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Climate change presents the biggest threat to human health in the 21st

century. However, many public health leaders feel ill equipped to face the

challenges of climate change and have been unable to make climate change

a priority in service development. I explore how to achieve a regionally re-

sponsive whole-of-systems approach to climate change in the key operational

areas of a health service: service governance and culture, service delivery,

workforce development, asset management, and financing. The relative neglect

of implementation science means that policymakers need to be proactive about

sourcing and developing models and processes to make health services ready

for climate change. Health research funding agencies should urgently prior-

itize applied, regionally responsive health services research for a future of

climate change. (Am J Public Health. 2011;101:804–813. doi:10.2105/AJPH.

2010.202820)

Climate change has emerged as the biggest
global health threat of the 21st century. That
finding was published in a watershed 2009
article in The Lancet,1 a study that analyzed the
global health implications of the summary work
of the Intergovernmental Panel on Climate
Change.2,3 The Lancet piece1 is supported by
more than10000 articles on the health effects of
climate change published in other leading jour-
nals, such as BMJ, Nature, and JAMA.4---6 Over the
last 10 years a raft of books7---10 on the subject
have also been published, offering detailed dis-
cussions of the public health implications of
climate change. The health effects of climate
change are also the subject of ongoing work for
the Global Environmental Change and Human
Health project.11

Many people are now familiar with the
attribution of extreme weather events to cli-
mate change and the direct health effects of
these events: death, injuries, and problems with
water and food security caused by heat waves,
droughts, flooding rains, and cyclones.12,13

Less familiar––but increasingly well documented
in the literature––are the indirect health effects of
climate change. These include changes in the
distribution of insect-borne diseases, such as Ross
River virus14; increases in conditions linked to
changes in the distribution and seasonality of
plant allergens, such as asthma15; and mental

health issues linked to extended drought.16 Cli-
mate change research has also frequently iden-
tified vulnerable groups who may be differently
affected by climate change, often within socio-
economically disadvantaged populations, such as
older citizens or indigenous peoples.17

However, many key issues involved with
translating the climate change literature into
health services and workforce development
have been neglected. Even relatively affluent
nations lack policy frameworks and regional-
level evidence that can equip health policy-
makers to make the translation from big-picture
climate change issues to on-the-ground regional
service development. The United States has
contributed the vast bulk of climate change
research, together with other developed coun-
tries such as the United Kingdom, Canada, and
Australia. However, most public health lead-
ers in the United States feel unprepared for
climate change and ill equipped to make the
necessary service adaptations,18 despite the
recent rapid proliferation of national service-
oriented policy guidelines, such as the US Cen-
ters for Disease Control and Prevention’s CDC
Policy on Climate Change and Public Health19

and the UK Department of Health’s The Health
Impact of Climate Change: Promoting Sustainable
Communities.20 Australia has prioritized invest-
ment in research that can inform national

planning for climate change, and the government
has a human health and climate change National
Adaptation Research Plan,21 but little is known
about changing regional health needs and the
related changes to local health care infrastructure
that will likely be needed.21,22

BARRIERS TO TRANSLATING
RESEARCH INTO SERVICE
DEVELOPMENT

The knowledge translation literature––from
the 1995 publication of Rogers’ diffusion the-
ory23,24 to more recent work by Nutley et al25––
suggests that there are many complex reasons for
the poor translation of the climate change re-
search into regional health service development.
As seminal policy analysts such as Tesh,26

Stone,27 and Majone28 have argued, policymak-
ing occurs in a context of conflicting values,
warring interest groups, and strategic political
considerations. Recent work at the ‘‘science in
society’’ end of climate change research––notably
Dessler and Parson’s book The Science and
Politics of Climate Change29 and Hulme’s Why
We Disagree About Climate Change30––pointed to
the complexities (and crude realities) of climate
change policy debates in which the values of
scientific objectivity collide with narrow eco-
nomic interests.

However, the barriers to translating climate
change research into service development stem
not only from politics, economics, and values.
Studies of research translation also have sug-
gested that such barriers can be related to the
quality and relevance of evidence (i.e., the
failure of research to engage with the evidence
needs of local policymaking contexts).31,32

Dessler and Parson pointed out that climate
change science has had much less to say about
regional-level impacts (i.e., complex interactions
between local climate effects, human systems and
activity, and local ecologies).29 Climate change
and health research generally has been defined
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by epidemiological, quantitative methodologies
that have been used within a paradigm relat-
ing climate change causes to health effects. In
such a paradigm, deciphering implications for
more localized policy and service development
is difficult. Epidemiology has not yet developed
a satisfactory approach to evaluating what it
calls ‘‘neighborhood effects’’ since the problem
was first elaborated in Susser’s foundational
work, Causal Thinking in the Health Sciences,
which explored the wider environmental or
ecological contexts of health.29,33---35

Methodological issues aside, studies of re-
search translation also suggest that barriers to
research uptake may be related to real but
unacknowledged differences between what
policymakers need and what climate change
researchers think they need.32 The shape of
climate change research has also been defined
by perceptions within the scientific community
and leading journals about which priorities are
most pressing and how they should be commu-
nicated. For example, many recent articles in The
Lancet attend to the pressing need to sell the
public health benefits of mitigation36---40 and
address broad population health policy is-
sues,41,42 rather than the more qualitative oper-
ational questions of how health services them-
selves will need to be developed. In the context
of a perceived global emergency, scholarly re-
search demonstrating the health costs of climate
change has been more concerned with persuad-
ing global communities to unite to address
the global causes of climate change but has not
necessarily offered local communities ways of
coming together to minimize the local health
consequences.

Without intervention, the research market is
unlikely to correct this evidence gap or the
related situation of policymakers being unsure
of how to respond to climate change in their
specific regions. Within the health sciences,
health service research remains a marginalized
area of inquiry. By far the largest contributor
to health research is the United States, which
has doubled its biomedical health research
expenditure since the middle of the 1990s,
although only a minute amount of this research
(1.5% in 2002) focused on health services.43

Climate change consulting is now one of the
fastest-growing subsectors of the lucrative eco-
business sector, but the attention there has
been focused on carbon-emissions advice rather

than training policymakers and other profes-
sionals in the public sector.44 Scrutiny of the
undergraduate and graduate offerings at univer-
sities in the developed world suggests that eco-
logical topics are included in some public policy
courses; for example, the Master of Public Health
program at Harvard University has core require-
ments in environmental health sciences, and the
Masters in Climate Change at the Australian
National University has a strong applied-policy
orientation. Yet the work of educating and training
health policymakers remains largely undone.

THE ROLE OF HEALTH SERVICES
AND HEALTH SERVICES RESEARCH

The lack of service-oriented research to
drive regional health service development for
climate change has implications that are po-
tentially very serious. An inability on the part of
services and systems to meet health needs
brought about by climate change will lead to
increased injuries, impaired quality of life, and
loss of life. In 2002, the World Health Orga-
nization45 estimated that climate change was
responsible for around 154000 deaths world-
wide, and not just in vulnerable populations in
the developing world. For example, an estimated
6% of cases of malaria in middle-income coun-
tries and 7% of dengue fever cases in industri-
alized countries can be attributed to climate
change.45 Without regionally responsive re-
search on how local conditions are shaping the
rising health burden of climate change in partic-
ular regions, public health leaders in the 21st
century cannot minimize the direct and indirect
health effects of climate change.

The health effects of climate change are not
simply caused by climate change as such; they are
a result of the ways in which local conditions––
including a lack of health services––interact with
global forces to produce these health effects.
Accounts of the health effects of climate-influ-
enced disasters suggest that a lack of adequate
responses and services in the disaster setting
is often a necessary (but not sufficient) cause
of the health consequences of such events,
particularly for vulnerable groups. For exam-
ple, many low-income people were trapped
during Hurricane Katrina because the hurri-
cane occurred at the end of a pay period, and
they could not afford the bus fare out of New
Orleans.1,46 A lack of adequate gender-sensitive

trauma services to deal with the disaster-related
rape of economically disadvantaged women after
Hurricane Katrina also contributed to the
heavy indirect health burden of this disaster.47

A year after the hurricane, many hospitals in the
New Orleans area were still closed, contributing
to a wide range of long-term health care prob-
lems, particularly for the poor and uninsured.48

In appropriate services can also contribute to
the health burden from climate change. For
example, research conducted in the aid-de-
pendent island microstate of Niue offers evi-
dence that development of services without
adequate community consultation can actually
impair the capacity of indigenous communities
to adapt to climate change by undermining
their traditional governance mechanisms, ulti-
mately making them more climate-vulnera-
ble.49

Without regionally responsive service-
oriented research, many of the health risks
of climate change might even be overstated
for particular regions. This overstatement can
be seen in the case of malaria, which recent
research has shown not to be increasing,
contrary to what might be intuitively expected
as a result of global warming. Part of the
explanation has to do with the effectiveness of
public health measures such as medications,
insecticides, and bed nets. Epidemiological
models that have not taken local service de-
livery factors into account are now thought to
have produced faulty predictions, particularly
for well-resourced developed countries. Thus,
in a world affected by human activity, malaria
and other vector-borne diseases may be con-
sequences of climate change, but not in any
simple or direct manner.50---52

I intend here to address the emerging chal-
lenge of how to understand and prioritize
regional health service development for cli-
mate change. I build on the work of researchers
who have attempted to translate the scientific
climate change literature into public policy
responses53 as part of a focus on adapting to
climate change, not just mitigating it. Adaptation
is defined here as responses by health services
that are aimed at reducing the rising health
burden of climate change. Mitigation is defined
as responses by health services aimed at re-
ducing greenhouse gas emissions––a cause of
climate change––to slow global warming. Re-
gional policy in this context refers to public
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health actions for climate change adaptation and
mitigation at the community, municipality, state,
and provincial levels. A health service is a multi-
dimensional entity comprising many different
interacting elements that may have human and
cultural dimensions as well as technological,
spatial, and material dimensions.54

THE WHOLE-OF-SYSTEMS POLICY
RESPONSE TO CLIMATE CHANGE

For health service development in a context of
climate change, I propose a model that comprises
5 areas or domains of health services: gover-
nance and culture, service delivery, workforce
development, material infrastructure, and fi-
nance. Figure 1offers definitions of each of these
5 key domains, which together constitute the
whole-of-systems approach to climate change.

Of course, our definitions of the scope of
health services reflect our values. Evans and
Stoddart reminded us of this fact, recalling
a long tradition of research into the socioeco-
nomic determinants of health, to argue that
the boundaries of health are not politically
neutral.55 The whole-of-systems approach de-
scribes health system responses in terms that
involve a wide range of health and community
services that could feasibly be part of whole-
of-government or even whole-of-community
responses to climate change. This approach
includes strategic, political, and economic re-
sponses, not just narrow health interventions.
Without such whole-of-system approaches to
delivering services for climate change, it is
difficult to see how health services can
bring about key outcomes for climate-
vulnerable populations.

A strength of the whole-of-systems approach
is that it highlights a wide range of interactive
factors and pathways that need to be consid-
ered. Yet how should priorities for specific
policymaking contexts be developed? This de-
velopment will likely require the involvement
of policymakers who understand both the
big-picture possibilities of health service adap-
tation and the details of feasible regional
priorities that have local community support.
Accordingly, I first identify a wide range of likely
necessary responses to climate change under
each of the 5 service-development areas. Then I
extrapolate from those broad understandings to
describe the practical steps that might be in-
volved in identifying regional policy priorities.
The challenge of anticipatory climate change
policy is to identify what needs to be added to
existing public health policies and priorities.

Governance and Culture

The climate change literature suggests that
the governance and culture of health services
will need to adapt to meet the demands of
climate change. Health policymakers will
need to understand the possibilities of adap-
tation (and mitigation) through governance
that uses a variety of mechanisms––legisla-
tive, technical, educational, advisory, cultural,
and behavioral. For example, in regards to
climate-sensitive waterborne diseases, gov-
ernance will need to be exercised in the
following ways:

d legislative and regulatory development to
ensure appropriate water quality, using such
instruments as the United Nations’ Protocol
of Water and Health56;

d the management of information systems,
such as computerized early-warning systems
for epidemics of waterborne diseases;

d educational and advisory systems such as
policy and practice networks for disseminat-
ing clinical guidelines for the management of
waterborne diseases; and

d community health and social service agencies
that can encourage people to adopt safe
behaviors for storage, handling, and con-
sumption of water.57

In particular, policymakers will want to
consider adapting approaches to managing risk
and uncertainty to meet the regional challenges
of climate change.5,13 Risk management is an
interdisciplinary skill, and risk assessment forms
a sprawling body of applied and scholarly liter-
ature. Much of the decision support for policy-
makers in the area of risk management has
focused on identifying ways to minimize and
control existing and possible risks, such as de-
veloping better understandings of risk. The risk
management literature also offers ways to con-
ceptualize and map uncertainty as part of the
growing science of decision-support modeling,
which involves elucidating the nature, level, and
sources of uncertainty.58

Clearly, a key task of developing climate
change---ready service governance and culture
is to assess and develop effective mechanisms
for managing risks and uncertainties associated
with climate change. This task is central in
emerging applied research by health agencies
around the world (i.e., the 2008 Health Canada
report Human Health in a Changing Climate:
A Canadian Assessment of Vulnerabilities and
Adaptive Capacity).59 Risk management for

FIGURE 1—Definition of a whole-of-systems approach to developing health services for climate change.
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climate change can be developed using existing
national and international standards for risk
management as a point of departure, such as BS
6079-3:2000,60 ISO 31000:2009,61 and En-
terprise Risk Management––Integrated Frame-
work.22,62 Health impact assessments have been
used to assess and manage the community health
risks of an intended action that has environ-
mental implications, such as road construc-
tion.63---65 Researchers have recently recognized
that health impact assessments can be used in
assessments of the regional-level health impacts
and risks of climate change, and some have
called for their further development for this
purpose.66 The World Health Organization has
not yet released a model for this application, but
there are some important early examples of
this kind of applied research, including a major
scoping health impact assessment for the state
of Victoria in Australia to identify climate-vul-
nerable populations and related health service
issues.67

The management and use of research to
respond to regional-level climate change will
thus be a particular challenge for policymakers
in a context of climate change. For example, it
will become increasingly critical to be able to
translate applied research from international
collaborative agencies such as the World
Health Organization and the United Nations, as
well as scholarly literature, into well-developed
regional-forecasting research infrastructures.
Research infrastructure will need to be man-
aged to ensure that it has a strong translational
orientation to facilitate futures-oriented policy
development with a regional focus. Governance
for climate change will also involve establishing
effective feedback loops for policy, to ensure
timely delivery of information about whether
climate change policy is working.

A key task of governance for climate change
is to develop effective plans. The United Na-
tions Framework Convention on Climate
Change has found that even developed coun-
tries lack adequate planning for extreme
events. For example, one third of cities in the
United States that are vulnerable to heat events
have been found to lack any written heat-event
plans.57 Such plans will most likely need to
encompass multiple goals for both mitigation and
adaptation. This approach is modeled in such
documents as the recent Heat Health Action Plans
from the World Health Organization, which

focuses on prevention through a variety of
adaptation mechanisms, including regulatory
mechanisms for building infrastructure; educa-
tional and advisory governance mechanisms,
such as meteorological early-warning systems
and clinical guidelines for health practitioners;
and population health interventions for behav-
ioral adaptations, such as recognizing the signs of
heat stress.68 Accordingly, plans for managing
the health effects of climate change will ideally
integrate different kinds of adaptation mecha-
nisms to model regionally responsive whole-of-
community approaches.

An example of the critical importance of
well-developed regional planning for climate
change is the bushfires tragedy that took place
in Victoria, Australia, in which 173 people
perished in 12 fires on February 7, 2009. The
record-breaking heat-wave conditions on that
day––in the city of Melbourne the temperature
reached 46.4°C––followed a period of ex-
tended drought with near-record low amounts
of rainfall. The behavior of the fires was un-
precedented:

[flames] leapt 100 m into the air, generating heat
so intense that aluminum road signs melted. The
plume of the fires created a convection effect that
generated winds so strong that trees appeared to
have been screwed from the ground.69(p12)

The August 2009 interim report of the
Victorian Bushfires Royal Commission69 rai-
ses concerns about how well local, state, and
national government agencies had integrated
evidence-based risk management, including
early-warning systems, to ensure that people
were willing and able to act upon those warnings.
For example, 80% of calls to the Victorian
Bushfire Information Service on February 7
went unanswered.69

For other countries, such findings, coming
from a wealthy nation that has long experience
of bushfires, should be a sobering warning.
Beyond Australia, wildfires feature in the work of
futures-oriented organizations set up by proac-
tive regional governments, such as the California
Climate Change Research Center.70 However, in
many regions in the United States and other
countries where catastrophic wildfires present
a major threat, little evidence exists that lessons
from scholarly and applied research are being
translated into comprehensive regional planning.

At the time of this writing, Australia was
dealing with further climate-influenced loss of

life and livelihoods as a result of catastrophic
flooding caused by heavy rainfall. An area the
size of France and Germany combined has
been affected by flood waters moving in sheets
tens of kilometers wide. Thirty-five people have
died, tens of thousands of homes have been
damaged, and billions of dollars of damage
have been done to community infrastructure,
agriculture, and mining. Indirect effects on food
security and mental health will be major. At the
domestic level, the Australian floods of 2010
to 2011 have highlighted the importance
of regional-level planning and risk manage-
ment, particularly through local government
agencies. Internationally, these floods also
point to the critical importance of sharing
lessons about such regional-level governance
approaches.

Service Delivery

Many complexities are involved in develop-
ing programs and interventions for a world
whose climate is changing, mostly relating to
managing uncertainty. For example, a number
of diseases not previously thought to be climate
sensitive, such as chicken pox, have now
been identified as climate sensitive.71 In addi-
tion, climate change will interact with many other
factors in unpredictable ways as ecosystems fail
and are reshaped by climate change.5,6,9,13,72

For these reasons, policymakers who rely on
static assumptions about diseases, their causes,
and implications for health service delivery
cannot scope out a definitive set of climate-
relevant service-delivery issues.

However, service-delivery issues for target
areas can be modeled by extrapolating from
maps of the direct and indirect consequences of
climate change developed using the risk man-
agement tools and processes referred to in the
Governance and Culture section. Regional
risk profiles will need to be established to assess
the likely nature of immediate events, such as
extreme weather events, as well as long-term
health effects stemming from changes in air
quality and ozone depletion. The capacity of
services to meet shifts in the nature and
distribution of infectious diseases such as
cholera,13 as well as animal and vector-borne
diseases such as malaria,73 will be central to such
risk profiles. These profiles will ideally emphasize
adapting existing interventions and services so
that climate change considerations can be
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integrated into the health care system in cost-
effective ways.

A critical concept in adapting service de-
livery to climate change is the concept of
climate-vulnerable populations.6 Policymakers
will need nuanced information about how cli-
mate change is differently affecting indigenous
populations, older citizens, children, people living
with disabilities, and other groups. The adaptive
capacity of such groups can be assessed as
part of a participatory approach to policy de-
cision-making that involves members of those
groups in the development of service responses
to climate change.59 To achieve this participative
approach, Minkler and Wallerstein offered key
regional-level, community needs---mapping tools
for vulnerable populations in their edited collec-
tion Community Based Participatory Research
for Health.74 Policymakers can adapt action re-
search approaches, such as participatory ap-
praisal of needs and development of action,75---77

to involve vulnerable groups in planning and
intervention development at the more localized
level (not just risk assessment).

Another tool for pre-emptive policy action
involving the community is Q-methodology,78

a multistep, mixed qualitative---quantitative ap-
proach for identifying and mapping community
values and views on a particular policy option.
Q-methodology can be adapted for community
consultations that help identify and map key
climate-vulnerable groups, their needs, and their
views on appropriate interventions. Solutions will
also need to include public health education
programs that can help build the adaptive
capacity of local communities, particularly for
vulnerable populations.

Such participative approaches are already
being used to develop climate-ready services
for Canada’s northern aboriginal popula-
tions.79 Loss of access to food resources and
accidents because of ice thinning are affecting
these populations, who use sea ice to access
wildlife resources and travel between communi-
ties during winter months.79 Although indige-
nous people too often must deal with unequal
health outcomes and inequitable access to health
care services, early Canadian research79 sug-
gests they also have considerable potential to
adapt to climate change. Their observations of
changes in their natural environment can also
greatly enhance scientific research into the re-
gional effects of climate change.

Workforce Development

The importance of workforce development
for climate change is increasingly being un-
derstood. For example, climate change has
featured in the Global Health Workforce Alli-
ance’s efforts to build policy frameworks for
workforce development.80 Sentinel organiza-
tions such as the World Medical Association are
making public statements about the need for
better education and training for doctors facing
the challenges of climate change.81 Some coun-
tries are now reexamining health and allied health
workforce policy and planning with considera-
tion of climate change or are reworking climate
change planning to include health workforce
development. For example, Australia’s national
adaptation research plan for climate change and
human health emphasizes workforce develop-
ment for climate change as a critical priority.21

At least 3 elements of workforce develop-
ment are necessary to ensure an effective
response to climate change:

d undergraduate through postgraduate training
in health and allied health professional
courses,

d professional development of the existing
health and allied health workforce, and

d professional development of public health
policymakers and their staff.

In relation to undergraduate and postgrad-
uate education and training, there are working
models for how to integrate ecological consid-
erations, including climate change, into the
curriculum.82,83 An emerging body of literature
exists, exploring how to include climate change in
education and training systems, such as through
accreditation mechanisms.84 With regard to
professional development of existing health
practitioners, health professional groups are in-
creasingly offering guidance concerning key di-
rections,85 and short courses are offered by
national professional associations such as the
UK Royal College of Physicians. Existing systems
and learning models must be adapted and ex-
tended, rather than reinvented.86 Yet climate
change remains largely not integrated into un-
dergraduate, postgraduate, and continuing pro-
fessional development for health professionals.

The evidence for professional development
of public health policymakers and their staff in
government agencies is equally scarce.

Available public health training opportunities
for climate change tend to focus on a discrete
disease area. For example, the US Institute of
Medicine of the National Academies has orga-
nized public workshops on the possible infec-
tious disease impacts of global climate change.87

Such learning opportunities tend not to address
the whole-of-service operational development
challenges that regional policymakers face.

The blind spot in workforce development for
climate change is thus the whole-of-systems
focus for regional contexts. What can regional
policymakers do to make education and training
more responsive to regional climate change
issues? Education and training are often
shaped by standardized national and interna-
tional content. However, the importance of
policymakers collaborating with workforce or-
ganizations in their own regions should not be
understated. Considerable scope exists for in-
dividual medical, nursing, and allied health
professional schools to include climate change
in their interpretations of national curricula
and standards. For instance, they could imple-
ment problem-based learning through the use
of case-based scenarios.86,88 Policymakers can
also recruit consultancy services to deliver local
training packages developed using the results
of regional risk assessment exercises. They can
further share their health risk assessment find-
ings with national agencies setting standards and
developing curricula for the health professions.
They can also support design of materials
that help develop the carbon literacy and
numeracy (i.e., knowledge about carbon
emissions) of patients.

Material Infrastructure

In many regions, health care infrastructure––
the built environment of health services––has
not been designed to withstand extreme
weather events or to contribute to the mitiga-
tion of climate change. Yet in a context in which
many health services are publicly funded to
serve the common good, an argument could be
made that health services providers have
a particular responsibility to be proactive in
mitigating climate change.

In line with the United Nations Framework
Convention on Climate Change, development
of health care infrastructure should take both
mitigation and adaptation responses into ac-
count.22,57 For example, mitigation efforts can
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draw on the Council of the European Union’s
Emissions Trading System and Energy Perfor-
mance of Buildings Directive in amended form89

as part of ensuring that health systems meet their
best-practice mitigation obligations.

The most comprehensive national model of
mitigation for health care services is the UK
National Health Service (NHS) carbon-reduction
strategy for England, Saving Carbon, Improving
Health, published in 2009.90 This model is
supported by detailed carbon footprinting anal-
yses,91 and it suggests the political complexity of
carbon reduction in the health care sector, which
is susceptible to policy shifts by changing gov-
ernments. For example, procurement of supplies
contributes to 60% of emissions from the health
care sector, and emissions from procurement
of pharmaceuticals account for around one
fifth of emissions for the NHS in England
(comparable with carbon emissions from travel
or building energy use). However, carbon-re-
duction strategies are relatively poorly developed
for pharmaceutical procurement.91 There are
also some accessible working models for health
service mitigation, such as green hospitals92 and
green clinics for family practices.93 However,
as yet no sound evidence base exists for the
comparative effectiveness of different mitigation
models for health services.

Better health infrastructure planning must
be developed to deal with such events as heat
waves, water-supply problems, and flooding.
These challenges may involve such problems
as a lack of power supply to affected areas. An
important facilities research article by Carthey
et al.22 suggested that meeting the challenges
of climate change will involve review and de-
velopment of relevant infrastructure guidelines
such as building codes, as well as guidelines for
architectural designs and land-use planning.
Addressing climate change will also involve
review and development of procedures for
maintenance of building equipment, such as air
conditioning, and building infrastructure, such
as roofs and downspouts. Climate change will
also pose challenges for environmental manage-
ment of areas adjacent to health facilities, de-
velopment and management of transport and
road facilities, and planning for better use of
other public spaces in case of such public health
emergencies as flooding.22

Here, as elsewhere, generic knowledge
about how to respond to the infrastructure

challenges of climate change has to be supple-
mented with detailed information about the
needs climate change will cause in a particular
region. As Carthey et al. pointed out, temper-
ature modeling is currently accurate to
300·300 kilometer grids and is not oriented
to risk assessments for a particular major
critical hospital facility in a built-up urban
area.22 They advocate using tools such as the
Australian risk and opportunity management
system94 as a basis for developing a participative,
regional focus in risk-management and solutions-
finding exercises.22

The most important step in preparing health
care infrastructure for climate change lies in
ensuring that asset-management staff are
properly trained and aware of the implications
of climate change for facilities management
in the future. For example, they will need to
understand adaptation technologies for water
supplies57 in contexts in which local communi-
ties may face severe water restrictions. Develop-
ment of asset-management skills for climate
change will require more than extrapolation
from existing models and knowledge. As the
United Nations Framework Convention on Climate
Change has outlined, hazard mapping and in-
frastructure development will need to emphasize
vulnerability-based assessments rather than pre-
vious experience, including the use of data from
probabilistic computer modeling.57

Finance

A growing body of literature can inform
regional policy considerations having to do
with financing health care in a context of
climate change. Existing approaches to policy
decision support that rely on cost-effective
modeling95 can be adapted to account for the
opportunity cost or true cost of a mitigation or
adaptation option, taking into account the cost of
forgoing another mitigation or adaptation option.
The financial performance of regional health
care services in terms of carbon offsetting will be
important policy information, requiring new
applications of traditional financial reporting
methods for health care services. Policymakers
will need to develop comparative systems anal-
yses,96 including analyses gauging financial
performance, to support decisions about the
value of mitigation and adaptation interventions.
A complex range of information, both
quantitative and qualitative, will be important in

ensuring that, for example, adaptation strategies
for vulnerable populations are considered in
terms of their economic value.

A key priority is the development of busi-
ness plans and business models for the health
care sector that account for mitigation and
adaptation situations. The financial analysis
literature for climate change indicates the
importance of planning for and monitoring
likely climate-sensitive shifts in health care
demand in both the public and private sec-
tors.97 Such policy decision support can be
informed by adapting existing approaches to
market share analysis of health services,98 an
important new frontier of health policy research.
Available models for producing adaptive im-
provements in the financial performance of hos-
pitals96 can also inform approaches to ensuring
that the health care services of the future are
sustainable both ecologically and economically.

Such business plans and models can trans-
late the recommendations of the Stern report
on the economics of climate change99 into
multilevel regional approaches to health care
financing in a world of climate change, such as
regulation, including regional procurement poli-
cies oriented toward carbon reduction; policies
that support innovative, regionally responsive
financing approaches; financial incentives lead-
ing to better regional use of low-carbon tech-
nologies; removal of regional-level financial bar-
riers to energy efficiency; and regional-level
education and information about financial as-
pects of climate change.

Signs indicate that the health sector is mov-
ing in this direction in at least some countries.
For example, the Sustainable Development
Unit of the NHS is now developing a systematic
approach to mitigation, underpinned by legis-
lation and policy.90 The unit has produced
guidelines100 for NHS commissioners that advo-
cate a whole-systems, evidence-based approach
to operating the NHS. These guidelines include
procurement procedures that calculate emissions
using top-down input-output analytical method-
ology, approaches to energy consumption in
which emissions can be calculated from data
provided by staff at NHS facilities, and calcula-
tion of travel-related emissions on the basis of
travel surveys and business mileage.100 The
resources produced for health commissioners
include a series of marginal abatement cost
curves that model the carbon and financial
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Strategies for Development of 5 Key Health Care Service Areas for Climate Change

Governance and culture Plan for use of different mechanisms for adaptation—legislative, technical, educational and advisory, cultural, and behavioral.

Service delivery Map direct and indirect health effects using risk management tools; involve climate-vulnerable populations in developing service responses.

Workforce development Develop undergraduate, postgraduate, and professional development systems, including those oriented toward health agency leadership.

Material infrastructure Educate and train asset management staff to use generic and regional information as part of implementing risk management tools.

Finance Adapt economic decision-support approaches and develop business plans and models for mitigation and adaptation.

Practical Steps to Identify Specific Regional Policy Priorities for the Development of Health Care Services for Climate Change

1. Method identification

d Identify possibly useful risk management tools (considering standard risk-management tools and health impact assessment tools),

guidelines, and models.

d Collect information helpful in assessing how well these risk-management tools, guidelines, and models fit the needs of the local context.

d Establish a stakeholder reference group of multidisciplinary experts, from service providers to climate change scientists, to ensure

regional knowledge translation and implementation.

2. Method modification

d Modify risk-management tool to include scope for collecting data on regional-level health risks and possible service developments

under the 5 service development domains.

d Use both quantitative and qualitative data-collection methods, supplementing quantitative data with observational case studies and

interviews with local experts.

d Use community consultation methods to ensure a focus on the needs of climate-vulnerable groups, such as children and older citizens as well

as the socioeconomically disadvantaged.

d Include scope to collect data on the wider pragmatic determinants of policy, such as strategic and economic considerations relevant to service

development options.

d Work with stakeholder groups to collect trial data and refine data-collection methods.

3. Data collection

d Implement tool through stakeholder reference group.

d Involve a wide range of health and allied health services in data collection.

d Include policymakers and others who can offer accounts of sociopolitical and economic barriers to implementation of any service adaptation

options, as well as strategies for overcoming these barriers.

d Collect a wide range of supplementary comparative information, such as known benefits and costs of different adaptation (and mitigation)

responses in other systems (in other countries and in the same region).

4. Development of data analyses

d Analyze data to identify priority areas of risk and adaptation (as well as mitigation) under each of the 5 service development areas.

d Use epidemiological and narrative analyses to obtain information-rich findings about the local context.

d Invite the stakeholder reference group to review data analyses and provide information on likely lag times of any effects as well as bias

introduced by participant populations.

d Audit regional findings obtained in this way against local health plans and developments to determine which priorities need to be added to

existing public health policies.

d Analyze best-practice implications of regional findings in the light of existing guidelines and models for achieving adaptation and mitigation,

to help decide what is best practice for this region.

5. Development of service priorities

d Develop a user-friendly, written regional impact statement with policy priorities, working with the stakeholder reference group to include: risks

for identified groups; likelihood of specific negative (and positive) health outcomes; key health service adaptation and mitigation options for

managing each risk, given under the 5 service development domains; cost-benefit analyses of each adaptation and mitigation option, including

the costs of inaction; and strategic and political considerations important to the implementation success of the priority adaptation options.
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savings from various carbon-reduction measures
and provide ideas about how money can be
saved and sustainability improved.101 The NHS
Sustainable Development Unit emphasizes the
emerging nature of such metrics for sustainability
and the importance of regional policymakers
taking a proactive approach to developing them
further for their own purposes.100 Such ap-
proaches should include consideration of the
future costs of inaction for specific regional com-
munities, in accordance with the Stern report.99

The mitigation experiences of the health
care sector to date suggest that the costs of
implementing carbon-reduction strategies can
be offset by recurrent savings. For example, at
Westmead Hospital in New South Wales in
Australia, a lighting upgrade that cost approx-
imately $2 million has saved approximately
$300000 each year, leading to an anticipated
net financial benefit after 7 years. Such ac-
counts suggest that a 25% reduction in energy
consumption is readily achievable, with lighting
upgrades delivering a swift 10% reduction.102

REGIONAL-LEVEL IMPLEMENTATION

The first box on the previous page summa-
rizes the main strategies for each of the 5 key
dimensions of health care service development.
Clearly, policymakers will need to tailor
policy to suit specific regional needs for adap-
tation and mitigation. How should the strate-
gies in the box be translated into specific policy
priorities for a particular region? The second
box on the previous page summarizes the
practical steps that policymakers could take to
identify specific regional priorities for antici-
patory health policy for climate change. It
includes an emphasis on the sociopolitical
contexts in which regional policymaking oc-
curs, and it emphasizes facilitating knowledge
transfer in a context in which many of the main
lessons of extreme events have not been
well-translated into regional-level responses.

In a context in which many health care
systems are internally fragmented and are
poorly integrated with sectors and agencies
beyond health care, what institutional mecha-
nisms are available to take these steps? The
answer will depend on the local context. The
prerequisite for filling this role is the capacity to
design and implement highly participatory
action research, in order to create a 2-way

street for knowledge transfer between local
and global contexts. Some regional health
authorities and regional universities may be
able to lead such action research projects, but
new mechanisms for achieving regional-level
health responses to climate change should not
be neglected. In some countries, such as the
United Kingdom and Australia, local govern-
ments are emerging as regional health leaders
for climate change. For example, the Australian
government’s Climate Change Adaptation Ac-
tions for Local Government103 includes develop-
ment of health services as a key way in which
local governments can help their communities
adapt to climate change. Regional health risk
assessment for climate change is beginning to be
included in the work of some local governments
as part of the Australian government’s Local
Adaptation Pathways Program.103 Health poli-
cymakers and climate change researchers may
be more effective working through such local
community agencies.

CONCLUSIONS

The urgent task of ensuring adequate health
care responses to climate change involves
much more than giving regional policymakers
access to the main findings of climate change
research. Much of the climate change literature
does not offer an evidence base for managing
the specific challenges of regional service de-
velopment that policymakers now face. The
climate change literature tells policymakers
about big-picture health consequences but
does not offer nuanced information about
likely regional health service needs. Nor will
national guidelines offer the kind of nuanced,
contextually rich information essential to re-
gional service development for a world in
which the climate is changing.

The implementation science of making
health care services climate ready is only
beginning to emerge as a discrete area of
research endeavor. Accordingly, policymakers
will need to develop and adapt approaches that
can help make services climate ready, includ-
ing those that address regional research in-
frastructure. However, the most urgent task for
policymakers may be to insist that elite health
research funding agencies urgently prioritize
regionally specific applied research for climate-
responsive policy and services development.

Approaches that unite local communities to
find local solutions are needed now. j
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