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Climate Change and Health

The core concern is succinctly stated: climate change
endangers health in fundamental ways.
Dr Margaret Chan, Director-General, World Health
Organization on the occasion of World Health Day 2008.

The World Health Organization chose climate change as the
theme for last year’s World Health Day in an explicit attempt
to attract policy-makers to the compelling evidence about the
impacts of climate change on health. The reality of human-
induced climate change can no longer be doubted, but the
extent of its consequences for health can still be reduced.
Consideration of the health impacts of climate change can
enable political leaders to act with the required urgency.1

Figure 1 illustrates the many ways in which climate change
will affect health.2 There are likely to be some (modest) 
positive health consequences from climate change (for
example, reduced extreme cold weather events in some
locations); however, climate change will mostly have nega-
tive impacts on health. Climate change will affect health by
changing the frequency and distribution of existing health
problems. The health impacts of climate change will be
greater in low-income communities; those who have con-
tributed least to climate change will be affected the most.3

Climate change is currently high on the public policy
agenda in Australia and around the world. A vitally impor-
tant aspect of climate change policy is the opportunity of co-
benefits for health from both mitigation and adaptation
actions – examples include eating less meat; using renew-
able energy sources that reduce air pollution; and active
modes of transport.4 This positive story is expected to be
presented at the United Nations conference on climate
change in Copenhagen later in 2009.

Current actions
The New South Wales (NSW) Government recognises
climate change as a serious environmental, economic and
social threat. The challenges posed by climate change have
informed the NSW Greenhouse Plan, the current State Plan
and the forthcoming Climate Action Plan. Box 1 provides a
perspective on climate change and the NSW health system.

The Australian Government recently established the
National Climate Change Adaptation Research Facility
(NCCARF) at Queensland’s Griffith University to generate
information needed by decision-makers in government, and
in vulnerable sectors and communities, to manage the risk
of climate change impacts. A National Climate Change
Adaptation Research Plan for Human Health has been pub-
lished.5 This plan will inform the work of a research network
on this theme (Box 2).

The papers in this issue
Kjellstrom and Weaver present a succinct overview of
climate change and health in Australia. The paper encom-
passes current and future threats facing Australians, includ-
ing extreme weather events (storms, floods, heat waves),
impacts on worker productivity, water supplies, air quality,
vector- and foodborne disease, and impacts on mental health.

There are two papers identifying co-benefits for health from
climate change actions. Rissel discusses active travel as an
approach to climate change mitigation (reducing carbon
dioxide emissions from fossil fuel use in motorised transport)
that also has myriad human health benefits. This paper out-
lines strategies for health and urban planners to increase
cycling, and uses Australian examples to illustrate the 
co-benefits of active travel. Dixon and colleagues focus on
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Box 1.  Climate change and the NSW health system

Adam Craig
Environmental Health Branch, NSW Department of Health

NSW Health is the largest consumer of energy and water of all NSW government agencies and has a commitment to minimise
the environmental pollution resulting from the ongoing provision of public health services in NSW.  This commitment is
articulated in the NSW Government’s Sustainability Strategy to reduce greenhouse gas emissions through energy savings and
water use. 

Developing adaptive responses to the inevitable impacts of climate change on health is another important challenge. Some
adaptive strategies will entail revision or extension of existing public health and health planning policies and practices, while
others will require innovative actions. Many will require co-ordinated action across components of the health system and by
government, industry and community more broadly.

By 2050, NSW is likely to experience an increase in mean maximum and minimum temperatures of 1–3°C across the state with
most of the change occurring in autumn, winter and spring. NSW will generally be wetter in the warmer months but drier in
winter, particularly in the south-west, where a reduction in winter rain of between 20% and 50% has been projected. 1

Environmental changes of this proportion will have both acute and insidious health impacts. For example, more frequent heat
waves will result in increased hospital admission for heat-related illness. Changes to the social, economic and cultural fabric of
communities, particularly in rural areas, as a result of more frequent and longer lasting droughts will also affect the mental
health burden in those communities.2 The flow-on impacts on infrastructure management and health service provision are yet
to be accurately quantified; nevertheless, it does suggest that significant planning and adaptation will be required.

In NSW, the Department of Environment and Climate Change (DECC) is the lead agency for responding to climate change. NSW
Health has been working with DECC through the Greenhouse Innovation Fund to develop a range of adaptation initiatives.
These include:

• The development and testing of a public health heat response plan by Northern Sydney Central Coast Area Health Service in
2007. 

• The development, implementation and evaluation of a range of targeted heat health messages by Greater Southern Area
Health Service.

• North Coast Area Health Service is harnessing the opportunities offered by climate change mitigation and adaptation to
promote healthy lifestyle behaviours – increased physical activity, healthy diets and social connectedness. 

The focus of NSW Health’s climate change adaptation activity in 2009 will be heat-related illness adaptation, regional health
vulnerability assessment and regional adaptation planning.
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Figure 1.  Putative pathways between climate change and health impacts. Used with permission from AJ McMichael.
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Box 2.  National Climate Change Adaptation Research Network – human health

This network was recently established to improve Australian knowledge about climate change adaptation and human health
to enable decision-making by government, industry and communities.  The objectives of the network are to:

• foster interdisciplinary research and emerging research methods (time-series methods, spatial analysis, systems-based
modelling of complex ecological relationships and processes and scenario-based modelling of future health risks);

• build research and decision-making capacity by mentoring and support for early and mid-career researchers and
policymakers;

• facilitate collaboration between researchers, policymakers and practitioners, including involvement across the research cycle
(scoping, planning, analysis, reporting); and

• communicate research findings in ways relevant to different sectors and varying regional conditions to strengthen Australia’s
capacity to anticipate, adapt to and mitigate the human health consequences of climate change.

The Australian National University is the Network host.  Further information is available from: 
http://www.nccarf. edu.au/?q=node/24

Box 3.  Glossary*

Adaptation
Initiatives and measures to reduce the vulnerability of natural and human systems against actual or expected climate change
effects.  Various types of adaptation exist, for example, anticipatory and reactive, private and public and autonomous and
planned.  Examples include heat wave early warning systems and growing more vegetation in cities to reduce the urban 
heat island. 

Adaptive capacity
The capabilities, resources and institutions of a country, region or individual to implement effective adaptation measures.

Co-benefits
The benefits of policies implemented for various reasons at the same time, acknowledging that most policies designed to
address greenhouse gas mitigation have other, often at least equally important, rationales (e.g. related to objectives of
development, sustainability, equity and health).

Extreme weather event
A weather event that is rare at a particular place and time of year.  Definitions of rare vary, but an extreme weather event would
normally be as rare as or rarer than the 10th or 90th percentile of the observed probability density function.  By definition, the
characteristics of what is called extreme weather may vary from place to place in an absolute sense.  Single extreme events
cannot be simply and directly attributed to anthropogenic climate change, as there is always a finite chance the event in
question might have occurred naturally. 

Greenhouse gas (GHG)
Greenhouse gases are those gaseous constituents of the atmosphere, both natural and anthropogenic, that absorb and emit
radiation at specific wavelengths within the spectrum of thermal infrared radiation emitted by the Earth’s surface, the
atmosphere itself, and by clouds.  This property causes the greenhouse effect. Water vapour (H2O), carbon dioxide (CO2), 
nitrous oxide (N2O), methane (CH4) and ozone (O3) are the primary greenhouse gases in the Earth’s atmosphere. 

Mitigation
Technological change and substitution that reduce resource inputs and emissions per unit of output.  Although several social,
economic and technological policies would produce an emission reduction, with respect to climate change, mitigation means
implementing policies to reduce greenhouse gas emissions and enhance sinks.

Resilience
The ability of a social or ecological system to absorb disturbances while retaining the same basic structure and ways of
functioning, the capacity for self-organisation, and the capacity to adapt to stress and change.

Vulnerability
The degree to which a system is susceptible to, and unable to cope with, adverse effects of climate change, including climate
variability and extremes.  Vulnerability is a function of the character, magnitude and rate of climate change and variation to
which a system or individual is exposed as well as its sensitivity and its adaptive capacity.

*Source:  Climate Change 2007: Synthesis Report. Contribution of Working Groups I, II and III to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change [Core Writing Team, Pachauri, R.K. and Reisinger, A. (eds.)]. Geneva: IPCC; 2007.

co-benefits in the food system, examining the link between
industrial food production and food problems such as diets
poor in nutrients and loss of control over food choices.
Climate change threatens further food shortages. 
The authors explain why promoting urban agriculture is

sustainable and brings multiple health and environmental
benefits.

Prolonged droughts over recent years in Australia have
exacerbated bushfires and in 2003 NSW and Victoria
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experienced major bushfires and widespread smoke pollu-
tion. Kolbe and Gilchrist evaluate the effectiveness of
public health advisories about bushfire smoke pollution
provided to Albury residents in the summer of 2003.

In the concluding paper, Capon and colleagues argue for
systems approaches in governance to address climate
change. They argue for a focus on the underlying causes of
problems such as climate change and the obesity epidemic.
Effective governance will necessitate moving beyond ‘silo’
approaches to integrative policy and planning.

Climate change, an environmental health issue of unprece-
dented scale and complexity, necessitates new ways of
thinking, communicating and acting for public health.4 We
hope this special issue of the Bulletin will encourage
public health workers to take on these challenges.

Box 3 contains a glossary of terms used in this issue that
may be unfamiliar to Bulletin readers.
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Since 1950, average land temperatures in Australia have
risen by 0.9°C.1 A decline in rainfall has been observed for
much of eastern and south-western Australia, whereas
north-western Australia has experienced wetter summers.1

Globally, the trend of climatic variability is similar.2

The process will continue with a projected average global
temperature increase of 1.8 to 4.0°C (average 3°C) by
2100 depending on actions taken to limit greenhouse gas
(GHG) emissions and scenarios for future development.2

Rainfall is likely to become more variable and there will
be more extreme weather with storms, floods and
droughts.2 By 2030 the average temperature in Australia

Climate change and health: impacts,
vulnerability, adaptation and mitigation

Abstract: Global climate change is progressing
and health impacts have been observed in a
number of countries, including Australia. The
main health impacts will be due to direct heat
exposure, extreme weather, air pollution, reduced
local food production, food- and vectorborne infec-
tious diseases and mental stress. The issue is one of
major public health importance. Adaptation to
reduce the effects of climate change involves many
different sectors to minimise negative health out-
comes. Wide-scale mitigation is also required, in
order to reduce the effects of climate change. In
addition, future urban design must be modified to
mitigate and adapt to the effects of climate change.
Strategies for mitigation and adaptation can create
co-benefits for both individual and community
health, by reducing non-climate-related health
hazard exposures and by encouraging health pro-
moting behaviours and lifestyles.

Tord KjellstromA,B and Haylee J. WeaverA

ANational Centre for Epidemiology and Population Health,
Australian National University

BCorresponding author. Email: kjellstromt@yahoo.com

may increase by 1°C, and by 2070, it may have increased
by 1.8°C.1 Decreases in rainfall are predicted for southern
areas in winter, and for eastern areas in spring, while
Australian average rainfall may not change.1 It is essential
that the Australian community is adequately prepared for
any health consequences of climate change.3

Adaptation and mitigation
Australia has diverse environments including alpine, 
temperate, tropical and desert. There are numerous low
population density rural areas and highly populated cities.
The possible health impacts of climate change for people
living in each type of area need to be considered when
developing strategies to manage climate change.

The aim of mitigation is to reduce anthropogenic GHG
emissions and other causes of climate change, for instance,
by increasing electricity generated from renewable sources
(hydro-electric, solar and wind energy) and reducing motor
vehicle use. In addition, reduction of meat consumption is
considered a mitigation strategy, due to the energy-intensive
methods of modern farming and methane emissions from
cows and sheep.4 Mitigation strategies are often integrated
into planning and infrastructure by local councils and state
and federal governments; however, individuals can also
participate on a small scale by reducing unnecessary
energy consumption and using cars less frequently.

Adaptation means modifying current policy and practice
to cope with unavoidable changes in climate. Governments
need to implement community-wide adaptation plans,
while individuals can act in a number of ways; for
example, by staying in the shade while outside, or
installing ceiling fans to reduce the risk of direct heat
effects.5 Mitigation and adaptation strategies can have co-
benefits for health. For example, a reduction in car use
reduces GHGs as well as decreasing crash injuries, air 
pollution and traffic noise and increasing personal physi-
cal activity and fitness levels.6

Coping with health impacts of climate change 
in Australia
The expected changes in the climate may lead to several
types of increased mortality and morbidity, including 
temperature-related illness and death, extreme weather
effects, air pollution effects, water and food-related dis-
eases, vectorborne diseases, effects of food and water
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shortages and effects of population displacement.7,8

Although the most severe health impacts are expected 
in low income countries, Australia will not be spared 
(see for example, http://www.environment.nsw.gov.au/
climatechange/health.htm).7–9 The people most vulnerable
to the effects of climate change are children, elderly
people, Indigenous communities and people with pre-
existing diseases and disabilities.

Environmental disasters, storms and floods
Storms, droughts and other climatic disasters are likely to
increase in intensity and frequency (albeit with regional
variation).10 Regional, targeted preparation plans for the
health sector are therefore necessary. Tropical cyclones and
other storms will cause injuries and flooding due to storm
surges and severe downpours.11 Storms create the risk of
drowning and health risks from damaged water supplies,
sewage pipes, loss of electricity and contaminated food.
The harmful effects of storms were demonstrated in the
Hunter region of New South Wales (NSW) in 2007.12

Problems with water and sewerage supply and quality were
experienced because pumps failed. Food was spoiled as it
could not be cooked properly or kept cool in refrigerators,
due to problems with electricity supply.12 Floods can also
lead to increased infectious and vectorborne diseases.13

Adaptation to storms requires preventive steps, including
timely storm warnings and long-term seasonal modelling
of the future frequency of storms.

Extreme heat exposure
Heat waves can dramatically increase mortality as seen in
France in 2003.14 For Australia, models project more hot
days (temperatures greater than 35 to 40°C) by 2070,
while the frequency of cold spells will decrease.1 Heat
exposure causes morbidity and mortality, particularly in
urban areas due to the heat island effect.15,16 Research in
five major Australian cities showed that mortality
increased at temperatures above 28°C, particularly among
people 65 years or older.17–20 In NSW, hospital admissions
for heat-related illnesses increased during heat waves. 
In Adelaide, overall daily mortality has not increased
during heat waves, but ambulance emergencies and certain
types of hospital admissions (for instance, mental health
categories) have increased.21 Heat wave warning systems
and response plans are needed in addition to housing,
workplace and urban design that maximises natural
breezes and shade and minimises the heat island effect.20

A particular risk in hot weather in Australia is bush fires and
related health risks from smoke and burns.22 Adaptive strate-
gies for fires involve reducing fire risk by controlled burning
of fuel in fire-prone forests and fire warning systems.

Heat stress and workforce productivity
Heat can cause physiological stress, particularly in people
with high levels of physical activity.23 Children and elderly

people are also vulnerable to heat stress as their physiol-
ogy is less resilient than that of younger adults and they
may be less able to take cooling action in heat waves.24

Australian studies have primarily measured exposure and
physiological effects in workers with extreme heat expo-
sure, such as fire fighters, mine workers, sheep shearers,
and cattle musterers.25–31 Direct heat exposure reduces a
worker’s ability to continuously carry out heavy physical
work. International standards recommend adequate rest
breaks in hot environments.32–35 Heat exposure also limits
the ability of people to exercise for leisure and health.36

Water quality and quantity
Intense precipitation events can overload sewers and
storm-water drains and flush pathogens from catchment
areas into drinking water reservoirs and dams.37 Drought
can concentrate pollutants in dams, via evaporation, and
increased water temperature in dams and lakes can lead to
blooms of toxin-producing cyanobacteria.38 Modelling
can be used to predict pathogen loads in water supplies,
which may be a useful tool in managing drinking water
supplies in the future, when climate change influences
water quality and availabilty.39 Desalination plants, and
improved water recycling may contribute to water security.
Adaptive strategies for reducing water consumption are
already in place in most councils and shires in Australia in
order to conserve the water currently held in dams.

Air pollution
Epidemiological studies in Australian cities have docu-
mented increased daily mortality and hospital admissions
associated with urban air pollution.40,41 More ozone is
formed from the exhaust emissions of motor vehicles
during summer periods of increasing heat in combination
with strong sunlight.42 During the heat wave in France in
2003, the attributable fractions of daily mortality excess
due to heat and ozone exposure were similar.43 Many
excess deaths may have been caused by ozone and not by
heat itself. The effects of particulate matter air pollution in
Brisbane have been shown to increase alongside tempera-
ture.44 A reduction in car usage, to reduce emissions of
GHGs and other air pollutants such as particulate matter
and nitrogen dioxide, is a key mitigation strategy.40

Pollen and other aeroallergens, such as mould spores, may
be influenced by climate change, increasing asthma
risks.45 Pollen warnings and individual management of
asthma are two adaptive strategies that can reduce respira-
tory diseases affected by aeroallergens.

Vectorborne infectious diseases
The potential risk of increased vectorborne disease spread
in Australia due to climate change was first discussed a
decade ago.46,47 Distributions of most arboviruses may
alter due to climate change, but those that are highest in
prevalence in Australia are Ross River virus (RRV),
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Barmah Forest virus (BFV) and dengue virus.13 The dis-
tributions of both RRV and BFV are likely to be altered by
changes in rainfall, tidal inundation and land-use patterns,
which will enable populations of mosquito vectors to
establish in new areas.48 Under climate change scenarios,
it has been predicted that dengue virus may eventually be
found as far south as Sydney.49 Adaptive strategies for
arbovirus control include improved modelling, early
warning and control systems for mosquitoes, and ensuring
the use of flyscreens in mosquito-prone areas.

Foodborne diseases
Foodborne diseases, particularly gastroenteritis, are rela-
tively common in Australia.50 The symptoms of these dis-
eases are usually mild, but can be serious in vulnerable
people, occasionally causing death.51 The most common
pathogens in food are Campylobacter and Salmonella and
the notification rate is related to monthly temperature indi-
cating a potential effect of climate change.52 In addition,
Staphylococcus aureus is a common bacterium on skin
that can grow in food, producing a powerful toxin that
causes diarrhoea and vomiting. The growth and spread of
these pathogens increase if the storage temperature of
foods is not sufficiently cold, which is of vital importance
in the event of interruptions to electricity supply.51

Adaptation strategies include better monitoring of food-
borne diseases and increased awareness of health risks.

Community and mental health
Climate change may lead to adverse mental health out-
comes.53 Natural disasters, such as storms, cyclones and
prolonged drought have been shown to adversely affect
mental health over time.54–57 In the future, Australia is
likely to experience increases in droughts, which have
been shown to be associated with an increased rate of
suicide.57 Increases in individual mental health problems

will have a follow-on effect for communities. Therefore,
an important adaptive strategy is to increase community
resilience to enable individuals to cope better with the con-
ditions created by climate change.

A well-developed health care system in each community is
another important adaptive strategy. Whether the health
impacts are due to heat, violent weather, air pollution,
infectious diseases or mental stress, efficient diagnostic
and treatment services will make it possible to minimise
the health impacts on the community. Such a system needs
to ensure equitable access for all in the community, includ-
ing the most vulnerable groups. A hotter climate may
cause deterioration of medications and pharmaceutical
therapies during storage, particularly in remote places
with less developed health services.58

Health co-benefits of mitigation and adaptation
Table 1 summarises examples of health co-benefits that
can be expected from mitigation and adaptation strategies
as a response to climate change. There is a need for further
research into the potential effects of different intervention
strategies. For certain interventions, the value of health co-
benefits may be even greater than the prevented climate
change impacts.

Conclusion
The broad range of likely health impacts of climate change
in NSW and Australia means that a variety of methods and
strategies should be applied for mitigation and adaptation.
Mitigation and adaptation can have direct co-benefits for
the health of individuals and communities and should be
encouraged. Early warning systems have a range of appli-
cations that can be used to assist communities to prepare
for adverse conditions and the associated threats to health.
Improving response teams and health systems (such as

Table 1.  Examples of the main co-benefits of mitigation and adaptive strategies as a response to climate change

Mitigation strategy Adaptation strategy Health co-benefits

Decreased fossil fuel Cleaner, smog-free air and less respiratory
combustion and cardiorespiratory diseases

Improved public transport More people walking (or cycling) to and 
from stations, increases active transport,
promotes health and fitness and 
reduces obesity

Increased fruit and Less obesity, lower rates of cancer and 
vegetable consumption several other diseases
and reduced meat 
consumption

Early warning systems for Better health protection systems overall, 
weather extremes and disease less impact in normal emergencies
outbreaks

Improved food handling practices Reduced foodborne infections overall

Improved programs to adapt Strengthened social capital and beneficial 
rural economies to a effects on mental health
changing climate
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emergency services and health care practitioners) will
enable a rapid response to emergency situations. The most
important adaptive strategy that can be applied, however,
is that of increased community awareness of climate
change and the associated health risks. By understanding
how environmental changes can result in adverse health
impacts, we can plan to minimise exposure and health risks
and to cope with the unavoidable effects of climate
change.
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New South Wales (NSW) per capita greenhouse gas emis-
sions are in the order of 23 tonnes per person each year,
which is more than double that of the United Kingdom,
Germany and Japan (with emissions at just over 10 tonnes
per person) and almost double the average for industri-
alised nations (about 13 tonnes).1 Transport emissions
include those from road (cars, buses and trucks), rail, ship-
ping and aviation for both passengers and freight, and rep-
resent the second largest source of emissions (14%).2

Reducing the burning of fossil fuels for transport will help
reduce the rate of climate change and the severity of the
impact of climate change. A number of factors are now
simultaneously contributing to higher oil and petrol prices,
which are likely to have the effect of reducing the con-
sumption of fossil fuels for transport. If Australian govern-
ment policy introduces an emissions trading scheme that
includes transport, the price of (carbon-based) petrol will
increase.

Even greater increases in price will come from oil supply
crises (e.g. natural disasters such as Hurricane Katrina, or

Active travel: a climate change mitigation
strategy with co-benefits for health

Abstract: Reducing the burning of fossil fuels for
transport will help reduce the rate of climate change
and the severity of the impact of climate change.
The alternatives to private motor vehicles include
active travel modes such as walking, cycling and use
of public transport. While simultaneously reducing
carbon dioxide emissions and traffic congestion,
active transport leads to increased levels of physical
activity and social interaction. This article sum-
marises a number of NSW active travel initiatives.
Despite some positive steps in NSW, other
Australian states have invested far more and can
demonstrate greater changes in travel behaviour.
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threats to the oil supply from terrorists). Ultimately,
demand for oil will exceed supply (which is finite) as the
economies of China and India continue to grow. This situ-
ation is likely within our lifetime.3–5 Already Australians
are looking at the cost of driving motor vehicles and think-
ing about driving less, and the shift away from cars is
expected to become more pronounced as petrol prices
inevitably rise and concern about climate change
increases.

Transport is a social determinant of health
Although transport is not a traditional focus for health
services, it is recognised internationally as a social deter-
minant of health.6 As well as being a source of greenhouse
gas emissions and other air pollutants, the transport
system contributes to injury rates and congestion, and
affects access to services and social activities. As transport
costs increase, transport and transport availability will
increasingly be an issue of equity. Transport deserts –
areas without reasonable access to public transport – have
already been identified in parts of western Sydney, and
people living in such areas will be increasingly disadvan-
taged.7 People who cannot afford to drive will need other
transport options, such as public transport and bicycle
paths. It will be the responsibility of government to ensure
that this infrastructure is provided. As Enrique Peñalosa,
former mayor of Bogata, Colombia, said, ‘A safe cycle
path is a symbol of democracy; it shows that a person on a
$40 bicycle is as important as a person in a $40 000 car’
(personal communication, July 2008).

The alternatives to private motor vehicle-oriented trans-
port include active travel modes such as walking, cycling
and use of public transport, either for the whole or part of
journeys. While simultaneously reducing carbon dioxide
emissions and traffic congestion, active travel leads to
increased levels of physical activity, reduced exposure to
pollutants (air and noise) and increased social interaction.
While the concept of active travel is quite simple, people
will default to current practice (i.e. use of the private
motor vehicle) unless the alternative travel modes are
uncomplicated, safe, easy, affordable and convenient.
Active travel is more difficult in settings where there is no
or infrequent public transport, or where distances make the
time and distance barrier too great to make cycling or
walking feasible, as is the case in some outer urban and
rural settings.

10.1071/NB08043
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NSW initiatives
In NSW there are a number of initiatives that seek to
increase active travel. While these initiatives are usually
designed initially to increase physical activity levels, they
also have the added benefit of mitigation of climate
change. This outcome is in contrast to many other initia-
tives that represent adaptation and response to climate
change (e.g. responding to severe weather events).

In NSW, the Premier’s Council for Active Living involves
a number of relevant agencies in high level discussions
and collaboration.8 The role of the Council is to ‘provide
leadership and advice to the Premier to encourage more
people to be more active more often’ by working collabo-
ratively with senior representatives from government,
industry and community sector. Projects tend to be of
statewide significance, and include:
• work with a developer to incorporate active living

design considerations in new housing developments
• incorporation of active living physical environment

characteristics into Metrix, a proposed tool that the
Department of Planning is developing to evaluate
local councils’ local environmental plans

• input into the urban design code for new housing
release areas

• work with the NSW State Property Authority to
incorporate end-of-trip facilities (such as secure bicycle
parking, showers and change rooms) within refurbished
buildings when government agencies relocate

• co-ordination of a new whole-of-NSW government
Bicycle Plan

• co-ordination of a high level government agency
active transport roundtable.

Specific government agencies have also developed guide-
lines for planners and engineers responsible for building the
urban environment that can positively or negatively influ-
ence physical activity and active travel.9 The former NSW
Department of Infrastructure, Planning and Natural
Resources in conjunction with the Roads and Traffic
Authority (RTA) developed planning guidelines for walking
and cycling, and the RTA runs training programs for local
government engineers, who are in a position to apply these
guidelines to the building of specific local environments.10

The RTA also conducts free courses in how to prepare trans-
port access guides. Other agencies such as the National
Heart Foundation of Australia have also produced similar
documents that highlight the benefits of designing urban
environments to facilitate walking and cycling.11

Sydney South West Area Health Service initiatives
There are many examples of local programs that promote
active travel. The Sydney South West Area Health Service
(SSWAHS) has implemented a number of programs over the
last decade. One such program was a health service worksite
program involving social marketing and an individual travel

behaviour change program that led to modest changes in
driving to work and reduced car travel on weekends.12

Another strategy has been the development of transport
access guides for major trip generators such as hospitals.13

These guides illustrate how to travel to and from the hospi-
tals through active travel by showing where the locations of
cycle paths, recommended walking routes from rail stations
and bus stops (including an indication of the frequency of
buses). By not showing parking stations and making active
travel easier, this strategy is intended to influence the deci-
sion of how to travel to these specific destinations.

An innovative research program underway in SSWAHS is
promoting cycling in two local government areas (with a
third as a comparison area). The Cycling Connecting
Communities project will test whether promoting the use
of cycling infrastructure such as new cycle paths in the
Fairfield and Liverpool areas will increase overall levels of
physical activity in the community.14 It will focus on
adults, and particularly those people who do not currently
ride bicycles, with a wide range of strategies. This project
continues earlier cycling promotion work involving the
development of a cycling proficiency course to increase
the skills and confidence of people wanting to ride more,
and the development of a staff bicycle pool.15,16

Two other programs in SSWAHS have focused on active
travel to school. One is the Central Sydney Walk to School
Trial, involving 24 primary schools in the inner west 
of Sydney and the other is the NSW TravelSmart Schools
Program involving 15 primary schools in the inner west 
and eastern suburbs of Sydney.17,18 Both programs had 
a modest influence on travel behaviour, and highlighted 
that it is the parent journey to work that is a key factor 
that influences parents’ decisions on how they and their
children travel to and from school.19 Interestingly, most of
the walk-to-school programs internationally have had small
effects. In contrast, a well-funded program in California
sought to change the physical environment around schools
and the main routes to schools.20 This program is probably
the most successful of any in the world in increasing the
number of children actively travelling to school.

With cycling the lowest of the active travel modes, there is
considerable potential to increase the proportion of trips by
bicycle. Cycling is the fourth most popular form of recre-
ational sport or exercise in Australia, and the Australian
Bureau of Statistics census indicates that the journey to work
by bicycle has consistently increased over the last decade,
with a 22% increase across Australia from 2001 to 2006.21,22

Almost half (42%) of all households in Sydney in 2005 had
a bicycle and new bicycles have consistently outsold new
cars for each of the last eight years in Australia.23,24

Investment in cycling produces outcomes
Despite some positive steps towards a greater emphasis 
on active transport in NSW, other Australian states have
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invested far more and can demonstrate greater changes in
travel behaviour. For example, investment in cycling infra-
structure over the last decade in Melbourne (up to $13
million per annum) has led to increases in cycling from
2001 to 2006 of 42%.22,25 In comparison, cycling in Sydney
has increased only 9%, with the RTA spending $7 million
across NSW in 2006–07 (see Table 1).26 The city of
London, as part of their Climate Action Plan, has increased
funding for cycling and walking by almost five-fold – from
£13 million a year in 2003–04 to £62 million in 2008–09.27

Analysis of the 1980 to 1987 Fremantle Network Bike
Plan found that it was a worthwhile economic investment
for the community, with a 12% annual increase in the
cycling population resulting in transport and health
savings to that community of $420 000 per annum, com-
pared to the implementation costs of the bike plan of
$273 000 per annum.28 In addition to social and environ-
mental benefits, there was a benefit-to-cost ratio, in 
economic terms alone, of 1.46 : 1.28

A recent review of transport and health promotion inter-
ventions to increase levels of cycling found that, despite
varying levels of research rigour, most programs did lead
to a positive increase in cycling.29 An investment in infra-
structure for cycling and social and behavioural programs

that encourage cycling will readily lead to more
Australians cycling.

Recommendations to increase cycling
The barriers to more Australians cycling are relatively 
well known.30 A report commissioned by the Australian
Department of Health and Ageing seeking to raise popula-
tion levels of physical activity identified the barriers and rec-
ommended strategies that a whole-of-government approach
could use to increase levels of cycling.22 These recommen-
dations are largely dependent upon each other and would
need to be implemented in an integrated, co-ordinated way:
• Improved bicycle infrastructure: to provide safe,

attractive and enjoyable on and off road bicycle routes
as well as high quality end-of-trip facilities.

• Funding: to better reflect the role and value of cycling
in a range of areas, including transport, health and
sustainability, with support from all levels of
government.

• Mass marketing campaigns: to promote the multiple
health, environmental, transport, economic and social
inclusion benefits of cycling, and address perceived
barriers such as safety, required fitness level and road-
user behaviour. These campaigns can be supported
through the extensive network of cycling
organisations around Australia, and should be
combined with infrastructure improvements.

• Behaviour change programs such as TravelSmart,
Ride to Work and Ride to School programs: to help
more Australian children and adults make the daily
commute by bicycle.

• Bicycle events: to encourage infrequent and novice
riders to cycle in a supportive social environment.

• Bicycle education programs: to increase confidence
and skill levels in both the child and adult population.

• Urban design: to create a physical environment more
conducive to cycling, such as higher density, mixed
use development and shorter trip distances.

Cycling is a carbon-neutral, petrol-free form of transport,
simultaneously helping Australians fight climate change,
reduce fuel costs and increase physical activity and
improve health. As Australian society comes to terms with
global warming and the need to change personal behaviour
to slow the rate of climate change, active travel needs to be
a central platform in this program. Political will is neces-
sary to create an environment that facilitates walking and
cycling, as well as public transport options, for all.
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There is growing awareness that diets in affluent countries,
rich in meat protein, dairy and preprepared foods, have a
negative impact on biophysical environments as well as on
public health.1–4 Consensus is also emerging that healthier
diets are more environmentally sustainable.4–6 By chal-
lenging the ongoing supply of affluent country diets,
climate change provides a population and environmental
health opportunity. However, it also poses a significant
risk to food-insecure populations. Already, data show that

Functional foods and urban agriculture: 
two responses to climate change-related 
food insecurity

Abstract: Affluent diets have negative effects on
the health of the population and the environment.
Moreover, the ability of industrialised agricultural
ecosystems to continue to supply these diets is
threatened by the anticipated consequences of
climate change. By challenging the ongoing
supply of the diets of affluent countries, climate
change provides a population and environmental
health opportunity. This paper contrasts two
strategies for dealing with climate change-related
food insecurity. Functional foods are being posi-
tioned as one response because they are consid-
ered a hyper-efficient mechanism for supplying
essential micronutrients. An alternative response
is civic and urban agriculture. Rather than empha-
sising increased economic or nutritional efficien-
cies, civic agriculture presents a holistic approach
to food security that is more directly connected to
the economic, environmental and social factors
that affect diet and health.
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undernutrition in less affluent countries is rising; and due
to higher food prices, poorer subpopulations in the devel-
oped world are missing out on a range of protective foods,
like fruit and vegetables, and in the developing world,
staples like rice, maize and wheat.7–9

This paper focuses on the opportunities for food system
transformations posed by climate change. It begins by
sketching the symbiotic relationship between climate
change and sustainable food yields, before contrasting two
strategies for dealing with anticipated food shortages and
the associated growth in diet-related diseases: the promo-
tion of the functional food sector and civic and urban 
agriculture. While examples of civic agriculture such as
farmers’ markets and food co-operatives are relatively
recent in Western countries, urban agriculture has a long
tradition as a localised response to food shortages, the
degradation of urban communities and urban poverty in
cities in both developed and developing countries. With
over half of the global population living in cities, urban
agriculture may have significant implications for rethink-
ing conventional approaches to agrifood systems.

Industrial food systems and climate change
Food is a major user of energy and thus contributor 
to greenhouse gas emissions, with 15 to 20% of energy
used in developed countries attributed to their food
sectors.5 In Australia, emissions from agriculture
accounted for 16% of net emissions in 2004.10 This pro-
portion increases to 23% when producer emissions from
energy, transport and waste are included.3 The entire food
chain is implicated, with household food preparation,
organic waste disposal and car shopping trips adding a
further 10% to emissions.3

In Europe, and we assume Australia, the most energy
intensive food commodities are the most health damaging:
animal-based foods, fats and oils, and sweets, snacks and
drinks.5,11 While there is popular debate about the distance
that foods travel, or food miles, it is the mode of transport
that is important. The 1% of foods known to be air-
freighted in the United Kingdom (UK) accounts for 11%
of food transport’s overall contribution to carbon
dioxide.12 Global free trade arrangements will deepen the

10.1071/NB08044
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extent of air-freighted foods. It is now generally recog-
nised that the food miles metric is a poor proxy for
environmental damage, and that lifecycle assessments
from paddock to plate are important.3

As a result of climate change, food yields are declining
albeit unevenly across the globe.7,9,15,16 Reduced cereal
and rice yields are the most troubling in terms of food
insecurity in poorer countries. Declines result from either
too little or too much rainfall, soil loss due to winds,
higher temperatures, storm and hail damage to crops, and
the spread of pests and plant and animal diseases.17

Australia’s major food production region based on the
Murray–Darling river system is collapsing due to inade-
quate water flows and increased temperatures.17

Climate change is also compromising food yields indi-
rectly, through:
1. redirecting agricultural efforts away from human 

food to biofuel production as a strategy for reducing
greenhouse gas emissions related to fossil fuel-
dependant industries

2. reduced fishing permits near distressed marine
ecosystems, for example, the Great Barrier Reef

3. the growth of aquaculture as a response to exhausted
capture of wild fisheries, further disturbing these
more traditional fish sources.17,18

The functional food response
For more than a century, governments have periodically
called on food manufacturers to fortify foods and drinks as
a population-wide strategy for eliminating micronutrient
deficiencies: for example, iodised salt and thiamine-
enriched beer.19,20 Since the 1980s, nutrient enrichment
(energy drinks, vitamin-fortified cereals) and nutrition
engineering (reduced-fat milk) have also taken place inde-
pendently of government.21 These commodities have been
called corporate marketing devices for value-adding

health to foods, and they may be redundant in countries
where food supplies are replete with nutrients.22,23

To date, most functional food activity has occurred in the
developed world where people can afford to pay more for
the value-added items. Involving the largest agrifood and
pharmaceutical corporations, it is a hugely profitable
sector estimated to be worth US$30–50 billion in 2004,
with large annual growth forecasts.20

In part, because of success with golden rice (rice that is
genetically engineered to deliver vitamin A), and the green
revolution, an argument is gaining momentum that foods
genetically modified to produce essential micronutrients
are an important technological response to improving the
nutrient values of the reduced food supply.24 What is often
overlooked is that the green revolution contributed to
marked rural inequalities and despoiled agricultural
environments.25,26

There is good reason to fortify food supplies where micronu-
trient deficiencies exist, especially in the developing world
where food scarcity is an issue, but the functional food sector
has major shortcomings as a response to climate change-
induced food insecurity.27 First, it does little to challenge
industrial agriculture and its externalities, including climate
change. Second, it does not guarantee a balanced and diverse
diet, which bodies like the World Health Organization deem
important for health.28 Third, it does not address another
determinant of good nutrition: household incomes. Even in
wealthy countries, climate change is driving farmers off their
land into cities in search of employment.15 Farmer and
peasant reliance on cash incomes for food previously
acquired through various self-sufficiency strategies can lead
to inferior diets.29 Finally, by limiting participation in the
food system to the act of purchasing and consuming nutri-
ents, it does not engage consumers with their food supply.

The civic and urban agriculture response
An alternative response to a corporate approach (that is,
led by large-scale, profit-driven corporations) is civic and
urban agriculture. Civic agriculture emerged out of the
environmental and food counterculture movements of the
1960s and 1970s. It shifts the focus away from simply
increasing economic or nutritional efficiencies in food
production, instead adopting a broader perspective, which
uses localised food production as a way of developing and
strengthening communities.30

Urban agriculture is an important aspect of civic agricul-
ture in cities in both developing and developed countries.
For example, when Cuba lost access to cheap fuel and
petrochemical-based agricultural chemicals in the mid-
1990s, it worked to secure a sustainable and healthy food
supply through organic food production (for both export
and domestic consumption and urban agriculture).31 For
cities and urban areas in South America, Africa and the

Box 1.  Life cycle assessment in the agrifood sector

Life cycle assessment is a tool for the systematic evaluation
of the environmental aspects of specific products over their
life cycle (from cradle to grave).13 The technique emerged
from the industrial and commercial sectors and has been
internationally standardised since 1997.14 Unlike other
approaches to environmental impact assessment, it
includes all supporting processes within a system and
allows for multiple environmental indicators to be 
assessed concurrently.

Within the agrifood sector, the technique is attracting
growing commercial interest as a tool for communicating
broader environmental information to increasingly-
interested stakeholders. It is of particular relevance to
environmental health officers and urban planners, and
could facilitate food consumers to become climate
watchers as they monitor the environmental consequences
of their household food behaviours.5
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Pacific Islands, growing food provides a source of fresh,
affordable and culturally-appropriate food, though urban
agriculture has received relatively little institutional
support from planners and policy makers.32–34

Urban agriculture as a strategy for addressing food secu-
rity issues has not been restricted to the developing world.
In Europe and North America, it has historically inhabited
a variety of spaces, taking the form of allotments and com-
munity gardens, backyards, urban and peri-urban farms,
vacant lots, schools and public land. It has been incorpo-
rated within radical and conservative political agendas as
a response to a variety of economic and social crises, from
citizen protest and world wars to mass unemployment and
urban degeneration. During the 18th and 19th centuries,
low-rent allotments for establishing food gardens were
made available in the UK through social reform programs
to new landless peasants in order to subsidise the incomes
and diets of the urban poor.35,36

The literature about urban agriculture and community gar-
dening points to numerous potential social, ecological and
health benefits. The therapeutic value of community gar-
dening as a physical activity has been recognised for 
creating opportunities for ecological engagement and
‘emotional, physical and spiritual renewal’ and for con-
tributing to the health and wellbeing of the elderly.37 Food
gardening as a leisure activity is associated with building
stronger relationships and social capital at a local level.38

A study of allotment gardens in Barcelona, Spain, found
that, beyond providing a source of food, allotment garden-
ing also makes use of the skills and knowledge brought by
retirees from rural areas, such that the community garden
was ‘a space of physical and psychological well-being and
communion with a former rural life that they had to
abandon when migrating towards the industrial centres’.39

Gardening programs for children have also emerged in
schools with the aim of teaching children about the origins
of what they eat, the ecological processes of food produc-
tion and the importance of the table as a social space.40

In the San Francisco area, urban food gardens were found to
be strongly aligned with the objectives of Local Agenda 21
and played an important role in the greening of low-
income neighbourhoods and in revitalising the ‘ecological
and social health’ of degraded urban communities.41

Community garden participation has also been associated
with increased consumption of fresh fruit and vegetables
among gardeners, pointing to its potential as an approach
for improving diet-related health that may also contribute
to wellbeing in less tangible ways.42 Urban agriculture has
more recently been used as a strategy for nutritional and
environmental education and community development. It
is associated with the community food security movement
to support ‘cultural identity, citizenship and democratic
practice’ through localised food production and consump-
tion.43 Civic participation and community organising are

important dimensions of many urban agriculture projects
and suggest further potential for developing healthier and
more vibrant communities.

With the political backing of government, the Victory
Gardens program in the United States was hugely produc-
tive with approximately 40% of fresh vegetables consumed
from an estimated 20 million gardens during World War II,
enabling mainstream food resources to be shipped to troops
overseas.44 This suggests that, when adequately supported
by government, urban agriculture has enormous potential
as a localised food source. However, while it has potentially
important implications for how city planners might incor-
porate food production into the city, urban agriculture is a
relatively marginal practice in relation to conventional
approaches to urban development in the West.45

Desilvey suggests that the diversified uses of community
gardens and allotments as ‘urban green spaces, poor relief
schemes, wartime provisioning centres and landscapes of
leisure’ has meant that they tend to fall between the cracks
of traditional urban planning in Western cities.36 In fact,
community gardens and other urban agriculture sites have
long been politically contested spaces between gardening
residents, municipal government, private developers and
community and grassroots organisations, particularly as
they often have competing interests and differing degrees
of power and agency in how urban land is allocated and
managed.39,46

The contested nature of urban agriculture sites and a lack
of appropriate institutional support present significant
challenges to urban agriculture as a response to food inse-
curity and climate change. With land values in Australian
cities rising significantly over the last decade, urban agri-
culture organisations often compete with developers for
access to land. Nonetheless, the importance of community
gardens to residents of some of Melbourne’s high-rise
public housing flats and community gardening volunteers
is potentially profound. Cultivating a garden plot provides
not only an affordable source of fresh, healthy food and
opportunities for exercise, but also supplies residents with
foods that are connected to their cultural heritage and that
are important to feasts and celebrations. As Bhatti and
Church suggest, public and private food gardens produce
spaces in which people can ‘develop complex, sensual and
personalised readings of nature’ and places to ‘engage,
confront and understand the changing natural world’.47

Several Melbourne-based urban agriculture projects, such
as an urban farm and mushroom growing project at Ceres
and the former Garden of Eden permaculture food garden
in Albert Park, have developed as social enterprise proj-
ects for learning and training as well as for reducing social
exclusion and increasing ecological literacy. Many com-
munity gardening organisers are seeking to develop local
responses to broader global issues such as climate change,
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health problems, increasing urbanisation and the
inequities of the industrial food system. Sites of urban
agriculture are often hotbeds of environmental, cultural
and social activism and spaces of civic engagement that
provide a precious economic, social and cultural resource
for the community. This suggests that urban agriculture
warrants further examination for its potential not only in
developing alternative food systems that are more socially
and environmentally sustainable but also in creating more
engaged food citizens and building more ecologically and
socially healthier communities.48

Urban agriculture makes food systems more visible and
brings agriculture into urban life in new and enriching
ways. As Delind argues, it is not enough to grow more
food locally, calling for projects which ‘reintegrate agri-
culture, its rhythms, sensibilities, and trappings back into
our daily lives. Not only do we need to make such activity
visible and accessible, we also need to make it convivial
and sensual’.49 As cities like Vancouver and Toronto,
Canada, and municipalities in Australia begin developing
urban food policies, urban agriculture projects from com-
munity gardens to social enterprise programs are develop-
ing viable and engaging alternatives to conventional
techno-industrial agrifood responses to climate change
and food insecurity, such as functional foods and geneti-
cally modified agriculture. These approaches tend to
alienate rather than connect consumers to the food system
and diminish rather than strengthen social and ecological
connections through food. Not enough is understood, as
Donald and Blay-Palmer point out, of how the urban food-
creative economy might foster ‘political innovations’ and
offer ‘potential for a more socially inclusive urban devel-
opment model’ and a more ecological approach to diet-
related public health issues.50

Conclusion
Plant-based diets, organic food systems and food systems
based on small-scale, local production and distribution
networks are becoming increasingly recognised as health-
ier and more environmentally sustainable approaches than
the present global, industrial (energy-intensive) and
animal-based system. Civic agriculture presents a holistic
approach to food insecurity that is more attentive and
responsive to the local economic, environmental and
social factors that affect diet and health.
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Smoke pollution from bushfires is associated with respi-
ratory effects and the toxicity of particulate matter sourced
from bushfires is similar to that originating from urban
sources.1 An increase in the frequency of very high and
extreme fire danger days in south-eastern Australia is pre-
dicted with climate change.2 Health impacts due to bush-
fire smoke pollution may also increase.

An extreme bushfire smoke pollution event:
health impacts and public health challenges

Abstract: Aims: To determine the health impacts 
of smoke and the effectiveness of public health 
advisories during a severe bushfire smoke event in
Albury, NSW. Methods: The NSW Department of
Environment and Climate Change provided PM10

data. A computer-assisted telephone survey using
random digit dialling was conducted following the
smoke event to assess health impacts and the effec-
tiveness of advisories. Results: The smoke event
lasted 38 days. The maximum daily PM10 level was
415 �g/m3. Public health advisories were based on
alerts for air pollution issued by NSW Department
of Health. From the survey, a total of 389 interviews
were available for analysis. At least one health effect
of the smoke was reported by 70% of respondents
and 5% reported seeking medical treatment. Over
74% reported seeing, hearing or reading the health
advisories. Behaviour change was significantly
greater in this group (odds ratio � 2.74; 95% 
confidence interval 1.50–5.02). Conclusion: High
rates of health effects may be experienced by pop-
ulations exposed to bushfire smoke pollution.
Public health advisories can support behaviour
change to reduce exposure to bushfire smoke.

Anthony KolbeA and Kim L. GilchristA,B

APopulation Health, Greater Southern Area Health Service
BCorresponding author. Email: kim.gilchrist@gsahs.health.
nsw.gov.au

In early 2003, smoke from bushfires blanketed north-eastern
Victoria and southern New South Wales (NSW). Smoke pol-
lution was present continuously in the city of Albury, NSW
for 38 days and in late January and early February extreme
levels were experienced. Studies examining the health
impact of severe bushfire smoke pollution in a community
setting are limited in Australia and studies on presentations
at emergency departments during smoke events have pro-
duced inconsistent results.3–5 Low level particulate pollution
arising from vegetation burning in Australia has been asso-
ciated with asthma symptoms and medication use.6

This paper describes a bushfire smoke event, the role of
public health during the event and a survey conducted to
determine the health impacts of the smoke and the effec-
tiveness of public health advisories, which were published
through the mainstream news media.

Materials and methods
To inform public health advisories, draft health alerts for
air pollution from the NSW Department of Health and air
quality data (PM10) provided by the NSW Department of
Environment and Climate Change (DECC) were used. A
community survey was conducted shortly after the pollu-
tion abated using a computer-assisted telephone interview
(CATI) technique and random digit dialling. The event
was defined as the 38-day period from when the daily
PM10 result for the Albury Local Government Area (LGA)
first exceeded 50 �g/m3 to when daily results were con-
sistently below this level.

Air quality measurement
DECC operates an air quality monitoring site in Albury
using a tapered element oscillating microbalance (TEOM),
which provides a measure of particulate concentration by
calculating the change in mass of a filter, detected by the
alteration in the oscillation rate of the collection tube. The
TEOM was set to provide a measure of particulate matter
with an equivalent aerodynamic diameter of 10 �m or less
(PM10). The daily PM10 result was calculated as the arith-
metic mean of the 24 1-hour averages and was provided by
DECC the following day. For calculation of the daily average
at least 75% of the hourly averages must be available.

Survey methodology
The survey questionnaire was developed in consultation
with the NSW Department of Health and interviews were

10.1071/NB08061
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undertaken by the Department’s CATI team. A pilot survey
of 12 respondents was conducted. The common responses
to the open ended questions of the pilot survey were used
to identify the categories for responses in the main survey
with allowance for other responses. Telephone numbers
were selected randomly from a bank of numbers for the
Albury LGA. Once the household was contacted the
respondent was randomly selected from all household
members. Respondents who did not speak English were
excluded from the survey. (Census 2001 reported 0.3% of
Albury LGA could not speak English well or not at all.7)
Informed consent was obtained at the start of the inter-
view. Information on pre-existing health conditions, as
diagnosed by a medical practitioner, was self-reported.
People aged 16 years and above were questioned. Where
the selected household respondent was less than 16 years
of age, a parent or carer was asked to complete the survey
on the child’s behalf. The survey was conducted over a 
2-week period in late February and early March 2003. 
The responses were weighted according to the December
2002 Estimated Resident Population for the Albury LGA
and data were analysed using SAS Version 9.1. Ethical
approval for the study was obtained through the Greater
Murray Area Health Service Human Research Ethics
Committee.

Results
Air quality results
NSW Health has adopted an air quality categorisation
system developed by DECC for public health advice on air

pollution.8 The DECC system reports air quality using a
derived value called the air quality index (AQI).9 The
maximum daily PM10 result during the bushfire smoke
event was 415 �g/m3 (Figure 1), equivalent to an AQI of
830. The same day, the maximum hourly result of 
938 �g/m3 was recorded. On 3 days, the average daily
PM10 result was not able to be calculated as the monitor-
ing device was rendered inoperable by the high pollution
levels. For these 3 days, hourly results were possible for
13, 10 and 11 readings respectively. Using these readings,
the average daily results for 20, 23 and 24 January 2003
were 263, 702 and 140 �g/m3 respectively. Based on the
AQI categorisation and using the results from the com-
plete daily averages and the three incomplete days, the air
quality during the 38-day period, consisted of 15 days con-
sidered as ‘hazardous’, 6 days as ‘very poor’, 7 days as
‘poor’ and 9 as ‘fair’.

Public health advisories
Advisories were published through the mainstream news
media and, initially, targeted people with existing cardio-
vascular or respiratory disease, elderly people and chil-
dren. As the pollution worsened and reached levels
considered very poor or hazardous, the advisories were
directed at the whole community. Early advisories stated
that at-risk individuals should avoid strenuous outdoor
exercise, take their medication as prescribed, follow estab-
lished action plans and seek medical attention if they expe-
rienced asthma, chest pain or shortness of breath. As the
pollution worsened, the general public was advised to
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Figure 1.  Daily average PM10 results (�g/m3) for the period 1 January to 28 February 2003, Albury, NSW.
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reduce the level of outdoor activity and, as hazardous
levels were recorded, to stay indoors as much as possible.
A fact sheet was prepared and sent to all general practi-
tioners and hospitals in the affected area. Similar informa-
tion was provided to all aged-care facilities, child-care
facilities and, through the NSW Department of Education
and Training, to schools. The local public health unit
received enquiries during this period from schools, busi-
nesses, organisations and individuals seeking advice
regarding outdoor events.

When PM10 results far exceeded the highest level of the
health alerts, further action was considered. The use of
clean air respite facilities was considered and a trial clean

Table 2.  Percentage of people with symptoms, due to smoke exposure and people who were aware of health advisories by 
age group during a smoke event in Albury, NSW, January–February 2003

Factor Age group (years) (%) All (%)

0–15a 16–24 25–39 40–59 60–74 75+ n � 389

Any symptoms 58.4 67.6 71.1 79.7 80.3 64.0 70.4

Saw, heard or read advisoriesb 74.1 72.8 78.6 74.4 75.4 57.7 74.2

• Television 72.3 72.8 55.8 51.6 52.9 40.1 67.6           

• Radio 55.5 51.9 57.7 35.9 36.7 31.9 52.9

• Newspaper 38.5 31.6 40.3 35.5 26.4 36.4 40.9

aReported by parents or carers.
bPercentages for television, radio and newspaper are calculated on the total number who saw, heard or read advisories in each age group, with
multiple responses allowed.

air room using air cleaning devices was established at
Albury Base Hospital. The availability and cost of air
cleaning devices was investigated.

Local supplies of disposable respiratory masks were identi-
fied and monitored. The use of masks was included in the
public health advisories although, due to time constraints,
information was not provided on the methods for fit testing.
Consideration was given to the need for selected or mass
evacuation and discussions were held with the local emer-
gency management committee; however, public health sur-
veillance did not support the need for mass evacuation.

Survey results
A total of 1463 calls were made to achieve 415 interviews.
There were 97 refusals including both household and
respondent refusals, giving a response rate of 81.1%.
Twenty-six responses were excluded from the analysis
because the selected respondent was not in Albury at the
time of the bushfire smoke pollution, giving a final total
of 389 interviews.

Of the people surveyed, 70% reported at least one health
effect due to the smoke, equating to approximately 30 500
people in the Albury LGA. People reporting underlying
health conditions such as cardiovascular or respiratory
disease had higher rates of health effects with the highest
rate in people reporting asthma (Table 1). 5% of respondents
reported seeking medical attention because of the smoke.

People in the 40–74 years age group reported higher rates
of health effects (Table 2). Over 74% of people surveyed
reported that they were aware of the health advisories with
television being the most likely source. Across most age
groups, there were similar rates for people having seen,
heard or read the public health advisories, although a lower
rate in the over 75-years age group was reported (Table 2).

Of the people who reported being aware of the advisories,
53.5% stated that the main message was to remain indoors

Table 1.  Symptoms experienced during a smoke event by
reported pre-existing health condition in Albury, NSW,
January–February 2003

Symptom Health conditiona (%) All (%)

CVD Respiratory Asthma n � 389

Eye irritation 60.9 63.7 66.1 52.8

Coughing 47.3 47.6 49.4 32.4

Throat irritation 36.6 34.9 34.9 29.0

Shortness of 43.2 42.5 44.2 24.3
breath

Headache 21.9 23.6 22.2 19.4

Wheezing 20.4 24.0 25.6 11.6

Asthma 19.1 33.3 39.1 10.7

Anxiety 19.2 16.1 16.3 9.0

Depression 13.6 6.5 6.1 5.0

Other 6.2 3.4 2.9 4.5

Bronchitis 1.9 5.1 5.7 2.1

Angina 1.6 0.0 0.0 0.2

Any symptoms 82.6 84.9 88.1 70.4

aPercentages calculated on 77 people who reported heart condi-
tions, 105 respiratory conditions (including asthma) and 82 asthma.
Some people had more than one condition and are therefore
included in more than one category. CVD, cardiovascular disease.
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with a further 24.5% reporting that the advisories sug-
gested reducing or avoiding outdoor activity. When asked
who the advisories were aimed at, 65.5% of people
reported “the whole community” or similar while 31.9%
reported “people with respiratory problems” (multiple
responses allowed).

Over 70% of people surveyed reported changing behav-
iour during the smoke event. People who saw, heard or
read the advisories were significantly more likely to report
behaviour change than those who did not (odds ratio
(OR) � 2.74; 95% confidence interval (CI) 1.50–5.02)
(Table 3). The highest rate of behaviour change was
reported by parents of children less than 16 years of age.

Most people who reported behaviour change stated that
they either stayed inside, reduced outdoor activity or 
prevented smoke getting into homes (Table 4). Similar
responses were found regardless of reported awareness of
advisories. Over 14% of respondents reported leaving the
area during the smoke event.

Discussion
This study demonstrates the widespread impact of an
extreme bushfire smoke pollution event on a community.
The symptoms reported by the respondents are consistent
with other studies, as is the finding of increased reported
symptom rates in those with existing cardiovascular and
respiratory conditions.10–13 Public health advisories dis-
seminated through mainstream media supported behav-
iour change to reduce exposure to bushfire smoke. These
findings are also consistent with other studies.12,13

The survey of Albury residents was completed within 
3 weeks of the particulate levels returning to normal. The
timeliness of the survey should have served to minimise
the possibility of recall bias. Due to extensive smoke pol-
lution in southern NSW, it was assumed that the Albury
LGA (an area of 106 sq km at the time) experienced
uniform levels of pollution.

Public health advisories stated that symptoms related to
smoke exposure included sore and itchy eyes, headache
and sore throat, which may have served to influence the
recall of symptoms reported. In interpreting the results of
this survey, caution is appropriate since symptoms, expo-
sures and behaviours were self-reported.

Despite the extreme pollution levels and the high proportion
of residents experiencing symptoms, a small proportion of
respondents reported seeking treatment for symptoms

Table 4.  Actions taken due to health advisories and/or smoke during a smoke event in Albury, NSW, January–February 2003

Actiona Due to advisoriesb Due to smoke: saw, Due to smoke: did not All (%)
(%) heard or read see, hear or read

advisoriesc (%) advisoriesd (%)

Reduced outdoor activities 52.0 62.3 51.6 54.0

Closed windows and doors 45.1 40.9 44.0 44.0

Dried clothes inside 17.7 26.9 13.8 18.7

Travelled out of area 11.7 23.3 13.8 14.4

Used ceiling fans 10.5 14.9 2.9 9.9

Other 10.0 1.0 3.4 8.2

Wore a mask 8.1 3.5 1.3 5.9

Increased regular medication 2.3 0.0 1.3 1.6

Commenced taking medication 1.5 0.0 0.0 0.9

aMultiple responses allowed.
bPercentages based on 162 people who changed behaviour due to advisories.
cPercentages based on 52 people who saw, heard or read advisories but changed behaviour due to smoke (not advisories).
dPercentages based on 51 people who changed behaviour due to smoke, but did not see, hear or read advisories.

Table 3.  Reported behaviour change in relation to
awareness of health advisories during a smoke event in
Albury, NSW, January–February 2003

Behaviour change and advisories %

People who saw, heard or read advisoriesa:

Changed behaviour – due to advisories 57.3

Changed behaviour – due to smoke 18.7

Total who saw, heard or read advisories and 76.0
changed behaviour

People who did not see, hear or read advisoriesb:

Changed behaviour – due to smoke 53.6

Total populationc:

Changed behaviour – due to advisories 42.5

Changed behaviour – due to smoke or advisories 70.2

aPercentages calculated on the 296 respondents who saw, heard or
read the advisories.
bPercentages calculated on the 93 respondents who did not see,
hear or read the advisories.
cPercentages calculated on all 389 respondents.
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associated with the smoke pollution. Mott et al. reported
that medical clinic visits for respiratory illness increased by
52% during a bushfire smoke pollution event lasting 70
days with PM10 levels exceeding 500 �g/m3 on 2 days.12

The relatively simple mitigation measures of remaining
indoors and reducing outdoor physical activity achieved
high recall rates and represented the main reported behav-
iour changes. Fine particles can penetrate houses, with the
extent of indoor pollution dependent on the air exchange
rate. Penetration of particles into houses can be reduced by
keeping doors and windows closed and using air condi-
tioners with efficient filters.14

The benefit of masks in mitigating the effect of smoke 
pollution remains uncertain. Kunzli et al. reported that
wearing masks during a smoke pollution event had a ben-
eficial effect.13 Mask use was reported to be ineffective
and positively associated with outdoor exposure by Mott
et al. who suggested that inconsistent use of masks and
lack of appropriate fit testing as well as the variability in
the effectiveness of masks chosen for use, may have been
contributing factors to mask failure.12

The issuing of health advisories based on alert guidelines
during bushfire smoke pollution events has a number of
limitations. First, the daily average PM10 result relates to
the previous 24-hour period, not the current situation.
Second, during the event in Albury, conditions changed
rapidly depending on the prevailing winds. For example on
one day, the hourly average PM10 result was 57 �g/m3 at 
7 am, 320 �g/m3 at 9 am and 780 �g/m3 at 11 am. Framing
advisory information according to the categories was
useful as pollution was increasing; however, when extreme
pollution levels were reached and conditions changed
quickly, the categories were irrelevant. Based on World
Health Organization guidelines, public health staff under-
took a rapid correlation of hourly PM10 results with visi-
bility of known markers.14 Further research is required to
examine the validity and utility of visibility estimates in
supporting public health advisories on bushfire smoke
pollution.
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The challenge
This paper argues for a systems oriented governance
model to integrate responses to health and climate change
in an urban context. Health impacts of climate change
arise from direct and indirect pathways, including extreme
weather, changing patterns of infectious disease, effects
on fresh water supplies and food yields, loss of liveli-
hoods, displacement of vulnerable populations and
impaired functioning of ecosystems.1 Regions and com-
munities will experience differing impacts of climate
change, based on varying exposure and sensitivity.
Vulnerability to health impacts is also a consequence of
adaptive capacity.2

Urbanism, climate change and health: 
systems approaches to governance

Abstract: Effective action on climate change
health impacts and vulnerability will require
systems approaches and integrated policy and
planning responses from a range of government
agencies. Similar responses are needed to address
other complex problems, such as the obesity epi-
demic. Local government, with its focus on the
governance of place, will have a key role in
responding to these convergent agendas. Industry
can also be part of the solution – indeed it must be,
because it has a lead role in relevant sectors.
Understanding the co-benefits for health of
climate mitigation actions will strengthen the case
for early action. There is a need for improved deci-
sion support tools to inform urban governance.
These tools should be based on a systems approach
and should incorporate a spatial perspective.
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A recent report from the United Kingdom (UK) on tackling
the obesity epidemic highlights similarities with tackling
climate change – ‘both need whole societal change with
cross governmental action and long-term commitment’.3

Importantly, the underlying causes of anthropogenic
climate change are inextricably linked with the underlying
causes of the obesity epidemic.

Our modern way of life is changing the climate and making
us sick.4 Addressing the underlying causes of these related
challenges requires a convergent approach where we recog-
nise a common policy locus in the places in which we live.
This includes organising our response on a spatial basis 
and improved urban governance. Traditional approaches to
health and urban planning tend not to speak the same 
language and there is a need to conceptually align their
agendas, developing integrated approaches to the planning,
development and management of the places in which we
live – to ensure these are healthy and sustainable places.

Governance, systems thinking and 
virtuous cycles
Governance refers to processes to ensure the effective
management of a project, organisation or system. In
Australia, cities and towns – the places where most of us
now live; and places that can foster economic development –
are governed through a multitude of structures, regulations
and policies. Now, more than ever before, we require a
common approach to the city, as the focus of sustainable
living in its widest sense. Our governments (local, state
and national) should lead on the governance of towns and
cities; and they should do so in partnerships with industry
and the wider community. The challenge of achieving inte-
grated health and sustainability outcomes is how to embed
this way of thinking into the daily business of governance,
whether this is a strategic policy or a spatial project.

There are lessons for Australia from the approach to sus-
tainability governance taken in the UK. Mechanisms
include formal sustainability commissions with statutory
reporting responsibilities; sustainable development frame-
works to guide strategic and spatial policy at national,
regional and local levels; independent assurance of sus-
tainability goals; and statutory requirements to consider
sustainability in policy and planning decisions. The
London experience is instructive. The Greater London
Authority Act requires the Mayor to meet a statutory duty

10.1071/NB08059
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to ‘promote health, equality of opportunity and sustain-
able development’. The London Sustainable Development
Commission was established in 2002 to advise the Mayor
on developing the city as an exemplary sustainable city
and to assist in fulfilling the Mayor’s statutory duty. The
Commission designed an integrative sustainable develop-
ment framework by which it could appraise decisions and
drive policy development; taking decision-makers beyond
an approach that simply divided policy initiatives into 
the usual social, environmental and economic silos.5 This
framework is based on the concept of ‘virtuous cycles
thinking’ where co-benefits are identified and actively
pursued (Figure 1).6,7

Embedding sustainability into decision-making can be
significantly bolstered by formal governance structures
that incorporate external reporting. The UK Sustainable
Development Commission now reports annually on
progress of the government estate in meeting its sustain-
ability targets, including its commitment to be carbon
neutral by 2012.8

Whether planning for the aged, the ageing or for the next
generation, the way we conceive and design our cities will
influence the ability of the population to choose the way it

lives. Rather than thinking about zonings and land uses, a
people-centred approach to planning will lead to different
outcomes from those we have today. Starting with a
premise of reshaping the city around how an individual
and their family use the city for daily needs, a different
solution emerges. If a healthy way of life is at the core of
that thinking, then a more self-contained model of neigh-
bourhood and region is the outcome. Walking to school,
the local shops, accessing public transport easily for the
journey to work and for daily needs and providing cycle-
ways to local recreation and community activities are
some design requirements for a healthy city. To achieve
this end, a more integrated approach to planning is needed –
considering environment, transportation, work and
people. The approach should consider how people will
inhabit their place, and what their habits (behaviours)
mean for their health and wellbeing, and for the health of
the environment.

The current situation
There are myriad sustainable urbanism demonstration
projects in Australia and abroad, both greenfield and 
retro-fit. Some examples include: Christie Walk, an eco-
housing development in Adelaide; eco-towns and cities
planned in the UK, China and the Middle East; and Samso,

Figure 1.  Representation of the benefits of active transport as a virtuous cycle.
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triple-bottom-line) – are means rather than ends.10

Environmental, social and economic circumstances are all
important determinants of human life experience and, ulti-
mately, physical and mental health and wellbeing. Health
should therefore be considered a primary outcome in all
sustainability policy and planning.

Second, there is a need to apply what we already know
about human-environment interactions to the planning,
development and management of the places in which we
live. This, and further research, should be informed by a
systems understanding of health and wellbeing and should
identify roles and responsibilities for industry (Box 2) and
acknowledge the contribution of civil society.3

Box 2.  Financial governance of urban development: 
a putative role for retail banks

Australia’s retail banks lend money to many people to
finance the purchase of their homes. The same banks also
lend money (often large amounts) to industry to finance
the development of land for suburban housing and
apartments. The banks seem well-placed to assume a role
in the governance of land development. If housing (free
standing houses, townhouses and apartments) is
developed in ways that minimise energy and water
consumption and enable residents to have ready access 
to their daily needs (schools, shops, services, jobs,
recreation, transport), the ongoing running-costs of
housing will be reduced (e.g. lower energy and water 
bills, and transport costs). This is of interest to the banks
because it should make the home loans more secure. The
home loan customer is more likely to be able to meet their
repayments; and the value of the housing is likely to
increase over time because it will remain an attractive 
place to live.  

Australia’s retail banks should consider applying conditions
to loans for housing development, and perhaps providing
interest rate incentives to developers and home buyers, for
healthy and sustainable choices. Certainly, this could not be
implemented without the support of government because
transport, in particular mass transit, is a key to healthy and
sustainable urban development and requires government
commitment.

Box 1.  Copenhagen agenda for sustainable cities: 
10 principles for sustainable city governance

1. Rediscover the city

2. Redefine city value

3. Involve everyday experts

4. Break down silos

5. Redistribute urban decision-making

6. De-design urban planning

7. Promote corporate urban responsibility

8. Go global

9. Embrace chaos, crisis and change

10. Encourage passion in urban leadership

Full details of the 10 principles are available from:
http://mm.dk/filer/10principles.pdf

an island in Denmark, which is currently the largest
carbon-neutral settlement in the world. An important
lesson from Samso is that people want to be involved in
decision-making and innovation; something oft-cited as
beneficial, but rarely achieved.

The Copenhagen Agenda for Sustainable Cities is a
Danish initiative in advance of the United Nations’
Climate Conference later in 2009. The Agenda advocates
improved city planning, development and management as
a strategy for tackling climate change and other pressing
global challenges, such as poverty and epidemic chronic
disease. The Scandinavian thinktank, Monday Morning,
canvassed 50 urban experts and identified 10 principles
for sustainable city governance (Box 1). In moving
forward with this initiative, it will again be important to
ensure integrative approaches to achieve sustainable and
healthy cities.

The Western Sydney Regional Organisation of Councils
has recently developed an Agenda for Sustainability and
Wellbeing, which argues that social, environmental, cul-
tural and economic issues need to be considered together
in an ecological way. This agenda arises from a view that
cities are ‘human ecological systems’ that are supported
by, and integrated with, ‘natural ecological systems’. The
sustainability of the city, and the health and wellbeing of
the population, are seen as a consequence of interaction
between these ecological systems. The agenda seeks to
widen the focus of sustainability from individual behav-
iour change (such as reducing household water and energy
use) to structural changes in the places in which people
socialise, live and work.

Healthy Spaces and Places is a project that aims to
promote the development of built environments, which
facilitate lifelong active living, and promote good health
outcomes, for all Australians. It is an initiative of the
Planning Institute of Australia, in partnership with the
National Heart Foundation and the Australian Local
Government Association, and with the support of the
Australian Government Department of Health and
Ageing. It builds on the Healthy by Design initiative of
Institute’s Victorian Division.9

Health impact assessment methods have been used to
assess impacts and vulnerability to climate change.2 This
methodology is a useful decision support tool for policy
and planning responses to climate change. An important
challenge is to ensure that such assessments are informed
by a systems perspective.

Suggested actions
First, there is a case for a paradigm shift in current sus-
tainability discourse. The three pillars of sustainability –
environmental, social and economic (often called the
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Table 1.  Some necessary actions to re-orient towards systems approaches to urban governance

Necessary action Who is responsible for the action?

Strengthen emphasis on systems methods in the education Universities with public health and planning programs
of public health and planning workforce

Develop workforce capacity to use systems methods Professional organisations, government, industry
in problem-solving

Foster inter-disciplinary and trans-disciplinary approaches All stakeholders
in planning, implementation and evaluation of policy 
and other interventions

Demonstrate application of systems approaches in relevant Industry, government and community organisations
projects

Incorporate systems science approaches in impact assessment Commissioning organisations and proponents
of projects, policies and programs

Vision and leadership valuing systems approaches and Business leaders, community leaders, elected representatives
adaptive management

Third, there is a need for workforce development and
capacity building. Professional bodies, such as the
Planning Institute of Australia, the Public Health
Association of Australia and the Australasian Faculty of
Public Health Medicine are responding to this challenge.
The University of New South Wales’ teaching program in
Healthy Urban Planning provides opportunities for inter-
professional learning for health and planning students.11

Planning and public health courses should embrace
systems methods and ensure future professionals are
equipped to deal with emerging challenges.

Finally, there is a need for improved decision support
tools, for example, audit tools that incorporate both a
systems perspective and a spatial focus and acknowledge
the need for effective governance approaches. These can
build on existing methods and should accommodate quan-
titative and qualitative information (Table 1).

Meeting the challenge
Climate change and obesity have been characterised as
‘wicked policy problems’ – problems that cannot be 
successfully treated with traditional linear, analytical
approaches.12,13 That said, we must not be overwhelmed by
the complexity of these challenges. Systems understand-
ing can help us navigate a path through the complexity.
Without such an approach there appears to be no clear
governance strategy for addressing the spatial and policy
intersection between the structure of our cities, trends in
health outcomes and the carbon intensity of our way of
life. We have to be prepared to make decisions and, in
doing so, allow ourselves to make mistakes. Provided we
learn as we go, we will make progress.
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Hepatitis A: Wallis Lake revisited

To help protect the public from consuming contaminated
shellfish, the NSW Food Authority runs the NSW
Shellfish Program.5 The program aims to prevent the
harvest of contaminated shellfish by determining the clas-
sification of specific harvest areas as either ‘approved’ for
harvest and direct sale; ‘restricted’ until shellfish are depu-
rated (i.e. placed in clean water so that they can release
accumulated micro-organisms into the surrounding water)
or relayed to an approved harvest area prior to sale; or
‘prohibited’ from harvest at any time. The classifications
are determined by continuous risk assessment through
surveys of potential pollution sources (such as sewage
treatment plants, boats and construction sites), and sani-
tary surveys of the shoreline, water quality and shellfish.
In addition, harvest areas can be closed immediately if
thresholds (for example, rainfall or salinity thresholds) are
exceeded.

The Wallis Lake hepatitis A outbreak demonstrated the
close relationship between coastal development, sewage
management, infectious diseases and human health.
During this outbreak, the financial journalist Max Walsh
drew attention to a book, The French, the English and the
Oyster written by the British economist, Robert Neild.6

An oyster lover, the author examined why, in the face of
similar threats, the French oyster industry had survived
and thrived while the English industry had not. He con-
cluded that the French mercantilist, economic and cen-
tralist political traditions enabled successive French
governments to exercise effective power over such things
as the distribution and location of oyster leases, the pro-
hibition of harvesting at certain times and the manage-
ment of human waste. In England on the other hand, 
the laissez faire economic ideology permitted the oyster
industry to wither as the inevitable effects of human
development and oyster-related foodborne outbreaks
became manifest.

The Wallis Lake outbreak was a stark reminder of the
inherent conflict between urban and rural development and
oyster growing. The combination of environmental meas-
ures and the NSW Shellfish Program has been a successful
public health and commercial response to the hepatitis A
outbreak. In 2008, more than 10 years after the outbreak,
the Wallis Lake oyster industry is thriving, producing 30%
of Sydney rock oysters in 2007 worth an estimated $14
million, and winning the Sydney Rock Oyster People’s
Choice Award for tastiest oysters.7
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In 1997, Wallis Lake, a major oyster-growing estuary on
the mid-north coast of New South Wales (NSW), was the
source of a large hepatitis A outbreak caused by contami-
nated oysters. Ten years on, we revisited the epidemiology
and clinical presentation of hepatitis A, appraised the
environmental controls on oyster leases since the Wallis
Lake outbreak, and placed shellfish quality management
in an historic, cultural and economic context.

The hepatitis A virus is transmitted via the faecal-oral
route and can cause a range of symptoms including
malaise and diarrhoea, acute hepatitis with jaundice, and
sudden and severe liver failure. Patients usually recover
completely without sequelae or recurrences, and develop
lifelong immunity.1 Hepatitis A is a disease often associ-
ated with poor environmental sanitation, with water and
food as the principle vehicles of transmission. In Australia,
the quality of water and sanitation is generally good and
not an important cause of hepatitis A virus transmission.
In NSW, 50% of people notified with hepatitis A between
2002 and 2006 reportedly acquired the infection during
travel to endemic areas.2 Travellers born in endemic coun-
tries returning to their country of origin to visit friends and
relatives were at highest risk of infection.2

However, the outbreak in 1997 that resulted in 422 cases of
hepatitis A in NSW was traced to oysters from Wallis Lake.3

An environmental investigation by NSW Health found the
lake contaminated with human faecal and nutrient pollution
from unsewered townships, agricultural areas, waterway
users and run-off from a large urbanised area. In response to
the outbreak, a range of local and state government agencies
collaborated in estuary and catchment remediation works.
Public toilets were built for the boating public, devices were
installed to improve stormwater management, sewerage was
provided to several townships, litter baskets were added in
stormwater drains, and eight wetlands were constructed to
serve as a filter for the water reaching the estuary. The reme-
diation works greatly improved the quality of the Wallis
Lake water and in 2004 the local council was awarded the
Thiess Riverprize for best practice in river and catchment
management and environmental repair in Australia.4
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Figure 1 and Tables 1 and 2 show reports of communica-
ble diseases received through to the end of December 2008
in New South Wales (NSW).

Pertussis (whooping cough)
An outbreak of pertussis that commenced in northern
NSW in late 2007 has continued to spread across NSW. In
November and December, there were 1740 cases and 1989
cases respectively reported. A total of 8181 cases were
reported in 2008, equivalent to 119 cases per 100 000
people. This represents a significant increase since 2007
where 2097 cases were reported (30/100 000 people).

Cases under 1 year of age had the highest age-specific
incidence (346 cases notified, which is equivalent to 386
cases per 100 000). Many of these children were not yet
immunised as the vaccine is routinely given at 2, 4 and 
6 months of age. No deaths were reported in children or
infants who are normally at greatest risk of severe mor-
bidity and mortality from pertussis.

A second peak was seen in children aged around 14 years,
where there were 293 cases reported (equivalent to an age-
specific rate of 318 cases per 100 000). A school-based
pertussis booster immunisation program is due to com-
mence in 2009, targeting children in year 10 who will be
aged around 15 years.

In recent months, the proportion of cases diagnosed using
polymerase chain reaction (PCR) has increased substan-
tially and the majority of cases are now diagnosed using
PCR rather than by serology. This is likely to reflect the

Communicable Diseases Report, NSW,
November and December 2008

For updated information, including data and facts
on specific diseases, visit www.health.nsw.gov.au
and click on Infectious Diseases or access the site
directly at: http://www.health.nsw.gov.au/public
health/infectious/index.asp.

Communicable Diseases Branch
NSW Department of Health

increased proportion of cases in younger age groups where
PCR-based diagnosis is typical and clinicians have
increased awareness of the availability and advantages of
PCR tests over traditional serological testing methods.

Key public health messages for pertussis have included
recommendations:
• to ensure that pertussis vaccines are given on time to

babies at 2, 4 and 6 months and the booster is given to
children at 4 years

• to inform the community about the adult booster
vaccine for parents and carers of babies and young
children, child-care workers and health-care workers

• to be alert for the clinical features of pertussis and
seek medical assessment promptly; early diagnosis
and treatment reduces the period of infectiousness

• to administer chemoprophylaxis to contacts where the
case is likely to have significant contact with at-risk
infants who are at greatest risk of severe disease.

Enteric diseases
In November and December 2008, NSW public health units
investigated 61 outbreaks of gastroenteritis, including 47
where person-to-person transmission was likely and 14 sus-
pected to be the result of foodborne transmission.

The 47 suspected person-to-person outbreaks affected a total
of 569 people. Twenty-four occurred in aged-care facilities
and affected 384 people, 11 occurred in hospitals and
affected 109 people, 10 occurred in child-care centres and
affected 66 people, and there were two outbreaks in other
institutional settings affecting 10 people. Clinical specimens
were submitted for testing from 21 of 47 (45%) suspected
person-to-person gastroenteritis outbreaks. Norovirus was
identified in five outbreaks. The causative agent was not
determined or reported for the remaining outbreaks.

Outbreaks suspected to be caused by food were commonly
reported in November and December. These 14 outbreaks
affected at least 146 people. Two of these outbreaks, where
more than 20 people were infected with Salmonella, were
associated with cakes containing raw egg mousse from the
same bakery. The eggs were traced back to a farm where
Salmonella was identified following an environmental
investigation by the NSW Food Authority. The same egg
farm was linked to a gastroenteritis outbreak earlier in
2008. Another Salmonella outbreak was related to deli
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meats purchased from a supermarket. Two outbreaks,
affecting 20 people, were caused by Clostridium perfrin-
gens in curry meals.

The remaining outbreaks were small, affecting three and
four people after restaurant meals. No pathogens were
detected in any of these cases. The sites of the outbreaks were
inspected and no known sources were identified.

Shiga toxin-producing Escherichia coli
and haemolytic uraemic syndrome
Shiga toxin-producing Escherichia coli (STEC) are bacte-
ria that can cause serious gastrointestinal disease charac-
terised by diarrhoea, which in some cases can be bloody.
In a small proportion of cases, STEC can progress to
haemolytic uraemic syndrome (HUS), which results in
kidney failure, bleeding and anaemia. Infections tend to
increase in the warmer months.1

In November and December 2008, NSW public health
units were notified of eight STEC (two serotype O157 and
seven of unknown serotype) and six HUS cases (three
were also STEC positive). Of the eight cases, ages ranged
from 2 to 75 years. Six were female and two male. The
HUS cases were in both children and adults over 40. This
number of STEC and HUS cases is consistent with the sea-
sonal increase seen at this time each year.

STEC infection can be transmitted through:
• eating contaminated food (undercooked hamburgers,

unwashed salad, fruit, vegetables and unpasteurised
milk or milk products)

• drinking or swimming in contaminated water

• person-to-person contact; for example, contact when
changing a nappy with the faeces of a child with the
infection

• contact with infected animals.2,3

The most important ways to prevent infection with STEC
and other foodborne diseases are to:
• cook hamburgers and sausages thoroughly to at least

71°C. Although colour alone is not necessarily a good
indicator, do not eat hamburgers or sausages if there
is any pink meat inside

• wash hands well after handling raw meat
• use different knives and cutting boards for raw meat

preparation and other food preparation
• wash raw vegetables and fruits thoroughly
• refrigerate perishable food until ready to eat – so that

bacteria do not incubate out of the fridge
• wash hands well after touching animals or their

faeces.

For more information see: http://www.health.nsw.gov.au/
publichealth/Infectious/a-z.asp
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Figure 1.  Reports of selected communicable diseases, NSW, January 2004 to December 2008, by month of onset.
Preliminary data: case counts in recent months may increase because of reporting delays.
Laboratory-confirmed cases only, except for measles, meningococcal disease and pertussis.
BFV, Barmah Forest virus infection; RRV, Ross River virus infection; lab conf, laboratory confirmed; 
Men Gp C and Gp B, meningococcal disease due to serogroup C and serogroup B infection; 
other/unk, other or unknown serogroups.
NB: Multiple series in graphs are stacked, except gastroenteritis outbreaks.
NB: Outbreaks are more likely to be reported by nursing homes and hospitals than by other institutions.
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Guest editorial
1 Climate change: an emerging health issue

Introduces the articles in this issue, describing the health
impacts of climate change and outlining some current
actions in response to this emerging health issue.

Anthony G. Capon, Elizabeth G. Hanna

5 Climate change and health: impacts, vulnerability,
adaptation and mitigation

Describes the public health implications of global climate
change for Australia and how strategies for mitigation and
adaptation can have direct co-benefits for the health of
individuals and communities.

Tord Kjellstrom, Haylee J. Weaver

10 Active travel: a climate change mitigation strategy 
with co-benefits for health

Summarises a number of NSW active travel initiatives as a
response to global warming and the increasing imperative
to change personal behaviour to slow the rate of 
climate change.

Chris E. Rissel

14 Functional foods and urban agriculture: two responses
to climate change-related food insecurity

Reviews two strategies for dealing with climate change-
related food insecurity and argues that civic and urban
agriculture presents an approach that is more connected
to factors affecting diet and health. 

Jane M. Dixon, Kelly J. Donati, Lucy L. Pike, Libby Hattersley

19 An extreme bushfire smoke pollution event: health
impacts and public health challenges

Describes the role of public health in determining the
health impact of smoke and the effectiveness of advisories
during a severe bushfire smoke event. 

Anthony Kolbe, Kim L. Gilchrist

24 Urbanism, climate change and health: systems
approaches to governance

Argues for systems approaches and holistic urban
governance to effectively address health impacts of
climate change and other problems such as the 
obesity epidemic. 

Anthony G. Capon, Emma S. Synnott, Sue Holliday

Bug Breakfast in the Bulletin
29 Hepatitis A: Wallis Lake revisited

Katina Kardamanidis, Stephen J. Corbett, 
Anthony P. Zammitt

Communicable Diseases Report, NSW
31 November and December 2008
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