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Abstract: Climate change is likely to have significant implications for human health,
particularly through alterations of the incidence, prevalence, and distribution of infectious
diseases. In the context of these risks, governments in high income nations have begun
developing strategies to reduce potential climate change impacts and increase health
system resilience (i.e., adaptation). In this paper, we review and evaluate national-level
adaptation planning in relation to infectious disease risks in 14 OECD countries with
respect to “best practices” for adaptation identified in peer-reviewed literature. We find a
number of limitations to current planning, including negligible consideration of the needs
of vulnerable population groups, limited emphasis on local risks, and inadequate attention
to implementation logistics, such as available funding and timelines for evaluation. The
nature of planning documents varies widely between nations, four of which currently lack
adaptation plans. In those countries where planning documents were available, adaptations
were mainstreamed into existing public health programs, and prioritized a sectoral, rather
than multidisciplinary, approach. The findings are consistent with other scholarship
examining adaptation planning indicating an ad hoc and fragmented process, and support
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the need for enhanced attention to adaptation to infectious disease risks in public health
policy at a national level.
Keywords: climate change; adaptation; public health; infectious disease; high income nations;
adaptation evaluation

1. Introduction
Climate change has been identified as the biggest global health threat this century, with a variety of
direct and indirect impacts projected [1]. Changing temperature and precipitation regimes are expected
to increase the probability, duration and severity of extreme weather events (e.g. flooding, storms), to
increase the risk and incidence of some infectious diseases (e.g., malaria), and to affect food and water
security [2–12]. These impacts will be exacerbated by social, economic, demographic, and other
environmental stressors, including poverty, water and air pollution, land use change, economic
development, population growth, and changing migration patterns [9,13–16], with the elderly,
children, and other socially and economically disadvantaged populations particularly vulnerable [1].
While developing nations, particularly the Least Developed Countries (LDCs) and Small Island
Developing States (SIDS), are widely believed to have the highest vulnerability to climate change,
high income nations are also vulnerable, a fact evident in morbidity and mortality documented during
recent climate-related disasters (e.g., the 2003 European heat wave, hurricanes Katrina and Sandy,
record-breaking Australian wildfires, Alberta flooding) [17–24].
In light of the risks posed by climate change, and existing vulnerabilities to climate-related health
outcomes, adaptation has emerged as a key focus of climate policy. Adaptation refers to policies,
measures and strategies designed to reduce climate change impacts and foster resilience, a concept
analogous to the population health notions of primary, secondary and, at times, tertiary
prevention [13,19,23,25]. Within a climate change adaptation context, primary prevention would imply
reducing potential community exposures linked with climate change, such as eliminating potential
mosquito breeding sites to reduce the vector’s range expansion potential, while secondary prevention
would consist in the detection and treatment of existing disease before substantial morbidity or
mortality is incurred (e.g., the application of biocides to limit disease transmission in high risk areas, as
defined by integrated surveillance data). Potential adaptations are hence diverse and range from
specific interventions to address a known disease risk to building adaptive capacity, which is defined
as the potential of a system to respond to change. Such actions may be undertaken at various scales,
and may be reactive or anticipatory in relation to climate change impacts [26].
The majority of research and policy debate on health adaptation has focused on identifying risks
posed by climate change, estimating their magnitude and extent, describing potential patterns of
exposure and vulnerability, and highlighting priorities for intervention [12,27,28]. In some cases,
nations have developed strategic priorities for adaptation [29,30]. While some studies have evaluated
these adaptation plans as part of regional-scale analyses of the current status of adaptation in general [29],
few studies have examined national-level adaptation planning specifically with respect to their
adequacy in managing climate-related health risks. Thus for infectious diseases—an area of particular
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concern for public health professionals in a changing climate [12,31]—while there is a large and
growing body of scholarship assessing vulnerability to future impacts, our understanding of how
adaptation is being prioritized is limited [32,33]. However, such assessments of adaptation are
important if we are to identify gaps in problem framing in order to pave the way towards a more robust
practice of adaptation strategy development [29].
In light of an absence of research examining how adaptation figures in health policy, this paper
evaluates national-level planning for adaptation with regards to infectious disease-related impacts of
climate change in OECD nations. Specifically, we identify the types of adaptations proposed in
adaptation plans of national agencies and governments, and examine whether there are gaps in current
public health planning by comparing with recommendations for infectious disease adaptation in the
peer reviewed literature. Our focus on national-level planning reflects the role of national governments
as a central pivot for adaptation, whether it be by catalyzing interest in adaptation, determining policy
priorities, or allocating resources and support [32,34,35].
2. Methods
2.1. Scientific Literature Selection
To identify best practices proposed within the scientific literature to respond to climate
change-related infectious disease risks, an assessment of peer-reviewed literature was conducted. Five
databases were searched (PubMed, MEDLINE, EMBASE, Web of Knowledge, Scopus) using
database-specific search strategies (see Supplementary Materials for the full search process).
Reference lists were scanned for additional citations. Searches were last updated on 17 April 2013,
with no time limit set on the search. All available peer-reviewed literature in English, French and
Spanish proposing public health adaptations to infectious disease risk of climate change was reviewed,
with 54 articles retained for full review (see Supplementary Materials). Articles addressing climate
change impacts on infectious disease dynamics were excluded if they exclusively addressed risks, or
recommended adaptations, in relation to developing-country or middle-income country settings. These
articles were excluded due to potential limited relevance to OECD-settings.
2.2. Adaptation Plan Selection
To assess adaptation planning by OECD nations for infectious disease risks, national adaptation
plans, as well as official Public Health and Health Ministry reports addressing adaptation or public
health response to health threats of climate change, were selected and analyzed for a sample of
fourteen OECD-member countries: Australia, Belgium, Canada, Chile, France, Ireland, Luxembourg,
Mexico, New Zealand, Slovenia, Spain, Switzerland, the United Kingdom, and the United States.
Selection sought to capture a diversity of nations for whom information was available in languages
spoken by the research team (English, French and Spanish). The OECD-country sample was based on
the availability of national-level planning documents published in the abovementioned languages. To
be included in the review, plans and official documents had to: substantively focus on adaptation,
either through the promotion of specific interventions to minimize threats from infectious diseases or
description of approaches to build adaptive capacity in the health sector; have climate change as an
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overarching rationale; focus on the national scale; and specifically address risks from infectious
diseases, which were defined as any zoonotic, vector-borne, food-borne or waterborne diseases which
may be directly impacted or exacerbated by climate change (see Table 1).
Table 1. Climate-Dependant infectious diseases and sample countries likely to experience
health hazards linked to changes in disease exposure. Inspired from ECDC 2010 [36].
Disease

Environmental factors impacting
disease dynamics

Malaria

Increased average temperatures

West Nile Virus

Increased average temperatures, drought

Dengue, Chikungunya fever,
Yellow fever

Increased average temperatures

Tick-borne
diseases

Lyme borreliosis, tick-borne
encephalitis,

Increased daily precipitation, humidity,
changed patterns of seasonal
precipitation, Increased average
temperatures, extreme heat

Northern Europe, Canada,
USA

Waterborne
diseases

Sewage and sanitation:
Vibrio vulnificus and Vibrio
cholera, E.Coli,
Campylobacter, Salmonella,
Cryptosporidium, Giardia,
Yersinia, Legionella

Increased rainfall and storm frequency,
flooding, landslides, increased average
temperatures, extreme heat episodes

All countries

Salmonellosis,
campylobacteriosis

Extreme rainfall, flooding, increased
average temperatures, increased
frequency of extreme heat, changed
seasonal patterns

Disease
type

Mosquitoborne
diseases

Food borne
diseases

Countries likely to be
affected
Australia, New Zealand,
Chile, Southern Europe
USA, Southern Europe,
Canada, Australia, New
Zealand, Chile
New Zealand, Mediterranean
region (coastal areas in Spain,
Portugal and France), Chile

All countries

National-level plans and official documents were identified through a web-based search of official
public health agency and governmental websites using search terms and inclusion criteria presented in
Table 2. The search was supplemented through country-specific Google searches, document reference
and citation tracking, and key word searches in specialized policy databases, including: Bandolier,
Latin-American and Caribbean Center on Health Sciences Information, National Health Services
(NHS), University of York Centre for Reviews and Dissemination, Organization for Economic
Co-operation and Development, and the WHO Global Health Observatory (GHO). We used the
method of Furgal et al. [37], advanced in a climate change context by Poutiainen et al. [38], to manage the
large number of hits obtained through Google, with each of the first 30 hits for a single search
reviewed for inclusion in the study. After 30 hits, each second result was reviewed until twenty
consecutive irrelevant results were found, at which point the search was stopped. Typically, this led to
the review of the first one hundred hits.
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Table 2. Key words, inclusion and exclusion criteria for grey literature document retrieval
and selection.
1. Key Word Search
1.1 English

1.2 French

1.3 Spanish

Terms used:
“climate change”, “global warming” AND/OR “infectious disease”,
“communicable disease”, “zoonos*s”, “waterborne disease”, “food*borne
disease”, “vector*borne disease”
“changement climatique”, “réchauffement climatique” AND/OR
“maladies infectieuses”, “maladies à transmission vectorielle”, “maladies
émergentes”, “maladies diarrhéiques”, “maladies d’origine hydrique”,
“intoxications alimentaires”, “maladies d’origine alimentaire”,
“zoonoses”
“cambio climatico”, “calienmente global” AND/OR “enfermedades
transmisibles”, “enfermedades infecciosas”, “zoonosis”, “enfermedades
de transmisiόn vectorial”, “enfermedades transmitidas por el agua/ por los
alimentos”, “enfermedades emergentes”

2. Inclusion Criteria
English, French, Spanish documents
Technical documents, Adaptation Plans,
National Reports, Adaptation Assessments,
Vulnerability Assessments containing
recommendations.
Human Adaptation to Climate change
Practical focus (detailing adaptation
activities or actions)
OECD Nations

Exclusion Criteria
Non-English, French, Spanish

Editorials, Meetings and Conferences, Abstracts

Natural and/or biodiversity focus, focus on climate change mitigation
Enumeration and assessments of vulnerabilities only, description of the
problem and potential hazards only, conceptual documents only.
Non-OECD Nation

2.3. Analysis
The assessment of peer-reviewed publications was qualitative in nature: we aimed to identify and
list specific adaptations recommended. This list was subsequently compared to adaptation policies
proposed within national adaptation planning documents to identify gaps between needs identified
within the literature and the policies proposed at the national-level. By listing, comparing, and
contrasting adaptations this way, we aimed to assess whether and to what extent recommendations
formulated in the literature were integrated into national adaptation plans.
3. Results and Discussion
3.1. Infectious Disease Adaptations Proposed in the Literature
Adaptations to infectious disease risks proposed in the peer-reviewed literature are summarized in
Table 3, and can be classified in six overarching categories: reduction of occupational health risks,
adaptations to risks from vector-borne, waterborne and food-borne diseases, improved monitoring and
surveillance, and capacity-building.
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Table 3. Recommended public health adaptation strategies in the peer-reviewed literature.
Topic
Occupational Health

Recommendation
Identify vulnerable professional groups [39]
Develop suitable protective clothing and gear [39,40]
Heighten workplace awareness of infectious disease risks [39]

Waterborne Disease

Ensure adequate water supply and quality [18,40–49]
Increase drinking & recreational water quality monitoring in relation to specific climate and
weather patterns (e.g.,: increased precipitation) [42,45,50,51]
Create advisory platforms and improve outreach [42,43]
Improve watershed protection and management [18,40,42,46,52]
Develop new drug therapies for waterborne diseases [42]
Develop membrane filters to address cyanotoxicity [43,53]
Consider water-pathogen source placement (e.g.,: cattle farms) [18,49]
Improve wastewater disposal and municipal water systems[51]
Involve nursing staff in community microbiological water testing [51]

Food-borne Disease

Enforce appropriate food production, monitoring and handling standards [48,50,54–57]
Provide public education campaigns to promote good practices in food preparation [42,54,55]
Increase monitoring of preparation practices within institutions [54]
Develop a national integrated system of food tracking from farm to fork [45,54]
Incentivize the local production of food [54]
Intensify existing food safety programs during warmer periods and optimize food disinfection
protocols [43,58]
Provide freezer programs for hunting communities [47]

Vector-borne disease

Develop vaccines for human and animal host-species [1,18,40,42,59–62]
Link human health and veterinary sciences in public health practice [59]
Create or strengthen animal and wildlife sentinel surveillance systems [45,57,59]
Implement preventive strategies for sustainable livestock production [59]
Harmonize case reporting across regions and national boundaries [63]
Improve vector control [1,18,40,42,55,57,60,61,64–66]
Strengthen preparedness and response to extreme weather events [64]
Encourage individual level adaptations such as the use of mosquito nets
[1,40,47,55,57,60,62,64,67,68]
Domestic water tank screening, urban runoff capture and improved urban drainage systems
[18,54,60]
Incorporate fly screens in construction norms [54]
Implement adequate goods-importation laws and monitoring [42]
Supplement current surveillance programs with additional surveillance sites for monitoring
[56,62]

Surveillance

Further develop genomic surveillance [69]
Develop novel disease and vulnerability indicators [39,56,61,67,70]
Expand disease tracking surveillance programs [1,18,42,50,52,56,57,61,66,71–73]
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Topic
Surveillance

Recommendation
Collect data on environmental risks to perfect integrated monitoring and forecasting systems
[1,18,41,51,54,56,61–64,67,69,72,74–79]
Collect data on vulnerabilities and identify vulnerable populations [18,41,42,54,61,72,75,80]
Perfect early-warning and syndromic surveillance systems integrating environmental, ecological,
veterinary and epidemiological data [18,41,42,55,57,61,62,64,70,81,82]
Ensure adequate data collection and data quality [1,47,57,64,65,70,72,74,81]
Develop the use proxy measures and interpolation when data may be unavailable [74]
Develop spatial analysis technologies with greater integrative analysis capabilities than current GIS
software [52,57,67,73,75,79]
Increase the ability to share data and information across jurisdictions [42,57]
Improve the timeliness of access to laboratory testing and its results [42]
Integrate multidisciplinary knowledge in surveillance and risk assessments [47,56,57,61,67,72]
Integrate community participation in surveillance [19,61,70]

General Strategies,
and Capacity
Building

Provide education about ID risks of CC, individual adaptation measures and/or mainstreaming in
existing health promotion programs [1,41,47,51,57,61,64,66,83]
Provide regular (and updated) workforce training [41,42,57,73,84]
Prepare health care workers and public health professionals to potential ID risks of CC
[39,42,61,80–82,84]
Incorporate ID risks of climate change in medical and university training curricula and create new
training programs [1,41,42,50,59,61,81,85,86]
Develop and validate new diagnostic tests protocols [18,59,69]
Involve stakeholders and the media to increase awareness and identify alternative adaptation options
[19,54,59,73]
Build capacity by increasing infrastructure and research capabilities, the provision of adequate
funding, equipment and trained staff [57,59,64,73,80,81]
Focus adaptation efforts to vulnerable communities [18,52,57,64,80]
Improve vaccination coverage and public immunization campaigns [57,60,61,64,67]
Cooperate with relevant sectors : meteorology, environment, urban planning, hydrology, agriculture
[56,61,64,78–80]
Emphasize adaptive management, constant monitoring and evaluation, and the implementation
no-risk options [54,61]
Improve access to preventive and primary care [1,42,50,57,61,80]
Improve laboratory infrastructure and testing capabilities [42]
Conduct cost-effectiveness analyses of proposed adaptation strategies [76]
Improve forecast modeling [55,62,78,82,87–89]
Assess stakeholder conceptualizations and approaches to health [72,90]
Evaluate opportunities for policy intervention (effectiveness, desirability, feasibility, urgency,
equity, durability) with the use of scenarios [72]
Create community and stakeholder partnerships, encourage social involvement and foster social
networks. [19,61,72,90]
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It is noteworthy that some recommendations were applicable to health risks of climate change in
general, and were presented as such within the reviewed publications: they were included here because
of their specific relevance to infectious-disease risks.
At a general-level, emphasis is placed on the unequal distribution of impacts and consequent need
to identify and target vulnerable populations through coordinated outreach campaigns within all six
adaptation categories e.g., [18,39,42,43,47,52,54–57,61,64,67,70,80]. Such campaigns may be aimed
at incentivizing individual-level responses, such as the wearing of protective clothing outdoors, the
adequate cooking and washing of food products, and the use of bed nets; or to educate individuals and
communities more generally with regards to disease etiology and potential symptoms. The necessity of
individual-level adaptations and, more broadly, the use of low-cost and low-technological solutions
such as mosquito nets and water filters, as effective public health measures to respond to hazards
associated with climate change has been recognized as “tried and tested” best practice from the very
beginnings of public health adaptation research [47].
While individual adaptations remain crucial, the need for the community-based adaptations to
health risks of climate change, as well as for the fostering of sustainable stakeholder partnerships, has
been increasingly highlighted in the literature [19]. The creation of multidisciplinary teams of health
professionals and the integration of knowledge from a variety of research areas and applied sciences in
public health practice has also emerged as an essential component of recommendations for fostering
long-term sustainable adaptation. These trends reflect a growing recognition in the infectious-disease
literature of the complex nature of risks related to climate change—which may themselves be
considered outcomes of ecological, epidemiologic, and socio-economic interactions—and of a need for
multidisciplinary and cross-sectoral cooperation [18,41,42,55,61,62,64,70,81,82].
The need for trans-disciplinary collaboration is increasingly apparent within sectors aiming to
develop novel approaches for the elaboration of integrated surveillance systems. Emerging threats
from vector-borne diseases have required public health professionals to increasingly move away from
of conventional conceptualizations of pathogen-human-host transmission scenarios and incorporate
advanced notions of ecology, entomology and veterinary sciences to evaluate risks of disease spread.
The development of methods to assess potential impacts of mosquito-borne disease [64,91] is a
recurring example of potential multi-sectoral challenges brought forth by climate change. The need for
integrated surveillance systems is highlighted in the scientific literature by clear research needs and
information gaps which would be impossible to tackle without substantial data and knowledge sharing
across disciplines and geographical boundaries.
3.2. National-Level Adaptation Planning for Infectious Disease Risks of Climate Change
The majority of the policy documents reviewed here focus broadly on adaptation to climate change
across different public sectors (Table 4), with some technical reports targeted at a single sector or
organization undertaking the implementation or coordination of adaptation strategies. Primary
examples of the latter include adaptation planning documents from the United Kingdom and the
United States. The official documents reviewed were supplemented by information available online, to
account for potential plan updates and revisions. Ireland, Slovenia and Luxembourg have not yet
published their respective adaptation plans, but have indicated that they will be publically available in
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2013/14. A preparatory workshop on health system adaptation needs is available on the Climate
Change office of the Republic of Slovenia website. Likewise, a draft of the adaptation plan for
Luxembourg could be found, though the official version is not yet available for public consultation.
These preliminary documents were not included in this review as they are still undergoing
modifications and may not be representative of the nation’s official policy position.
Table 4. National-Level adaptation planning documents reviewed in this study.
Country

Adaptation Plan

Drafting Body

Australia

National Climate Change Adaptation Framework [92]
National Climate Change Adaptation Research Plan: Human
Health (Update: 2012) [93,94]

Council of Australian Governments
National Climate Change
Adaptation Research Facility

Belgium

Plan National Climat de la Belgique 2009–2012 [95]

Commission Nationale Climat:
Groupe de Travail Politiques et
Mesures

Canada

Climate Change Impacts and Adaptation: A Canadian
Perspective [96]
From Impacts to Adaptation: Canada in a Changing Climate
2007 [97]

Climate Change Impacts and
Adaptation Directorate
Government of Canada

Chile

National Climate Change Action Plan 2008–2012 [98]

National Environmental Commission
Gobierno de Chile

France

L’adaptation de la France au changement climatique [99]
Plan national d’adaptation de la France aux effets du
changement Climatique 2011–2015 [100]

Observatoire national sur les effets du
réchauffement climatique
Ministère de l'écologie, du
développement durable, et de l’énergie

Spain

Cambio Global España 2020/50. Cambio climático y salud
[101]

Centro Complutense de Estudios e
Información Medioambiental &
Instituto Sindical de Trabajo,
Ambiente y Salud & Sociedad
Española de Sanidad Ambiental

Switzerland

Adaptation aux changements climatiques en Suisse: Objectifs,
défis et champs d’action Premier volet de la stratégie du
Conseil fédéral du 2 mars 2012 [102]
Les changements climatiques et la Suisse en 2050: impacts
attendus sur l'environnement, la société et l'économie [103]

l’Office fédéral de l’environnement
ProClim—Forum for Climate and
Global Change

UK

Department of Health: Climate Change Plan [104]
Health Effects of Climate Change in the UK 2012
Current evidence, recommendations and research gaps [105]
The National Adaptation Programme [106]

Central Office of Information for the
Department of Health
Health Protection Agency
DEFRA

USA

Climate Change and Health program website
Progress Report of the Interagency Climate Change
Adaptation Task Force: Recommended Actions in Support of
a National Climate Change Adaptation Strategy 5, October,
2010 [107]
HHS Climate Change Adaptation Plan [108]

Centers for Disease Control
The White House Council on
Environmental Quality
Department of Health & Human
Services
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The majority of documents reviewed contained at least one suggestion for potential adaptation that
may be undertaken in relation to changing infectious-disease dynamics with climate change (Table 5).
However, the specificity of the proposed adaptations varied substantially between plans. Some only
broadly outlined public health principles for adaptation: for example, current recommendations in
Switzerland’s adaptation plan [102] largely focus upon the importance of multidisciplinarity in
tackling climate change-related health risks, sharing of data and information across sectors and the
integration of “new risks” in current public health strategies. The adaptation plan does not, however,
describe any detailed objectives that must be attained to support the realization of these principles.
Specifically, it does not mention how professionals within different scientific disciplines, or
governmental bodies, ought to be cooperating to optimize knowledge sharing. Interestingly, the
document doesn’t explicitly name infectious agents or diseases which may become an emerging or
amplified threat in relation to climate change (though it mentions threats brought forth by the
propagation of certain vectors), and does not detail current gaps in public health strategies to address
such risks. A broad assessment of potential future infectious disease risks in relation to climate change
is available in another national-level risk assessment [103]. In contrast, other plans, such as that
proposed by the Australian government [93], go considerably further in planning development and
identify the ministries, organizations and stakeholders which are to carry out and evaluate the proposed
strategies; all of these aspects are of key importance in creating readiness for adaptation [35,109].
Wide variations in the nature of adaptation planning for infectious diseases are evident across the 14
countries analyzed, even in cases where countries are situated within neighboring regions facing
similar impacts. For example, despite the fact that the South Pacific region is likely to be strongly
impacted by changing vector ranges and environmental conditions [110,111], New Zealand’s national
adaptation plan only outlines broad suggestions of methods to alleviate future health risks of climate
change and focuses primarily on the benefits of mitigation. For example, New Zealand’s adaptation
plan presents “walking, cycling and taking public transport” as individual-level “adaptations” meant to
increase physical activity and diminish one’s carbon footprint. In general, scientific publications
classify such measures as health co-benefits of mitigation strategies [48]. Though the plan includes a
section examining New Zealand’s vulnerabilities to infectious diseases (e.g., increasing incidence of
Dengue and Ross River virus), none of the proposed adaptation measures directly address the risks
related to evolving infectious disease dynamics. In contrast, Australia has created the National Climate
Change Adaptation Research Facility to support adaptation science and complement a regularly
updated Human Health Adaptation Plan, in which priorities for action are revised in light of emerging
evidence and highlighted needs.
European countries are also far from homogenous in their approaches to tackling infectious disease
risks. However, they benefit from the overarching support of the European Center for Disease Control,
which has played an important role in information sharing and the creation of multidisciplinary support
structures and professional networks (ex: VBORNET) [56]. This is reflected in the planning of several
EU states. Spain’s adaptation plan, for instance, comprises an in-depth discussion of potential
infectious disease hazards and lists several suggestions to reduce future threats, such as conducting
spatial assessments of risk, the development of early-warning systems and vector monitoring,
increased surveillance (particularly in areas of high circulation, such as airports), the training of
national climate change and entomology expertise, vector control, and the provision of educational
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outreach campaigns for health professionals and the general public. This adaptation strategy is rooted
within a national public health context that place significant emphasis on developing mosquito-borne
disease surveillance, and is hence familiar with the complexities inherent to such a process. Similarly,
the French adaptation plan also discusses specific health risks of climate change, and comprises
broader strategy recommendations, such as the establishment of a new climate change adaptation
research group. Additionally, concrete actions are proposed to aid in the integration of spatial analysis
in current methods of vector and pathogen reservoir surveillance, as well as to improve food
refrigeration and water treatment, among several others. Each adaptation is accompanied by a target
year of implementation and a list of ministries and partners involved in its deployment and
coordination, a process substantially more advanced than that of countries such as New Zealand.
Lastly, the Australian government has created a Department of Climate Change to facilitate the
coordination of activities at the national level [109]. This highlights a potentially worrisome contrast in
climate change planning: countries with more experience in implementing adaptation strategies may be
more aware of existing vulnerabilities, and may hence be more likely to prioritize remediating to
known deficiencies in current national policy development.
Table 5. Development of strategies and methods for adaptation—adaptation plans by country.
Country
Australia
Belgium
Canada
Chile
France
Ireland
Luxembourg
Mexico
New Zealand
Slovenia
Spain
Switzerland
UK
USA

Awareness of CC Impact on
ID Dynamics














Evidence for Adaptation
Strategies/Plans in PH

Infectious Disease-Specific
Adaptation Measures























Canada stands-out in terms of breadth and completeness of qualitative national reports, in particular
in relation to the 2008 national assessment of vulnerability and adaptive capacity in the health sector,
led by Health Canada [112]. This report details area-specific health hazards of climate change and
identifies potential needs for adaptation. As it is the case for Australia, the heightened quality of the
work made available by Health Canada and the Public Health Agency of Canada may be directly
related to the department’s emphasis on the assessment and production of rigorous scientific
publications investigating the links between policy, climate and health [42,84]. Additionally,
information regarding potential adaptation research funding (grants) offered by the Public Health
Agency of Canada and Health Canada for climate change adaptation is advertised and easy to find on
the agency’s official website. Over the period from 2011 to 2016, Canada has allocated $149 million to
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support adaptation implementation and capacity building [113]. Nonetheless, Canada has yet to
publish a national-level adaptation plan. Similarly, American initiatives, though supported by an
Interagency Climate Change Adaptation Task Force of the White House Council on Environmental
Quality and a CDC climate adaptation initiative, remain primarily on a state by state basis. An
overview of adaptation planning activities occurring in American states can be found in Smith et al. and
Bierbaum et al. [114,115].
3.3. Classification of Adaptation Options and Between-Plan Comparisons
National adaptation plans are meant to be frameworks or guidance documents for individual
agencies to structure the prioritization of their adaptation needs. The inherent goal of public health
adaptation, and adaptation planning by proxy, is the reduction of specific vulnerabilities to the
potential effects of climate change. In order to ensure that vulnerabilities are indeed being addressed,
the need for mechanisms to evaluate the degree of rigor associated with adaptation planning and
tracking adaptation planning outcomes has become apparent [29].
To assess the comprehensiveness of adaptation planning, the selected documents (Table 4) were
assessed and classified using a typology presented by Preston et al. (2011) [29], focusing primarily on
the planning processes by which adaptation actions may be selected for subsequent implementation.
This typology aims to address the lack of systematic indicators illustrating the range of potential
activities that might be expected from robust adaptation planning documents, or the aspects that ought
to be considered when creating guiding frameworks for future adaptation actions. It broadly groups the
planning processes in two overarching objectives of adaptation planning: the building of adaptive
capacity and the delivering of adaptation actions [29].
Within the scope of this review, the typology proposed by Preston et al.(2011) [29] was used to
facilitate comparison between plans with respect to the broad adaptation planning processes adopted
within them to detect preferences and emphases in conceptualizations of health adaptations among
national institutions. This classification allowed for an analysis of overarching themes and approaches
to problem framing within individual adaptation plans to identify potentially unaddressed (or underdeveloped) aspects of adaptation planning (Table 6). These unaddressed aspects were further informed
by best-practice measures proposed in peer-reviewed scientific literature (see Section 3.1.).
It becomes immediately apparent, through the use of this classification typology that proposed
adaptations are primarily concerned with sectoral (90%), rather than integrated, multidisciplinary
adaptations implicating different agencies, jurisdictional levels or stakeholders. For example,
Switzerland’s proposed plan explicitly divides the objectives of the adaptation plans in broad sectors
(“Adaptations Sectorielles”): water management, natural disaster management, agriculture, forestry,
energy, tourism, biodiversity, health, territorial development. However, this plan makes explicitly clear
that single impacts of climate change (ex: heat waves) will impact multiple sectors at once
(Figure 2.1., page 8 of the plan, and throughout Section 2 which details the country’s potential
vulnerabilities to climate change), and that different governmental bodies will need to work
“hand in hand” (page 9) to tackle them. It is not specified how this will be achieved, nor are these
linkages revisited in section 3, which details the proposed sectoral adaptation strategies.
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Table 6. Specific types of adaptations to infectious disease risks of climate change

proposed within reviewed documents and classification of adaptation options according to
Preston et al.’s (2011) [29] proposed typology.
Adaptations Proposed
Ensure that existing
surveillance systems are
sensitive and efficient
enough to detect new threats
in a timely manner
Strengthen surveillance
systems which currently lack
the capacity to integrate
zoonotic and environmental
data in disease detection
Ensure that surveillance
systems have the capacity to
detect vector-borne diseases
whose range is suspected to
change (integrate
epidemiological and
environmental data)

Classification
of Adaptation
strategies
Avoiding or
reducing the
risks

Avoiding or
reducing the
risks

Avoiding or
reducing the
risks

Increase awareness of
potential effects of climate
change within the public
health surveillance, public
health planning, infectious
disease and medical
communities

Creating
supportive
social structures

Integrate climate and
precipitation data in forecast
and predictive models for the
purposes of public health
intervention & Use the
growing scientific evidence
base to inform the
preparedness and
responsiveness

Gathering and
sharing of new
information &
exploiting new
opportunities

Consideration
of Vulnerable
Populations

No

No

No

No

No

Sectoral
or
Holistic

Initiative or
Mainstreaming

Nation
Proposing

Sectoral

Mainstreaming

UK, France,
Spain, USA,
Canada,
Australia,
Switzerland

Holistic

Mainstreaming
and Initiative if
development of
new knowledge

UK, France,
Spain, USA,
Canada,
Australia,
Chile

Mainstreaming

UK, USA,
Chile,
France,
Spain,
Canada,
Australia

Mainstreaming

Chile,
France,
Canada,
Australia,
Switzerland

Mainstreaming

Chile,
France,
Spain, USA,
Canada,
Australia,
Switzerland

Sectoral

Holistic

Sectoral
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Table 6. Cont.

Adaptations Proposed

Increase the capacity for or
continue to ensure appropriate
water sanitation and water
quality monitoring

Classification
of Adaptation
strategies

Avoiding or
reducing the
risks

Conduct water-consumption
hygiene outreach campaigns

Avoiding or
reducing the
risks

Strengthen food quality
regulation and monitoring

Avoiding or
reducing the
risks & creating
a supportive
institutional
framework

Invest in strategies for vector
control

Bearing the risk

Increase networking between
sectors and jurisdictional levels

Creating
supportive
social structures

Increase education and public
outreach campaigns

Gathering and
sharing of
information

Consideration
of Vulnerable
Populations

No

No

No

No

No

No

Sectoral
or
Holistic

Sectoral

Sectoral

Sectoral

Sectoral

Holistic

Sectoral

Initiative or
Mainstreaming

Nation
Proposing

Mainstreaming

New
Zealand, UK,
USA,
France,
Canada,
Australia,
Switzerland
Spain

Mainstreaming

France,
UK,
Chile,
Belgium,
Australia,
Spain

Mainstreaming

France,
UK,
Canada,
Australia,
Spain

Mainstreaming

Chile,
Canada,
Australia,
Spain

Mainstreaming

Chile, UK,
USA,
Canada,
Australia,
Switzerland

Mainstreaming

New
Zealand,
Spain,
UK, France,
USA,
Canada,
Australia,
Switzerland
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Table 6. Cont.

Adaptations Proposed

Classification
of Adaptation
strategies

Improve resilience to climate
effects for the most vulnerable
in society

Bearing the
risks

Carry out an economic
assessment of preventive
measures, as well as
infrastructure and personnel
needs

Gathering and
sharing of
information

Strengthen the capabilities of
health personnel to address
prevention and care of adverse
effects caused by climate
change

Gathering and
sharing of
information &
Creating
supportive
social structures
& Institutional
framework

Create a multidisciplinary
expert group for planning,
evidence assessment and the
formulation of
recommendations

Exploiting new
opportunities &
Gathering and
sharing of
information &
Creating
supportive
social structures

Explicit statement regarding
the need to evaluate
implemented strategies

Gathering and
sharing of
information

Fostering international
cooperation

Gathering and
sharing of
information &
Creating
supportive
social structures

Consideration
of Vulnerable
Populations

Yes

No

No

No

No

No

Sectoral
or
Holistic

Initiative or
Mainstreaming

Nation
Proposing

Mainstreaming

UK, USA,
New
Zealand,
Canada,
Australia,
Spain

Mainstreaming

Chile,
Canada,
Australia,
Switzerland

Sectoral

Mainstreaming

USA,
Canada,
Australia,
Spain,
France

Holistic

Innovative
(though not a new
concept, it is a
new body)

France, USA
(BRACE),
Australia

Mainstreaming

USA,
Canada,
Australia,
Switzerland,
France

Mainstreaming

Canada,
Chile,
Spain,
Switzerland,
France

Sectoral

Sectoral

Sectoral

Sectoral
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Indeed, cooperation between government bodies (national and local levels, between ministries) was
not explicitly highlighted in the majority of reviewed plans. This was unanticipated prior to the
assessment of documents, as the need for formal coordination mechanisms across ministries and
organizations dealing with environment, water, agriculture, urban planning and health care is widely
highlighted in scientific literature on infectious disease adaptation [116], and adaptation more
generally [35]. Such coordination mechanisms require involvement of multiple stakeholders from
government and industry at all phases of adaptation planning and assessments, in an iterative fashion
which allows policymakers to determine which strategies are working, which could be improved and
the appropriateness of select measures in addressing changes in incidence and spread of
infectious diseases [116].
The importance of local government participation in public health adaptation planning, as a
complement to national policy, as well as the need for local integrated vulnerability assessments, have
been explicitly highlighted within the Australian National Climate Change Adaptation Research Plan
for Human Health, the Canadian From Impacts to Adaptation document, the French, American and
Spanish Plans. The UK Adaptation Programme most explicitly addresses the question of local
governance, by situating the concept within the national legislative framework: “An important
framework for managing health risks to the local population is defined by the Health and Social Care
Act 2012, which places an important focus on local planning and decision-making, led by Directors of
Public Health”. As the importance of local adaptation and capacity-building has long been highlighted
in climate change literature [27,35,62], this type of explicit policy framing ought to become standard
practice in subsequent national planning endeavors.
A similar proportion of plans (90%) were primarily concerned with mainstreaming, defined as the
integration of climate change into ongoing public health projects and priorities focusing on health
promotion and protection [32,62]. Hence, the framework used within the majority of national
documents for prioritizing adaptation policies and programs to control hazards of climate change
situates adaptation planning within existing basic public health functions such as surveillance, outbreak
investigation and response, education, research, and trend analysis. The obligation to “upgrade” the
scope of existing core public health functions to account for projections of changing climates and
infectious disease dynamics is highlighted in nearly all of the reviewed documents [61,116]. This clear
need for better surveillance and monitoring methodology is hence a central aspect of both the national
adaptation documents reviewed, and the peer-reviewed literature. Within Preston et al.’s typology for
classification of adaptation processes, such strategies would fall primarily under the purview of
gathering and sharing information, though they may also entail the avoidance or reduction of risks
through upgrades to existing surveillance infrastructure. This is primarily true of arthropod-borne
disease surveillance which may require the installation of mosquito trapping devices, sentinel
surveillance systems, and more.
Additionally, the need to integrate environmental, ecological and veterinary variables into
surveillance is widely recognized. Though most experts agree that spatial analysis will be important
herein, increasing our ability to account for temperature, precipitation and water quality data in
analysis and forecasting, few countries explicitly acknowledge the need to develop this resource.
Across planning documents reviewed, a strong emphasis is placed upon the improvement of current
surveillance systems. Very few plans however, specify how such improvements would be achieved
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(for example, by improving GIS software capabilities or through the integration of environmental and
wildlife data to surveillance processes). It is also noteworthy that while waterborne and food-borne
diseases are believed to pose the greatest risk in relation to climate change impacts in developed
nations [28,58,117], limited emphasis is placed in adaptation plans upon adaptation measures in
relation to such pathogens. At the very least this is a deficiency in the “gathering and sharing of
information” planning process, a strategy otherwise widely prioritized within planning documents.
This may reflect an inherent lack of awareness of potential effects of climate change on food and
waterborne diseases amongst those drafting adaptation planning documents.
As noted above, the majority of proposed adaptations were concerned with the gathering and
sharing of information, as well as with risk avoidance (e.g., the development of forecast models and
surveillance systems, vector control, improved water sanitation). Traditionally, these are public health
strategies developed to maximize prevention and preparedness to uncertain disease risks: it is therefore
logical that they are at the forefront of a planning process aimed at managing stochastic and complex
disease dynamics. We must note, however, that though most plans broadly addressed the complex
nature of environmental, ecological and epidemiological factors impacting infectious disease risks of
climate change, the implementation of holistic approaches explicitly recognizing the need to integrate
zoological, entomological, ecological, geographical and environmental sciences in health policy
development is limited.
It is noteworthy that only five of the reviewed adaptation plans/documents (UK, Spain, Canada,
Australia, USA) explicitly addressed the needs of vulnerable populations, while two explicitly
highlighted the need to consider a vulnerable population approach in policy development without
specifying how this would be achieved, despite the importance given to developing an understanding
of the differential distribution of infectious disease impacts and of targeting interventions to the most
vulnerable in the infectious disease literature [72]. Though we recognize that more resources need to
be invested in the development of surveillance and monitoring tools as well as in health-related climate
risk assessments to strengthen the capacity of the health system to respond to future stressors [20], this
limited perspective on adaptation may prove inadequate without investments in initiatives to promote
active community involvement [19] in resource and knowledge building, and without explicit
considerations for vulnerable populations such as the elderly and local indigenous populations [72]. In
response to recent studies in public health adaptation, the focus of the expert and policy dialogue has
increasingly shifted towards community-based approaches to adaptation and vulnerability assessments in
health [47].
4. Conclusions
In this paper, we have examined the extent to which national planning for adaptation is addressing
the risks posed by climate change on infectious diseases, focusing on 14 OECD nations. Reviewing
national-level adaptation plans and governmental public health reports, the study is one of the first to
specifically focus on how infectious diseases are being addressed in adaptation, contributing to a
rapidly growing scholarship identifying and characterizing the current state of adaptation more
generally [29,32,33,118]. We acknowledge that the findings are preliminary, and represent a snapshot
of adaptation activities at the national level. As such, our analysis does not capture adaptation planning
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taking place at lower levels of governance or that which is not reported on publically, and focuses on a
limited number of nations because of practical nature of our sample. Though we limited our analysis
and review of policy documents to those nation’s whose plans were published in English, French and
Spanish, the documents selected for in-depth analysis correspond to a wide range of policy documents,
which are representative of current adaptation planning across developed nations. Despite these
caveats, the work raises a number of important points about the current status of adaptation planning
for infectious diseases.
The comprehensiveness, extent and framing of adaptation planning within the OECD-nations
examined are not homogenous and vary among jurisdictions. This is well illustrated, for example, by
significant discrepancies on infectious disease adaptation planning between countries with similar risk
profiles such as Australia and New Zealand. Despite the fact that New Zealand is likely to experience a
change in the spread and incidence of infectious disease in coming years, the national adaptation plans
only tangentially addresses the topic. In contrast, within a similar context, Australian adaptation
planning documents present thorough, periodically revised guidelines to address the specific needs of
their population. This reflects the government’s commitment to support local infectious disease
adaptation, and interest in pursuing the climate change policy agenda, and illustrates the importance of
government leadership in directing adaptation [119,120]. Differences in plan comprehensiveness and
quality may furthermore be explained by findings in a recent study by Lesnikowski et al. [121], where
the authors found that progress on adaptation is significantly related to policy commitments to
engagement in international and national environmental governance.
While this review primarily evaluates adaptation plans against peer-reviewed infectious disease
literature with the goal of identifying gaps in current public health adaptation planning, in so doing it
also raises deeper governance challenges. For example, where climate change adaptation is addressed
in national level adaptation planning documents, the measures are typically “mainstreamed”,
embedded within pre-established programs that were not originally constructed with climate change in
mind. The most notable is the strong emphasis on the development and improvement of surveillance
programs; a strategic priority rose both within select adaptation plans and peer-reviewed publications.
Though mainstreaming through improved surveillance is appealing, the integration of environmental
and social data in surveillance and forecasting requires more extensive departmental, organizational and
disciplinary cooperation and coordination than the construction of traditional surveillance systems [122].
The mere information technology considerations necessary for cost-effective data sharing may be
substantial. This difficulty is not explicitly addressed within the national adaptation plans reviewed.
Undeniably, adaptation through mainstreaming is central in creating a pathway for the integration of
climate change considerations into ongoing policy processes [123,124]. However, in the absence of
innovative change and capacity building, mainstreaming may also diminish impetus for investing in
targeted actions designed specifically to address climate change-related ID risks, whose effects will be
progressive and with long term impacts. Indeed, a unilateral focus on mainstreaming may reflect a
perception that [18] climate change impacts on infectious disease dynamics will be minimal in contrast
to other drivers, or that that health-related vulnerabilities will be low [28]. For example, within Europe,
only nine of 27 (33%) countries surveyed in 2010 had or were conducting a national assessment of
potential health impacts of climate change [12]. The majority of experts interviewed indicated that
their country had monitoring and surveillance programs capable of addressing the threats of climate
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change. This is particularly surprising when considering that the most emphasized recommendation in
the infectious disease adaptation literature was the strengthening of current surveillance systems, a
concern echoed in all national adaptation plans analyzed for the purposes of this review, and may
indicate a dissonance between the spheres of public health research and practice.
Moreover, we must note that both within the scientific literature and national adaptation planning,
best practice guidelines to adapt to infectious disease risks of climate change are at the first stages of
development. Indeed, few formal assessments of the feasibility and appropriateness of proposed
adaptations have been conducted as of yet. However, location and sector-specific risk assessments
ought to be conducted prior to the drafting of adaptation plans, in order to determine whether or not
proposed adaptations will be effective in reducing climate change-induced infectious disease morbidity
and mortality, and whether they truly address existing vulnerabilities [125].
Heterogeneity in national level planning for adaptation suggests that adaptation assessments will be
key in guiding future adaptation policy in the coming years, by highlighting unaddressed needs, as well
as gaps in problem framing. Such assessments aim to “identify modifications to current and planned
programs, and opportunities for new policies and measures” [116] to ensure an optimal reduction of
future infectious-disease risks. Evaluations of policy documents, such as the work presented here, can
help guide the future expansion of existing adaptation planning, as well as keep climate change at the
forefront of the policy debate.
Acknowledgments
Our thanks to Ellie Stephenson for her constructive and insightful comments.
Conflicts of Interest
The authors declare no conflict of interest.
References
1.
2.

3.

4.
5.

Costello, A.; Abbas, M.; Allen, A.; Ball, S.; Bell, S.; Bellamy, R.; Friel, S.; Groce, N.; Johnson, A.;
Kett, M.; et al. Managing the health effects of climate change. Lancet 2009, 373, 1693–1733.
Holy, M.; Schmidt, G.; Schroder, W. Potential malaria outbreak in Germany due to climate
warming: Risk modelling based on temperature measurements and regional climate models.
Environ. Sci. Pollut. Res. 2011, 18, 428–435.
Climate Change 2007: Impacts, Adaptation and Vulnerability. Working group II Contribution to
the IPCC Intergovernmental Panel on Climate Change. Parry, M.L., Ed.; Cambridge University
Press: Cambridge, UK, 2007; Vol 4.
Myers, S.S.; Patz, J.A. Emerging threats to human health from global environmental change.
Ann. Rev. Environ. Resour. 2009, 34, 223–252.
Patz, J.A.; Olson, S.H. Malaria risk and temperature: Influences from global climate change and
local land use practices. Proc. Natl. Acad. Sci. U.S.A. 2006, 103, 5635–5636.

Int. J. Environ. Res. Public Health 2013, 10
6.

7.
8.
9.
10.

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.

23.

7102

Patz, J.; Campbell-Lendrum, D.; Gibbs, H.; Woodruff, R. Health impact assessment of global
climate change: Expanding on comparative risk assessment approaches for policy making. Ann.
Rev. Public Health 2008, 29, 27–39.
McMichael, A.J.; Woodruff, R.E.; Hales, S. Climate change and human health: Present and
future risks. Lancet 2006, 367, 859–869.
McMichael, A.J.; Neira, M.; Bertollini, R.; Campbell-Lendrum, D.; Hales, S. Climate change:
A time of need and opportunity for the health sector. Lancet 2009, 374, 2123–2125.
McMichael, A.J. Globalization, climate change, and human health. N. Engl. J. Med. 2013, 368,
1335–1343.
Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation. A
Special Report of Working Groups I And II of the Intergovernmental Panel on Climate Change.
Cambridge University Press: Cambridge, UK, and New York, NY, USA,
2012; p. 582.
McMichael, T.; Montgomery, H.; Costello, A. Health risks, present and future, from global
climate change. BMJ 2012, 344, e1359, doi:10.1136/bmj.e135.
Semenza, J.C.; Suk, J.E.; Estevez, V.; Ebi, K.L.; Lindgren, E. Mapping climate change
vulnerabilities to infectious diseases in europe. Environ. Health Perspect. 2012, 120, 385–392.
Frumkin, H.; McMichael, A.J.; Hess, J.J. Climate change and the health of the public. Am. J.
Prev. Med. 2008, 35, 401–402.
Adger, W.N.; Eakin, H.; Winkels, A. Nested and teleconnected vulnerabilities to environmental
change. Front. Ecol. Environ. 2009, 7, 150–157.
Watson, R.T. Turning science into policy: Challenges and experiences from the science-policy
interface. Philos. Trans. R. Soc. B Biol. Sci. 2005, 360, 471–477.
Louis, M.E.S.; Hess, J.J. Climate change impacts on and implications for global health. Am. J.
Prev. Med. 2008, 35, 527–538.
Ford, J.D.; Berrang-Ford, L.; King, M.; Furgal, C. Vulnerability of aboriginal health systems in
canada to climate change. Glob. Environ. Chang. Hum. Policy Dimens. 2010, 20, 668–680.
Ebi, K.L. Public health responses to the risks of climate variability and change in the united
states. J. Occup. Environ. Med. 2009, 51, 4–12.
Ebi, K.L.; Semenza, J.C. Community-based adaptation to the health impacts of climate change.
Am. J. Prev. Med. 2008, 35, 501–507.
Paterson, J.A.; Ford, J.D.; Ford, L.B.; Lesnikowski, A.; Berry, P.; Henderson, J.; Heymann, J.
Adaptation to climate change in the ontario public health sector. BMC Public Health 2012, 12, 452,
doi: 10.1186/1471-2458-12-452.
Climate Change Adaptation in Developed Nations: From Theory to Practice. Ford, J.D.,
Berrang-Ford, L. Eds.; Springer Dordrecht: Heidelberg, London, UK, 2011.
Ebi, K.; Meehl, G.; Bachelet, D.; Twilley, R.; Boesch, D.F. Regional Impacts of Climate
Change: Four Case Studies in the United States; Prepared for the Pew Center on Global Climate
Change: Arlington, VA 22201, USA, December 2007.
Bell, E. Readying health services for climate change: A policy framework for regional
development. Am. J. Public Health 2011, 101, 804–813.

Int. J. Environ. Res. Public Health 2013, 10
24.
25.

26.
27.
28.

29.

30.
31.

32.

33.
34.
35.
36.

37.
38.
39.

7103

Bustinza, R.; Lebel, G.; Gosselin, P.; Belanger, D.; Chebana, F. Health impacts of the July 2010
heat wave in Quebec, Canada. BMC Public Health 2013, 13, 56, doi:10.1186/1471-2458-13-56.
Hess, J.J.; McDowell, J.Z.; Luber, G. Integrating climate change adaptation into public health
practice: Using adaptive management to increase adaptive capacity and build resilience. Environ.
Health Perspectives 2012, 120, 171, doi:10.1289/ehp.1103515.
Ebi, K.L.; Burton, I. Identifying practical adaptation options: An approach to address climate
change-related health risks. Environ. Sci. Policy 2008, 11, 359–369.
Rosenthal, J. Climate change and the geographic distribution of infectious diseases. EcoHealth
2009, 6, 489–495.
Semenza, J.C.; Herbst, S.; Rechenburg, A.; Suk, J.E.; Hoeser, C.; Schreiber, C.; Kistemann, T.,
Climate change impact assessment of food- and waterborne diseases. Crit. Rev. Environ. Sci.
Technol. 2012, 42, 857–890.
Preston, B.L.; Westaway, R.M.; Yuen, E.J. Climate adaptation planning in practice:
An evaluation of adaptation plans from three developed nations. Mitig. Adapt. Strateg. Glob.
Chang. 2011, 16, 407–438.
Pascal, M.; Viso, A.C.; Medina, S.; Delmas, M.C.; Beaudeau, P. How can a climate change
perspective be integrated into public health surveillance? Public Health 2012, 126, 660–667.
Carr, J.L.; Sheffield, P.E.; Kinney, P.L. Preparedness for climate change among local health
department officials in New York state: A comparison with national survey results. J. Public
Health manag. Pract. 2012, 18, E24–E32.
Lesnikowski, A.C.; Ford, J.D.; Berrang-Ford, L.; Paterson, J.A.; Barrera, M.; Heymann, S.J.
Adapting to health impacts of climate change: A study of UNFCCC Annex I parties. Environ.
Res. Lett. 2011, 6, 044009, doi: 10.1088/1748-9326/6/4/044009.
Berrang-Ford, L.; Ford, J.D.; Patterson, J. Are we adapting to climate change? Glob. Environ.
Chang. 2011, 21, 25–33.
Hanger, S.; Pfenninger, S.; Dreyfus, M.; Patt, A. Knowledge and information needs of adaptation
policy-makers: A European study. Reg. Environ. Chang. 2013, 13, 91–101.
Ford, J.; King, D. A framework for examining adaptation readiness. Mitig. Adapt. Strateg. Glob.
Chang. 2013, 1–22, doi:10.1007/s11027-013-9505-8, in press.
Climate Change and Communicable Diseases in the EU Member States: Handbook for National
Vulnerability, Impact and Adaptation Assessments. European Centre for Disease Prevention and
Contrrol: Stockholm, Sweden, 2010.
Furgal, C.M.; Garvin, T.D.; Jardine, C.G. Trends in the study of aboriginal health risks in Canada.
Int. J. Circumpolar Health 2010, 69, 322–332.
Poutiainen, C.; Berrang-Ford, L.; Ford, J.; Heymann, J. Civil society organizations and
adaptation to the health effects of climate change in Canada. Public Health 2013, 127, 403–409.
Adam-Poupart, A.; Labreche, F.; Smargiassi, A.; Duguay, P.; Busque, M.-A.; Gagne, C.;
Rintamaki, H.; Kjellstrom, T.; Zayed, J. Climate change and occupational health and safety in a
temperate climate: Potential impacts and research priorities in Quebec, Canada. Ind. Health
2013, 51, 68–78.

Int. J. Environ. Res. Public Health 2013, 10
40.

41.
42.
43.
44.

45.
46.
47.
48.
49.

50.
51.

52.
53.

54.

55.
56.
57.

7104

Charron, D.; Fleury, M.; Lindsay, R.; Ogden, N.; Schuster, C., The impacts of climate change on
water-, food- and rodent-borne diseases. In Human Health in A Changing Climate : A Canadian
Assessment of Vulnerabilities and Adaptive Capacity, Bélanger, D.; Séguin, J., Eds. Health
Canada: Ottawa, Canada, 2008; pp. 171–210.
Ady Wirawan, I.M. Public health responses to climate change health impacts in Indonesia.
Asia-Pac. J. Public Health 2010, 22, 25–31.
Berry, P. Vulnerabilities, adaptation and adaptive capacity in Canada. Hum. Health Chang. Clim.
2008, 1, 419–423.
Casman, E.; Fischhoff, B.; Small, M.; Dowlatabadi, H.; Rose, J.; Morgan, M.G. Climate change
and cryptosporidiosis: A qualitative analysis. Clim. Chang. 2001, 50, 219–249.
Dura, G.; Pandics, T.; Kadar, M.; Krisztalovics, K.; Kiss, Z.; Bodnar, J.; Asztalos, A.; Papp, E.
Environmental health aspects of drinking water-borne outbreak due to karst flooding: Case study.
J. Water Health 2010, 8, 513–520.
Haines, A.; Kovats, R.S.; Campbell-Lendrum, D.; Corvalan, C. Climate change and human
health: Impacts, vulnerability and public health. Public Health 2006, 120, 585–596.
Lloyd, S.J.; Kovats, R.S.; Armstrong, B.G. Global diarrhoea morbidity, weather and climate.
Clim. Res. 2007, 34, 119–127.
Furgal, C.; Seguin, J. Climate change, health, and vulnerability in Canadian northern aboriginal
communities. Environ. Health Perspect. 2006, 114, 1964–1970.
Cheng, J.J.; Berry, P. Health co-benefits and risks of public health adaptation strategies to
climate change: A review of current literature. Int J. Public Health 2013, 58, 305–311.
Schijven, J.; Bouwknegt, M.; de Roda Husman, A.M.; Rutjes, S.; Sudre, B.; Suk, J.E.; Semenza, J.C.
A decision support tool to compare waterborne and foodborne infection and/or illness risks
associated with climate change. Risk Anal. 2013, doi:10.1111/risa.12077.
Berrang-Ford, L. Climate change and health in Canada. Mcgill J. Med. 2009, 12, 78–84.
Martin, D.; Belanger, D.; Gosselin, P.; Brazeau, J.; Furgal, C.; Dery, S. Drinking water and
potential threats to human health in Nunavik: Adaptation strategies under climate change
conditions. Arctic 2007, 60, 195–202.
McMichael, A.J. Health consequences of global climate change. J. R. Soc. Med. 2001, 94, 111–114.
Carriere, A.; Prevost, M.; Zamyadi, A.; Chevalier, P.; Barbeau, B. Vulnerability of Quebec
drinking-water treatment plants to cyanotoxins in a climate change context. J. Water Health
2010, 8, 455–465.
Bambrick, H.J.; Capon, A.G.; Barnett, G.B.; Beaty, R.M.; Burton, A.J. Climate change and
health in the urban environment: Adaptation opportunities in Australian cities. Asia-Pac. J.
Public Health 2011, 23, 67S–79S.
Kjellstrom, T.; Weaver, H.J. Climate change and health: Impacts, vulnerability, adaptation and
mitigation. New South. Wales Public Health Bul. 2009, 20, 5–9.
Lindgren, E.; Andersson, Y.; Suk, J.E.; Sudre, B.; Semenza, J.C. Public health. Monitoring EU
emerging infectious disease risk due to climate change. Sci. 2012, 336, 418–419.
Semenza, J.C.; Menne, B. Climate change and infectious diseases in Europe. Lancet Infect. Dis.
2009, 9, 365–375.

Int. J. Environ. Res. Public Health 2013, 10
58.

59.
60.
61.
62.
63.

64.
65.
66.
67.
68.

69.
70.
71.

72.
73.

74.

7105

Britton, E.; Hales, S.; Venugopal, K.; Baker, M.G. Positive association between ambient
temperature and salmonellosis notifications in New Zealand, 1965–2006. Austr. N. Z. J. Public
Health 2010, 34, 126–129.
Ahmed, J.S.; Sparagano, O.; Seitzer, U. One health, one medicine: Tackling the challenge of
emerging diseases. Transbound. Emerg. Dis. 2010, 57, 1–2.
Kilpatrick, A.M.; Randolph, S.E. Drivers, dynamics, and control of emerging vector-borne
zoonotic diseases. Lancet 2012, 380, 1946–1955.
Frumkin, H.; Hess, J.; Luber, G.; Malilay, J.; McGeehin, M. Climate change: The public health
response. Am. J. Public Health 2008, 98, 435–445.
Ebi, K. Managing the changing health risks of climate change. Curr Opin Environ. Sustain.
2009, 1, 107–110.
Amato-Gauci, A.; Zeller, H. Tick-borne encephalitis joins the diseases under surveillance in
the European Union. Euro Surveillance: Bulletin Europeen sur les Maladies
Transmissibles = European Communicable Disease Bulletin 2012, 17. Available online:
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=20299
(accessed
from
17
October 2012).
Bai, L.; Morton, L.C.; Liu, Q. Climate change and mosquito-borne diseases in China: A review.
Glob. Health 2013, 9, 10, doi:10.1186/1744-8603-9-10.
Bedsworth, L. Preparing for climate change: A perspective from local public health officers in
California. Environ. Health Perspect. 2009, 117, 617–623.
Bedsworth, L. California’s local health agencies and the state’s climate adaptation strategy. Clim.
Chang. 2012, 111, 119–133.
McMichael, A.J.; Kovats, R.S. Climate change and climate variability: Adaptations to reduce
adverse health impacts. Environ. Monit. Assess. 2000, 61, 49–64.
Loeb, M.; Elliott, S.J.; Gibson, B.; Fearon, M.; Nosal, R.; Drebot, M.; D’Cuhna, C.; Harrington,
D.; Smith, S.; George, P.; et al. Protective behavior and West Nile virus risk. Emerg. Infect. Dis
2005, 11, 1433–1436.
Endy, T.P.; Rochford, R.; Yuen, K.Y.; Lei, H.Y. Emerging infectious diseases as a global health
threat. Exp. Biol. Med. 2011, 236, 897–898.
Davidson, R.; Simard, M.; Kutz, S.J.; Kapel, C.M.O.; Hamnes, I.S.; Robertson, L.J. Arctic
parasitology: Why should we care? Trends Parasitol. 2011, 27, 239–245.
Cox, R.; Revie, C.W.; Sanchez, J. The use of expert opinion to assess the risk of emergence or
re-emergence of infectious diseases in Canada associated with climate change. PLoS One 2012,
7, e41590, doi: 10.1371/journal.pone.0041590.
Ford, J.D. Indigenous health and climate change. Am. J. Public Health 2012, 102, 1260–1266.
Manigat, R.; Wallet, F.; Andre, J.-C. From past to better public health programme planning for
possible future global threats: Case studies applied to infection control. Annali Dell’Istituto
Superiore di Sanita 2010, 46, 228–235.
Bernardi, M. Global climate change—A feasibility perspective of its effect on human health at a
local scale. Geosp. Health 2008, 2, 137–150.

Int. J. Environ. Res. Public Health 2013, 10
75.

76.
77.

78.
79.

80.

81.
82.
83.

84.

85.
86.
87.
88.
89.
90.

91.

7106

Bernier, E.; Gosselin, P.; Badard, T.; Bedard, Y. Easier surveillance of climate-related health
vulnerabilities through a web-based spatial OLAP application. Int J. Health Geogr. 2009, 8, 18,
doi:10.1186/1476-072X-8-18.
Campbell-Lendrum, D.; Bertollini, R.; Neira, M.; Ebi, K.; McMichael, A. Health and climate
change: A roadmap for applied research. Lancet 2009, 373, 1663–1665.
Ford, T.E.; Colwell, R.R.; Rose, J.B.; Morse, S.S.; Rogers, D.J.; Yates, T.L. Using satellite
images of environmental changes to predict infectious disease outbreaks. Emerg. Infect. Dis.
2009, 15, 1341–1346.
Gosselin, P.; Belanger, D. Research, impacts and adaptation in public health for the new climate
of Quebec. Sante Publique (Vandoeuvre-les-Nancy, France) 2010, 22, 291–302.
Gosselin, P.; Belanger, D.; Lapaige, V.; Labbe, Y. The burgeoning field of transdisciplinary
adaptation research in Quebec (1998–): A climate change-related public health narrative.
J. Multidiscip. Healthc. 2011, 4, 337–348.
Ostry, A.; Ogborn, M.; Bassil, K.L.; Takaro, T.K.; Allen, D.M. Climate change and health in
British Columbia: Projected impacts and a proposed agenda for adaptation research and policy.
Int. J. Environ. Res. Public Health 2010, 7, 1018–1035.
Cooney, C.M. Climate change & infectious disease: Is the future here? Environ. Health Perspect.
2011, 119, a394–397.
Cooney, C.M. Preparing a people: Climate change and public health. Environ. Health Perspect.
2011, 119, A166–171.
Elliott, S.J.; Loeb, M.; Harrington, D.; Eyles, J. Heeding the message? Determinants of risk
behaviours for West Nile virus. Can. J. Public Health. Revue Canadienne de Sante Publique
2008, 99, 137–141.
Clarke, K.L.; Berry, P. From theory to practice: A Canadian case study of the utility of climate
change adaptation frameworks to address health impacts. Int. J. Public Health 2012, 57, 167–
174.
Green, E.I.H.; Blashki, G.; Berry, H.L.; Harley, D.; Horton, G.; Hall, G. Preparing Australian
medical students for climate change. Australian Fam. Physician 2009, 38, 726–729.
Majra, J.P.; Acharya, D. Protecting health from climate change: Preparedness of medical interns.
Indian J. Community Med. 2009, 34, 317–320.
Ebi, K.L. Healthy people 2100: Modeling population health impacts of climate change. Clim.
Chang. 2008, 88, 5–19.
Hsieh, J.L.; Fries, J.S.; Noble, R.T. Dynamics and predictive modelling of Vibrio spp. In the
Neuse River estuary, North Carolina, USA. Environ. Microbiol. 2008, 10, 57–64.
Karanja, D.; Elliott, S.J.; Gabizon, S. Community level research on water health and global
change: Where have we been? Where are we going? Curr. Opin. Environ. Sustain. 2011, 3, 467–470.
McClymont Peace, D.; Myers, E. Community-based participatory process—climate change and
health adaptation program for Northern First Nations and Inuit in Canada. Int. J. Circumpolar
Health 2012, 71, 1–8.
Johnson, B.J.; Sukhdeo, M.V.K. Drought-induced amplification of local and regional West Nile
virus infection rates in New Jersey. J. Med. Entomol. 2013, 50, 195–204.

Int. J. Environ. Res. Public Health 2013, 10
92.
93.

94.

95.

96.

97.
98.
99.
100.

101.

102.

103.

104.
105.

106.

7107

National Climate Change Adaptation Framework Australia. Council of Australian Governments:
Canberra, Australia, 2007.
Hanna, E.; Bi, P.; Dwyer, S.; Morris, P.; McKeller, R.; Stadler, F. National Climate Change
Adaptation Research Plan for Human Health: Update Report 2012. National Climate Change
Adaptation Research Facility: Queensland, Australia, 2012; p. 54.
McMichael, A.; Weaver, H.J.; Berry, H.; Beggs, P.; Currie, B.; Higgins, J.; Kelly, B.;
McDonald, J.; Tong, S. National Climate Change Adaptation Research Plan for Human Health;
National Climate Change Adaptation Research Facility: Queensland, Australia, 2009.
Plan National Climat de la Belgique 2009–2012—Inventaire des Mesures et état des Lieux au
31/12/2008 . Center National de Dccumentation, Belgium, 2008; p 143. Available online:
http://www.climat.be/IMG/pdf/PNC_2009-2012-2.pdf (accessed from 1 January 2009 ).
Warren, F.J.; Lemmen, D.S.; Impacts, C.C.; Program, A. Climate Change Impacts and
Adaptation: A Canadian Perspective. Climate Change Impacts and Adaptation Directorate:
Ontario, Canada, 2004.
Lemmen, D.S. From Impacts to Adaptation: Canada in A Changing Climate 2007.
Earth Sciences Sector, Natural Resources Canada: Ontario, Canada, 2008.
National Climate Change Action Plan 2008–2010. National Environmental Commission,
Department of Climate Change: Santiago, Chile, 2010; p. 86.
Observatoire National sur les Effets du Réchauffement Climatique. L’adaptation de la France au
Changement Climatique. La Documentation Française: Paris, France, 2012.
Plan National d’Adaptation de la France Aux Effets du Changement Climatique: 2011–2015.
Ministère de l'écologie, du développement durable, des transports et du logement: Paris, France,
2011; p. 187.
Cambio Global España 2020/50: Cambio Climático y Salud. Centro Complutense de Estudios e
Información Medioambiental & Instituto Sindical de Trabajo, Ambiente y Salud & Sociedad
Española de Sanidad Ambiental: Madrid, Spain, 2012.
Götz, A.; Burkhardt, A.; Manser R; Marendaz E; Willi, H.P. Adaptation aux Changements
Climatiques en Suisse: Objectifs, Défis et Champs D’action : Premier Volet de la Stratégie du
Conseil Fédéral du 2 Mars 2012. Office Fédéral de L’environnement OFEV: Bern,
Switzerland, 2012.
Les Changements Climatiques et la Suisse en 2050: Impacts Attendus sur L’environnement, la
Société et L’économie. Organe Consultatif sur les Changements Climatiques, OcCC: Bern,
Switzerland, 2007.
Climate Change Plan. Central Office of Information: London, UK, 2010.
Health Effects of Climate Change in the UK 2012—Current Evidence, Recommendations and
Research Gaps. Vardoulakis, S., Heaviside, C., Eds.; Health Protection Agency: London, UK,
2012; p. 236.
The National Adaptation Programme: Making the Country Resilient to a Changing Climate. HM
Government, The Stationery Office: London, UK, July, 2013.

Int. J. Environ. Res. Public Health 2013, 10

7108

107. The White House Council on Environmental Quality. Progress Report of the Interagency
Climate Change Adaptation Task Force: Recommended Actions in Support of A National
Climate Change Adaptation Strategy October 5, 2010. United States Government: Washington,
DC, USA, 2011.
108. Department of Health & Human Services Climate Change Adaptation Planning. HHS Climate
Change Adaptation Plan. United States Government: Washington, DC, USA, 2012.
109. Smith, T.; Thomsen, D.; Keys, N. The Australian Experience. In Climate Change Adaptation in
Developed Nations: From Theory to Practice, Ford, J. D., Berrang-Ford, L. Eds.; Springer
Dordrecht: Heidelberg, London, UK, 2011.
110. Saniotis, A.; Bi, P. Global warming and Australian public health: Reasons to be concerned.
Australian Health Rev. 2009, 33, 611–617.
111. Wilson, N.; Slaney, D.; Baker, M.G.; Simon, H.; Emma, B. Climate change and infectious
diseases in New Zealand: A brief review and tentative research agenda. Rev. Environ. Health
2011, 26, 93–99.
112. Human Health in A Changing Climate: A Canadian Assessment of Vulnerabilities and Adaptive
Capacity. Séguin, J., Ed.; Health Canada: Ottawa, Canada, 2008.
113. National Adaptation Planning: Lessons from OECD Countries. Mullan, M., Nicholas, K.,
Arnoldo, M. K., Shardul A., Eds.; OECD Publishing: Paris, France, 2013; Vol. 54.
114. Smith, J.B.; Vogel, J.M.; Cruce, T.L.; Seidel S.; Holsinger H.A. Adapting to Climate Change: A
Call for Federal Leadership. Pew Center on Global Climate Change: Arlington, Taxas, TX,
USA, 2010.
115. Bierbaum, R.; Smith, J.B.; Lee, A.; Blair, M.; Carter, L.; Chapin, F.S.; Fleming, P.; Ruffo, S.;
Stults, M.; McNeeley, S.; et al. A comprehensive review of climate adaptation in the United
States: More than before, but less than needed. Mitig. Adapt. Strateg. Glob. Chang. 2013,
18, 361–406.
116. Ebi, K.L.; Lindgren, E.; Suk, J.E.; Semenza, J.C. Adaptation to the infectious disease impacts of
climate change. Clim. Chang. 2013, 118, 355–365.
117. Kovats, R.S. Will climate change really affect our health? Results from a european assessment.
J. Br. Menopause Soc. 2004, 10, 139–144.
118. Ford, J.; Berrang-Ford, L.; Paterson, J. A systematic review of observed climate change
adaptation in developed nations. Clim. Chang. Lett. 2011, 6, 327–336.
119. Smith, J.B.; Vogel, J.M.; Cromwell, J.E. An architecture for government action on adaptation to
climate change. An editorial comment. Clim. Chang. 2009, 95, 53–61.
120. Clar, C.; Prutsch, A.; Steurer, R. Barriers and guidelines for public policies on climate change
adaptation: A missed opportunity of scientific knowledge-brokerage. Nat. Resour. Forum 2013,
37, 1–18.
121. Lesnikowski, A.C.; Ford, J.D.; Berrang-Ford, L.; Barrera, M.; Berry, P.; Henderson, J.;
Heymann, S.J. National-level factors affecting planned, public adaptation to health impacts of
climate change. Glob. Environ. Chang. 2013, 23, 1153-1163
122. Braks, M.; van der Giessen, J.; Kretzschmar, M.; van Pelt, W.; Scholte, E.J.; Reusken, C.; Zeller, H.;
van Bortel, W.; Sprong, H. Towards an integrated approach in surveillance of vector-borne
diseases in Europe. Parasit. Vector. 2011, 4, 192, doi: 10.1186/1756-3305-4-192.

Int. J. Environ. Res. Public Health 2013, 10

7109

123. Dovers, S. Normalizing adaptation. Glob. Environ. Chang. 2009, 19, 4–6.
124. Ford, J.D.; Pearce, T.; Duerden, F.; Furgal, C.; Smit, B. Climate change policy responses for
Canada’s inuit population: The importance of and opportunities for adaptation. Glob. Environ.
Chang. Hum. Policy Dimens. 2010, 20, 177–191.
125. Ribot, J. Vulnerability before adaptation: Toward transformative climate action. Glob. Environ.
Chang. Hum. Policy Dimens. 2011, 21, 1160–1162.
© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).

