in pH of 0.08 units (very high
confidence)

Mean warming increase 1.3-2.5°C for RCP4.5
and 2.7-4.7°C for RCP8.5 (very high
confidence)

Substantial increase in the temperature reached on
hottest days, the frequency of hot days, and
duration of warm spells (very high confidence)

Substantial decrease in the frequency of frost-
risk days (high confidence)

Increased intensity of heavy rains (high
confidence), but magnitude of change
uncertain.

Decrease in winter rainfall under RCP4.5 and
RCP8.5 (medium confidence)

Increasing risk of bushfires (high confidence) but
magnitude of change uncertain due to uncertain
rainfall projections

Sea level rise 0.30-0.65 m for RCP4.5 and
0.44-0.88 for RCP8.5 likely (at least 66%
probability)

Decrease in pH of 0.1 units for RCP4.5 and 0.14
units for RCP8.5 (high confidence)

AAbove climate or levels of 1986-2005.

Table 2. Current average number of days (1981-2010) in Sydney
above 35°C and 40°C and below 2°C compared with projections for
2030 and 2090
Table compiled from data in Dowdy et al.'> Representative concentration
pathways (RCPs) represent future scenarios for greenhouse gas (GHG)
emissions, with GHG concentrations and associated global warming
modelled to Year 2100. For RCP4.5, global warming is projected as
likely to be 1.1-2.6 °C by 2100. For RCP8.5, global warming is projected
to be 2.6-4.8°C*

Threshold No. days

Current 2030 RCP4.5 2090 RCP4.5 2090 RCP8.5
>35°C 3.1 4.3 (4.0-5.0) 6.0 (4.9-8.2) 11 (8.2-15)
>40°C 0.3 0.5 (0.5-0.8) 0.9 (0.8-1.3) 2.0 (1.3-3.3)
<«2°C 0 0 0 0

in 2008 a whole-of-government adaptation strategy for the
health effects of extreme events and climate change.'” The
Queensland Government recently developed a human health

and well-being climate change adaptation plan, and work is
underway for a climate change adaptation plan for Victoria.”*
The NSW Government supports climate change risk assessment
and adaptation planning by local councils.>' However, although
NSW Health offers advice to the public on extreme heat,”” there
is no current government-endorsed health sector vulnerability
assessment process or adaptation advice for the LHDs. The
Australian Federal government only briefly describes the health
risks of climate change.*”

Some LHDs in NSW have environmental sustainability
plans®* aimed at improving efficiency in the use of resources
and reducing greenhouse gas emissions.”> However, as yet
no LHDs have developed plans for the assessment of and
adaptation to climate change effects. LHDs will need to consider
the exposure and risk of climate change to their own substantial
workforce and facilities, as well as their capacity to respond
to the changing needs of the populations they serve. Health
sector adaptation to climate change requires clear governance
arrangements, flexibility (of location, scale and type of
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Box 3. Examples of previous vulnerabilities with implications for Sydney Local Health Districts

Sydney’s growing exposure to heatwaves; approximately 10-20 heatwave days per year over the past 20 years, and 35 days in 2017 (see Fig. 1 and
Loosemore and Chand*®)

Between 1991 and 2009, very hot days in Sydney were already associated with significantly increased hospital admissions (e.g. due to respiratory
and cardiovascular conditions, mental diseases, diabetes, dehydration and heat-stress)37

The 2011 Sydney heatwaves were associated with a 14% increase in all-cause ambulance call outs (with 116 specific to heat) and a 13% increase
in all-cause mortality;*® the 2009 heatwave in Melbourne of three consecutive days >43°C can also indicate the scale of potential effects of
heatwaves in other cities (i.e. a 46% increase in demand for ambulance services, a 2.8-fold increase in cardiac arrests, a 12% increase in emergency
department (ED) presentations, with a 37% increase for those aged >75 years®

¢ Sydney storms with heavy rains cause dangerous flash flooding and major disruptions to transport and power supplies (e.g. recent effects on
Sydney’s inner-west suburbs*’); following Sydney hail storms, community health services have reported extended periods of exposure to leaking
roofs and damp by low-income families unable to afford rapid repairs

In September 2017, NSW Health issued warnings to asthma sufferers based on the severe epidemic of ‘thunderstorm asthma’ in Melbourne in 2017,
which saw 4000 ED presentations, 30 intensive care admissions and nine deaths, as well as on previous outbreaks (although of lesser scale) in
New South Wales (NSW) and Canberra®*!

¢ In August 2007, Sydney’s main water catchment (Warragamba Dam) was affected by a major algal bloom due to a combination of low water levels
and very heavy rainfall stirring up nutrients in the dam that was only one-third full following a period of severe drought*>
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local government areas; R&D, research and development.

services across administrative boundaries), strategic allocation
of resources (to adapt existing services, prioritise vulnerable
groups, ensure equitable access) and robustness (resilient infra-
structure, consistent services, sustainable workforce).”” It also
requires a systems approach.*

The United Nations identifies climate change as a core
consideration in disaster risk management.** One existing and
robust mechanism that could incorporate NSW LHDs’ climate
change adaptation planning is the NSW disaster management
network, which consists of a central Health Emergency
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Management Unit (HEMU) and LHD-based disaster management
units, headed by a senior manager appointed as the Health
Services Functional Area Coordinator (HSFAC). The NSW
Health Services Functional Area Supporting Plan details the
role of LHDs in disaster planning and response.*’ The plan
adopts an ‘all hazards, all incidents’ approach, and a framework
for planning and response that covers four core components:
prevention, preparedness, response and recovery. This network
and the work that it undertakes offer a robust mechanism that
should incorporate climate change adaptation preparedness.
The network has already begun such work (R. Hegner, pers.
comm.), and this now needs to be continued and enhanced
through the development and implementation of climate and
health adaptation plans.

For the purpose of discussion and to inform health service
planning, we have applied the climate change vulnerabilities
identified in the sections above to compile some of the factors
that may be considered by Sydney metropolitan LHDs in climate
change adaptation (Table 3). We have cross-referenced the
predicted effects of climate change in the Sydney metropolitan
area (first column) with considerations of the resulting vulner-
abilities (second column) and potential LHD adaptations (third
column), a model adapted from the UK Climate Impacts Pro-
gram.'® The considerations are examined across the three ‘core
business’ categories of: (1) ambulance, emergency and acute
health care; (2) routine health care; and (3) population and
preventative health services. In Table 3 we also consider the
key climate change risks and vulnerabilities of the LHDs’
workforce, facilities and finances, as well some of the important
transboundary issues.

Conclusions

Australian health services need to increase their preparedness
to respond to the unavoidable effects of climate change, includ-
ing spikes in local health service demands, as well as the direct
effects on a service’s capacity to respond. In this paper we
illustrate how local health services can use available data and
existing models of climate change impact assessment and
adaptation, as applied to the example of Sydney’s LHDs. The
steps in climate change adaptation planning include drawing
on available climate change projections and past exposures to
identify local health service risks and vulnerabilities and using
systems thinking to consider current preparedness and to forecast
whether and what health service adaptations will be required.
Health services are mandated to prepare for and respond to
health emergencies and disasters on an ongoing basis. The
adverse effects of climate change should be a key factor in such
planning and response. Ideally, health service adaptation should
also draw on existing planning for climate change adaptation
by other government departments, incorporate other existing
health service quality improvement structures and processes
and be integrated across local, state and national levels. We
believe that timely and effective climate change adaptation
planning and implementation are essential and urgent, and can
offer health services longer-term financial savings, as well as
a safer environment, better health care and better health.
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Appendix 1. Health effects of climate change

available online in original document.

THE CURRENT AND PROJECTED IMPACTS OF CLIMATE

CHANGE ON PUBLIC HEALTH IN AUSTRALIA INCLUDE:

EXTREME WEATHER EVENTS

Increased intensity, duration and frequency of extreme weather events such
as floods, storms and heatwaves, are placing increasing pressure on Realth
services and infrastructure and putting more Australians at risk of illness,
death and post-traumatic stressdis4e.3

INFECTIOUS DISEASES

A warmer climate and changing rainfall patterns will increase the range and prevalence
of food, water and vector-Dorne diseases such as dengue fever {which is expected

to reach northarn NSV by 21000, parasitic (2oonotic) diseases, and the prevalence

of llinesses resulting from exposure to pathogens. 2380

FOOD AND WATER SECURITY

Changes in prevailing weather patterns may threaten the security and guality of water
sources and the productivity of major agneultural regions in Australia, with implications
for ensuring food and water security for a growing population¥®.3m.a2

OCCUPATIONAL HEALTH IMPACTS

Hotter temnperatures place outdoor and manual labourers at increased risk of heat-
related linesses, wark accidents and death, while the increased incidence of extreme
weather events increases occupational risks for emergency services™ 4422

MENTAL ILLNESS AND STRESS

Ongeing environmental change and more frequent and severe weather events,
combined with the social and economic impacts of climate change, increase the
risk that Australians will experience mental illness and stress'edsaaf.as

AERDALLERGENS AND AIR POLLUTION

Increases in atmospheric temperatures may lengthen the pollen seasen and alter
chemical reactions of some air pollutants such as czane and particulate matter,
increasing expesure ta aeroallergens and aggravating conditions such as allergic
rhinitis, as well as heart and lung conditions including asthma, while increasing
the risk of mortalityt!43.50.51.52

VULNERABLE POPULATIONS

Vulnerable populations will suffer disproportionately the adwverse health impacts of
climate change in Australia, with people with pre-existing medical conditions, older
people, young, disabled, socioeconomically disadvantaged and Indigenous Australians
identified as being particularly vulnerable, Climate change places undue burden on
those least responsible and least able to respond®*#7.3.33.4848 53,53
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