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Abstract

Pacific island countries are among the most vulnerable in the world to the impacts of climate
change, including the many and varied effects on human health. The vast majority of these
health impacts are expected to be negative and the burden of climate change-attributable
ill-health will be maldistributed, with the greatest suffering likely to be experienced by the

poor.

The objectives of the research described in this thesis were:

a) To critically appraise various methods of assessing climate change and health
vulnerabilities in Pacific island countries;

b) To establish the key climate-sensitive health risks in each country; and

c) To develop an evidence base for health systems adaptation to climate change in the

Pacific region.

Thirteen countries participated in this regional climate change and health vulnerability
assessment and adaptation planning project between 2011 and 2013: Cook Islands,
Federated States of Micronesia, Fiji, Kiribati, Marshall Islands, Nauru, Niue, Palau, Samoa,
Solomon Islands, Tonga, Tuvalu and Vanuatu. This project, supported by the World Health
Organization South Pacific office, employed a range of quantitative and qualitative
techniques in the assessment and stratification of climate change and health risks for each

country and the development of regional and country-specific adaptation strategies.

The thesis presents the results of these analyses and describes in detail the predominant
risks to health posed by climate change in the Pacific. These include: injuries and trauma;
compromised safety and security of water and food (leading to malnutrition and
gastrointestinal infections); vector-borne diseases; heat-related illnesses; zoonoses;
respiratory ailments; psychological and emotional ill-health; increasing morbidity and
mortality from non-communicable diseases; population pressures; and increased strain and

pressure on health systems in these small island developing states.

Correspondingly, the adaptation themes common across the region relate to improving the

safety and security of food supplies and water, sanitation and hygiene facilities; enhancing



infectious disease surveillance and response capabilities; building resilience within health
systems and of health infrastructure; and increasing the accuracy and efficiency of

communication and collaboration between the health sector and other agencies.

The results of these assessments have been compiled into national climate change and
health adaptation plans for each country, and synthesised in a World Health Organization

report published in late 2015.

The thesis summarises the main categories of adaptation strategies planned around the
region and the health systems and policy landscape within which adaptation is taking place.
In doing so, the thesis combines overviews of the vulnerabilities and adaptation plans from a
regional perspective, along with examples of specific countries, including Federated States

of Micronesia, Fiji, Kiribati and Vanuatu.

The overall aim of this work is to enhance the ability of individuals, communities and health
systems in the region to withstand the pressures and hazards posed by climate change, by
providing a body of scientific evidence and a basis for sound policies aimed at protecting the
health of Pacific Island people. It is clear that this will necessarily involve substantial support
from wealthier countries — the messages are increasingly clear; the audience is global; and

the timing is urgent.
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1.1 Introduction to the Pacific

The Pacific region is home to several million people, inhabiting tens of thousands of islands

shared between more than twenty countries and territories that together constitute the so-

called Blue Continent (Map 1.1).
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Map 1.1. Pacific island countries and territories (showing Exclusive Economic Zones, or EEZs).
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Source: CartoGlS, College of Asia and the Pacific, The Australian National University

In few other places in the world are the effects of climate change as visible or tangible as the
Pacific. The leaders of the region know this, and are among the most outspoken on the
global stage on issues such as climate change mitigation and disaster risk reduction - related
risks in one of the most disaster-prone and climate change-susceptible regions of the

world.>?

In the Pacific, climate change is not an environmental issue. Nor is it only an issue affecting
health. Rather, it represents both an existential threat and an overarching impediment to

development and the betterment of the lives of Pacific Island people.?
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As Vanuatu’s President Baldwin Lonsdale stated, incisively and emotionally, regarding the
impact and implications of Cyclone Pam in March 2015: “It’s a setback for the government
and the people of Vanuatu... all this development has been wiped out. Climate change is
contributing to the disasters in Vanuatu... the hazards of global warming affect our people in
different ways, and it is a catastrophe that impinges on our rights ...and our survival into the
future”'. The imperative to address this “catastrophe” by researching the impacts of climate

change on human population health in the Pacific is the key premise of this thesis.

1.2 Background to climate change and health in the Pacific

Assessment of the climate change vulnerabilities of Pacific island countries (PICs)
commenced in the early 1990s, with the compilation and submission of Initial National
Communications to the United Nations Framework Convention on Climate Change (UNFCCC)
and, for the least-developed countries (LDCs) in the region, preparation of National
Adaptation Programmes of Action (NAPAs). At this time, the international public health
community, led by the World Health Organization (WHQO) was still in the preliminary stages
of conducting research and providing guidance to countries — largely based on informed
speculation — on assessing health vulnerabilities and proposing adaptation strategies to
manage these threats to health.* Thus, the health sector’s contributions to these early
assessments and adaptation plans were relatively light, and lacking in strong evidence to

support the details contained therein.’

The late 2000s saw a significant scale-up of political commitment and financial and technical
support for PICs to address climate change vulnerabilities, including impacts on human
health. The key policy instruments for this at a regional level were WHQO’s Regional
Framework for Action to Protect Human Health from Effects of Climate Change in the Asia-
Pacific Region6 and the Pacific Health Ministers’ Madang Commitment,” which committed all
countries in the region to action on climate change and health, with particular emphasis on

vulnerability assessment and adaptation planning.

These were the much-needed catalysts for the initiation of this focused, evidence-based,

policy-oriented climate change and health research in Pacific region.

! http://www.weather.com/storms/hurricane/news/cyclone-pam-vanuatu-climate-change
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With guidance from WHO and funding from governments (notably Japan and the Republic of
Korea) and international donor agencies (principally, the Global Environment Facility — GEF),
a regional climate change and health project commenced in the Pacific in 2010. This project,
which forms the foundation of this thesis, was conducted via different processes in each
country; the end result for almost all countries involved was the compilation of a National
Climate Change and Health Action Plan (NCCHAP), or an equivalent thereof. The processes
and outcomes of this work are described in this thesis, in addition to the corresponding

WHO report (see below).

1.3 Aims and scope

The research presented in this thesis formed the foundation of the climate change and
health vulnerability assessments and adaptation planning processes in thirteen Pacific island
countries (PICs): Cook Islands, Federated States of Micronesia (FSM), Fiji, Kiribati, Marshall

Islands, Nauru, Niue, Palau, Samoa, Solomon Islands, Tonga, Tuvalu and Vanuatu.

The overall objectives of this research and related project work were:

- to assess the vulnerabilities of Pacific island countries to the likely health impacts of
climate change;

- to prioritise each country’s climate-sensitive health risks according to perceived
likelihood and impact; and

- to plan adaptation strategies to minimise such threats to health.

A suite of research activities was undertaken to meet these objectives, which align with the

themes of the research. The research questions and methods are elaborated in Chapter 3.

It should be noted that all of the research work contained in this thesis, including the
publications, is in addition to the reports routinely compiled by WHO for the regional project
on health vulnerability and adaptation assessments. In other words, this thesis provides
invaluable added value in the research and academic domains which goes substantially
beyond the operational work conducted as part of the underlying WHO project to which this

research was linked.
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In terms of the geographic scope of the project, it is acknowledged that not all PICs could be
included, for various reasons. Papua New Guinea, for example, had already undertaken a
health vulnerability and adaptation assessment in 2010. The French territories, including
French Polynesia, New Caledonia and Wallis and Futuna, had separate support for related
work from the Secretariat for the Pacific Community. Other small territories such as
Tokelau, Commonwealth of the Northern Mariana Islands and Pitcairn Island, affiliated with
New Zealand, the USA and UK respectively, are yet to receive dedicated support for health

adaptation, but must not be overlooked as this work continues.

1.4 Thesis structure

This thesis is composed of a series of published works that address the three key themes
above. The journal papers and textbook chapters included constitute the most
comprehensive overview of climate change and health in the Pacific region to date.

These were complemented by a WHO report entitled Human Health and Climate Change in

Pacific Island Countries, published in late 2015, of which | am lead author.

The thesis also contains sections on methods, discussion points and conclusions that link the

published papers together into a coherent body of work.

The outline of the thesis is as follows:

Chapter Two gives an overview of climate change and health theory, with a focus on the
work of WHO and the Intergovernmental Panel on Climate Change (IPCC) in determining
global and regional health vulnerabilities and proposing methods for carrying out such

assessments.

Chapter Three describes the methods employed in this research and compares the

approaches taken in different countries involved in this project.

Chapter Four provides an overview of the processes, outcomes and implications of the
WHO-supported climate change and health projects conducted in the Pacific between 2011

and 2015. This paper sets the scene for the country-specific papers that follow.
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In Chapters Five, Six and Seven, three papers are presented which describe the distinct
approaches employed in the climate change and health vulnerability assessment and
adaptation planning processes in three different Pacific island countries — FSM, Vanuatu and

Kiribati.

Chapters Eight and Nine focus on Fiji, with linked papers published two years apart — both in
the Fiji Journal of Public Health — describing the disease-oriented approach to vulnerability
and adaptation in that country, which was one of seven to participate in a WHO-led, GEF-

funded global climate change and health pilot project.

The paper in Chapter Ten illuminates an unprecedented convergence of health risks in the
Pacific, as climate change has the potential to act in synergy with non-communicable
diseases (particularly diabetes) to increase the risk of communicable diseases such as
tuberculosis — a disease not hitherto considered in the literature to be “climate-sensitive”.
Chapter Eleven provides a regional, historical perspective on health systems governance as it
applies to climate change adaptation. This paper places health adaptation in the context of
the “Healthy Islands” vision — the overarching policy framework for health systems in the

Pacific.

Chapters Twelve and Thirteen conclude the thesis with discussion of the research findings,

synthesis of the implications and recommendations arising from the work contained therein.

Annex 1 is a chapter published in a textbook dedicated to Tony McMichael, one of the
leaders of the field of climate change and health research, and one of the supervisors of my
PhD until his death in 2013. This publication describes some of Tony’s outstanding
contributions to the field of climate change and health and places his pioneering work in the

context of the Pacific regional project.

All papers included in this thesis were prepared during the period of doctoral candidature,
and are reproduced with the permission of the co-authors and respective publishing

companies.
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2.1 Climate change — a global perspective

Since the late nineteenth century, it had been recognised that the Earth’s average ambient
temperature was increasing, and it was suspected that this was closely correlated with
atmospheric carbon dioxide concentrations.’ The two key features that distinguished this
modern period of warming from earlier planetary climate cycles were the rate of
temperature rise and the identification of a sudden acceleration around the time of the

Industrial Revolution, which has continued over the last century (Figure 2.1).
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Figure 2.1 Historical global atmospheric carbon dioxide concentrations (top) and ambient
temperatures (bottom). Source: Reproduced with permission from GRID-Arendal
(http://www.grida.no/graphicslib/detail/historical-trends-in-carbon-dioxide-concentrations-and-

temperature-on-a-geological-and-recent-time-scale a210)
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The combination of carbon dioxide and other heat-trapping (“greenhouse”) gases in the
atmosphere, such as methane, has multiple, complex effects on hydro-meteorological
systems. These effects manifest as detectable variations in weather (short-term) and
climate (long-term), which are collectively known as “climate change” and are
acknowledged to be the consequence of human activity (i.e. anthropogenic) — hence the

introduction of the term “anthropocene” to describe the modern era.”?

The IPCC, in its Fifth Assessment Report (2013), documents the main categories of climate-
related phenomena for which changes have been recorded since modern measurements
began (approximately mid-twentieth century), along with an assessment of the contribution
of human activity to these changes, and the likelihood of further changes over the course of

the twenty-first century. These findings are summarised in Table 2.1 below.

Table 2.1 Global climate change phenomena. Source: Adapted from IPCC, 2013*

Phenomenon and direction of trend Assessment of human Likelihood of further
contribution to observed changes | changes this century

Warmer and/or fewer cold days and nights Very likely Virtually certain

over most land areas

Warmer and/or more frequent hot days and | Very likely Virtually certain

nights over most land areas

Increased frequency and/or duration of Likely Very likely

heat waves over most land areas

Heavy precipitation events - increase in the Medium confidence Very likely

frequency, intensity, and/or amount of

heavy precipitation

Increased incidence and/or magnitude of Likely Very likely

extreme high sea level

Increases in intensity and/or duration of Low confidence Likely

drought

Increases in intense tropical cyclone activity | Low confidence More likely than not

11
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2.2 Climate change in the Pacific

In the Pacific, a regional technical collaboration between the Commonwealth Scientific

Industrial and Research Organisation, Australian Bureau of Meteorology and meteorology

departments from over a dozen PICs, known as the Pacific Climate Change Science and

Adaptation Program (PCCSP), published a series of scientific reports in 2011 providing

detailed climate change observation and projection information for all countries in the

region. The major climate change phenomena predicted for the Pacific region through the

work of PCCSP are summarised in Table 2.2.

Table 2.2 Pacific climate change phenomena. Source: Adapted from PCCSP, 2011°

Climate change phenomenon

Expected change in Pacific region

Increasing air temperature

Increase by up to 1°C by 2030 and 3°C by 2090, with large increases in
incidence of heat waves and extremely hot days and nights

Increasing sea-surface
temperature

Increase across region, maximal in central equatorial Pacific

Altered rainfall patterns

Increase in total annual rainfall, heavy rainfall days and frequency and
severity of extreme rainfall events (with flooding potential)

Humidity

Little overall change due to increase in both production of water
vapour and potential atmospheric water vapour-holding capacity

Evapotranspiration

Increase in several areas with potential for resulting increased aridity

Sea-level rise

0.55-1.0m increase by 2100

Ocean acidification

Increase across region

The effects of sea-level rise, particularly in combination with increased storm surges, in

terms of the immediate physical hazards and the loss of land and livelihoods that entails, are

visible, tangible and literally life-threatening realities for Pacific island communities. Climate

change poses an existential threat for the atoll countries of Kiribati, Marshall Islands and

Tuvalu, where the vast majority of the population live in overcrowded conditions less than

two metres above sea level. Tuvalu’s former Prime Minister, Bikenibeu Paeniu has reflected

that “...in my grandchildren’s lifetime, maybe even earlier, they may not have a nation to live

. . 1
in... Sooner or later, Tuvalu will eventually be submerged underwater”".

! Interview for “New Flags Flying — Pacific Leadership” series, Radio New Zealand, 2011.
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2.3 Impact, risk and vulnerability

In exploring and attempting to explain the human dimensions of the consequences of
climate change, terms that are used in the literature include impact, risk and vulnerability.
The IPCC definitions of these terms are provided here,® as the sense in which they will be
applied in this thesis. In doing so, it is acknowledged that many alternative definitions of
vulnerability make explicit recognition of other contributing factors, particularly those in the
socio-economic and development domains, which are also linked to health. Nevertheless,

for clarity and coherence, the IPCC definition will be the definition referenced in this thesis.
Impact: An effect on natural and human systems; in particular, effects on lives, livelihoods,
health status, ecosystems, economic, social and cultural assets, services and infrastructure

due to the interaction of climate changes or hazardous climate events.

Risk: The potential for consequences where something of human value (including humans

themselves) is at stake and where the outcome is uncertain.
Vulnerability: The propensity or predisposition to be adversely affected; this encompasses a
variety of concepts including sensitivity or susceptibility to harm and lack of capacity to cope

and adapt.

These distinct but related terms overlap with other concepts such exposure and hazard, as

SOCIOECONOMIC
PROCESSES
Socioeconomic
Pathways

depicted in Figure 2.2.

CLIMATE

Natural
Variability

Adaptation and
Mmganon
Anthropogenic
Climate Change

Governance

EMISSIONS
and Land-use Change

Figure 2.2 The intersecting concepts of hazard, exposure, vulnerability, risk and impact
Source: IPCC, 2014
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2.4 Health impacts of climate change

The impacts of climate change on human health range from the immediate and obvious to
the insidious and obscure. A paradigm used by many, including the IPCC, to consider and
explain these effects, is to describe them in terms of their mechanism and directness of
action, for example: direct, indirect and diffuse; or primary, secondary and tertiary (see

Table 2.2).5"

Table 2.2 Climate change and health exposure-impact pathways

Impact category | Examples of impact pathways and consequences

Primary Direct biological consequences of heat waves (e.g. cardio-respiratory arrests);
traumatic injuries and deaths from extreme weather events such as cyclones

Secondary Changes in biophysically and ecologically based processes and systems, particularly
food yields, water flows and the range and behaviors of vectors such as mosquitoes,
causing increases in diseases such as malaria, dengue fever and diarrhoeal disease

Tertiary Loss of land and livelihoods, population displacement and conflict leading to mental
health disorders and social dysfunction.

These effects may be moderated by efforts to minimise exposure, vulnerability and risk,

which in the context of climate change are known as adaptations.®!

Throughout the first decade of this century, as increased attention was paid to the risks

12718 the list of diseases

posed by climate change on health and the evidence basis expanded,
and categories of ill-health considered sensitive to climate change grew steadily. WHO
developed models for estimating climate change-attributable burdens of diseases,"’ and
included climate change in its quantitative assessments of the global causes of illness and

death.®®*®

The latest of these, published in 2014, projects that the annual excess mortality
due to climate change around the year 2030 will be approximately 250 000 deaths, taking
into account only the burden of additional heat-related iliness, diarrhoeal disease, malaria

and malnutrition.*

The IPCC has described what it sees as the main categories of climate-sensitive health risks,
and provided levels of confidence with which these burdens of disease are predicted to

increase due to climate change. These effects and predictions are summarised in Table 2.3.
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Table 2.3 Summary of the anticipated global health impacts of climate change, with confidence
levels. Source: Adapted from IPCC, 2014"

Health impact Confidence rating

Greater risk of injury, disease and death due to heat waves and extreme Very high
weather events such as fires, floods and tropical storms

Increased risks of food- and water-borne diseases Very high

Increased risk of under-nutrition (resulting from diminished food production in High
poor regions)

Increased risk of vector-borne diseases Medium

Modest improvements in cold-related morbidity and mortality Low

2.5 Climate change and health in the Pacific region

The literature on climate change and health in the Pacific prior to 2010 is, broadly speaking,
limited to that inferred from the work of the IPCC and other studies related to small island

20,21

states; hypothesised based on the climate change research conducted in the Pacific (but

not specific to health);**** included in health vulnerability assessments for the wider Asia-
Pacific®® and Oceania®® regions; or extrapolated from country-specific studies, such as the

.. . 27
preliminary assessment in Samoa.

The small number of notable publications from this period that specifically addressed health

. . epr . . 28—
and climate change in Pacific island countries®®°

were based and informed speculation,
without recourse to in-country research, as had been the case for the early work on climate
change and health on a global scale in the 1990s.*" These publications were thus largely
restricted to generalities, such as pointing out the potential risks to Pacific communities of
increasing food-, water- and vector-borne diseases; extreme weather events; and
malnutrition, without linking these with empirical data or providing estimates of future
climate change-attributable burdens of disease. However, despite their limitations, these

early reports laid the foundation for subsequent health vulnerability assessments, and made

clear the need for strong governance mechanisms to enable effective adaptation.?®
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2.6 Rationale for this research

By 2010, with the aforementioned regional climate change and health mandates in

2 . . .
3233 there was consensus regarding the urgent need to carry out national climate

place,
change and health vulnerability assessments and plan adaptation strategies for all countries
in the Pacific region. With WHO having led the establishment of general principles and
evidence-based guidelines for these processes,***” this project commenced in late 2010,
with the following overarching objective: “To strengthen country-level capacities with
respect to research and policy-making relevant to climate change and health, by supporting

vulnerability assessments, data collection and analysis, and preparation of draft national

action plans for climate change and health in Pacific island countries”.

The work presented in this thesis represents the research that was woven through this
regional project, providing the evidence basis for the findings and adaptation plans for each

country and the region as a whole.

The research components of the project, led by the author as a doctoral programme of
work, thus sought to address the following critical gaps in knowledge regarding climate
change and health in the Pacific that existed prior to commencement of the project and the

author’s related PhD:

e Comparative analysis of the optimal methods of assessing health vulnerability and
adaptation strategies in the severely resource-constrained environments in Pacific
island countries;

e Identification of the risks to health posed by climate change for individual Pacific
island countries and the region as a whole, as determined by quantitative and
qualitative vulnerability assessment techniques; and

e Establishment of priorities for health systems adaptations to protect human health

from climate change in the region.
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3.1 Key research questions

The key research questions for this PhD were as follows:

1. What methods may be used to assess climate change and health vulnerabilities in
the Pacific, and how do these methods compare in terms of their focus, feasibility,
usefulness and relevance to Pacific island countries?

2. What are the most significant risks to health posed by climate change in the Pacific
region?

3. What are the main opportunities and challenges in terms of implementing effective

climate change and health adaptation strategies in Pacific island countries?

These key questions — necessarily broad in scope — were addressed by the author over the
duration of the climate change and health project conducted by WHO in the Pacific via a
three-phase process involving collection of data, assessment of vulnerabilities and planning

of adaptation strategies to minimise the health impacts of climate change in the region.

e The first phase involved inception workshops, which brought together country
representatives and consultant teams to review the current state of knowledge on
climate change and health, and discuss vulnerabilities and approaches to adaptation

relevant to each country.

e During the second phase, the international support teams visited each of the countries
for further stakeholder consultations, examination and analysis of the available local
data on climate and climate-sensitive diseases, and prioritisation of climate-sensitive
health risks. Stakeholders in this process included government and nongovernment

agencies, community representatives and the private sector.

e Inthe final phase, during return visits to each country, WHO teams assisted the country
teams in drafting national climate change and health action plans that reflected key
vulnerabilities and adaptation priorities with respect to the country-specific health

impacts of climate change.

The research methods involved in each of these three phases are elaborated in turn below.
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3.2 Assessing vulnerability

The process recommended by WHO to assess health vulnerabilities to climate change is well

articulated in the literature,” and is generally considered to involve the following steps:

- determining the scope of the assessment;

- describing the current distribution and burden of climate-sensitive diseases;

- identifying and describing current strategies, policies and measures that reduce the

burden of climate-sensitive diseases;

- reviewing the health implications of the potential impact of climate change and

variability on other (non-health) sectors;

- estimating the future potential health impact using scenarios of future climate

change, population growth and other factors, and describing the related

uncertainty; and

- assembling the results and drafting a scientific assessment report.

The processes outlined above are intended to be placed within the broader health policy

landscape, and include feedback loops that inform adaptation planning and enable

evaluation. These links are depicted in Figure 3.3.

Frame and scope assessment

Defining the
geographical region
and health
outcomes of interest;
Identifying the
questions to
be addressed and
steps to be used;

Identifying the policy

context for the
assessment;
Establishing a project
team and a
management plan;
Establishing a
stakeholder process;
Developing a
communications plan.

Assess

Vulnerability:
Current burden
of disease
Current health
protection
programmes

Future impacts:
Changing burden
without
climate change
Projected health
impacts of climate

Adaptation:
Identify and
prioritize additional
interventions
Identify resources
and barriers to
implementation

Manage and monitor risks

Health harms
and benefits in
other sectors

Communicate
plan and
implement

Monitor and
evaluate

Figure 3..3 Overview of the climate change and health vulnerability assessment process.

Source: Based on Kovats et a, 2003*
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A detailed comparison between the WHO vulnerability assessment and adaptation planning
framework and the process implemented in the Pacific regional project is provided in the

following chapter.

WHO has also provided guidance on the statistical techniques that may be used to estimate
the burdens of ill-health attributable to climate change in present and future periods.>* This
requires complete and reliable baseline data, and correlation of disease burdens (e.g.
incidence) with climatic factors (e.g. temperature or rainfall). These statistical associations
are then extrapolated forward in time based on robust climate projection data. In its ideal
form, this process also enables an estimation of the morbidity and mortality that may be
avoided under various scenarios, such as mitigation (i.e. the arresting of climate change at a

particular point in time).

Figure 3.4 shows the process by which such estimates may be made if the abovementioned

data requirements are met.

Stabilization scenario
adopted at time T,*

l

Attributable burden at T, due to prior 7 Unmitigated
climate change = alla + b) P
Avoidable burden at T, after stabilization P - _y sI50 c
at 550 ppmv at T, = cl{c + dP** - - l
- o
8 pr L. )
-§ _ /Avoigﬁb_le burden b;cimam
2 //’,’stnbliabonfl'omro
é P 2T Stabilization
LR - - at19%1-1900 d
Burden. b. not ila Unavoidable burden i climate
attributable to '
climate change > | p
: A
: i \
I I vl I I I I I I |
<— Past T, Future —_—> T
2000 Time

& = amount of disease at 7 attributable to prior anthropogenic climate change

b = amount of disease at T, not attributable to prior anthropogenic climate change

¢ = amount of disease avoidable at 7, with GHG stabilization at 550 ppmv at 7,

d = amount of disease predicted at T,, despite GHG stabilzation at 550 ppmv at T,
*Dashed arrows represent total of burden after a given shift in risk distributions at T
**Avoidable burden by T, would be given by ratio of different shaded areas

Figure 3.4 Estimating attributable and avoidable risk of disease burden(s) due to climate change
(GHG: greenhouse gases; ppmv: parts per million by volume; T: time)
Source: Campbell-Lendrum et al, 2006°
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In the Pacific island countries included in this project, the highly variable (and often poor)
availability, reliability and completeness of data typically prohibited the sophisticated
attribution and projection modeling described in the WHO guidelines. Examples of the
compromised quality of disease data included incomplete records; lack of confirmatory
diagnostics — and thus reliance on case-based surveillance; and likely misclassifications (e.g.
the inability to distinguish between causes of acute febrile illnesses such as dengue fever
and leptospirosis, particularly in the setting of disasters and outbreaks). The quality of
climate data across the region was often of a higher standard (in terms of its reliability and
completeness), but rarely covered time periods long enough to enable the detection of

statistically significant associations with variations in disease trends.

Some countries — notably FSM, Marshall Islands, Palau and Fiji — strove to use the best
available data to construct climate-disease exposure-response models, and included these
statistical analyses in their vulnerability assessments. The techniques employed to model
climate-disease associations included time series analyses, Poisson regression and
distributed lag non-linear modeling, along with spatial analysis for detection of “hotspots”,
all of which have strong precedents in the literature for their use in this context.”™

Examples of such quantitative models are provided for FSM and Fiji in this thesis.

In other Pacific island countries, a more qualitative approach was taken to the vulnerability
assessment process. Specifically, a modified version of the Environmental Health Impact
Assessment (EHIA) framework, adapted for use in the climate change context’ and piloted
successfully in Australia,’® was employed in the vulnerability assessments for Solomon
Islands, Vanuatu and Nauru. This highly iterative and consultative approach, which
considers various aspects of vulnerability from across society and policy areas, was
particularly useful in the Pacific island country context,'! given the frequent absence of
sufficiently robust data available for quantitative analysis. The steps involved in this

modified EHIA approach, as it was carried out in Vanuatu, are described in Chapter Six.

The approach taken in each Pacific island country was determined by the availability of
relevant data and the preference of the national team, as well as the analytical methods
considered most appropriate for each country’s context. These are presented in detail in

the following chapters.
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3.3 Prioritising risk

A critical feature of the vulnerability assessments conducted in the Pacific — as elsewhere —
was the consideration of the range of plausible hazards posed by climate change on health
and the stratification of these according to the level of risk represented. Levels of risk were
determined as a function of each hazard’s likelihood and consequence (the latter may, in
this context, be considered synonymous with “impact”), as it was perceived to pertain to
each country. This approach has its historical roots in risk assessment theory,'” and has for
decades been applied to policy development in the fields of environment,™ health* and,

more recently, climate change and health."

The risk stratification process is further elaborated in Chapter Four and examples of country-

specific outcomes are presented in Chapter Five (for FSM) and Chapter Six (Vanuatu).

3.4 Planning adaptation

Adaptation strategies for each PIC were planned according to the outcomes of the

respective vulnerability assessment and risk stratification processes — see Chapter Four.

Some of the key characteristics of climate change and health work in the Pacific mentioned
above — for example, the variations in inter-country methodologies and inconsistencies in
data availability — meant that the adaptation planning process generally favoured a “no/low
regrets” approach. In practice, this meant that the national plans for health adaptation
aimed to increase the capacity of the health system, and society more broadly, to manage
climate risks with a view to reducing climate change and health vulnerabilities while

increasing the opportunities for sustainable development.®

Thus, Pacific island countries followed a highly pragmatic approach to adaptation that
sought to strengthen health systems resilience and capacity to meet contemporary
challenges, as well as the longer-term hazards posed by climate change. This is consistent
with the approach recommended for weak health systems, such as those in the small island
developing states of the Pacific.'"” The main advantages of this approach are discussed in

more detail in Chapter Eleven, and some critical limitations explored in Chapter Twelve.
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island countries: a regional assessment of vulnerabilities
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Prelude

This chapter summarises the Pacific regional climate change and health project in terms of
its processes, outcomes and implications. The focus is on the methods and results of the
vulnerability assessments carried out across the region, linked with the priority adaptation

strategies planned in Pacific island countries.

It is the most up-to-date and comprehensive synthesis of knowledge regarding climate
change and health in the Pacific, and complements the forthcoming WHO report entitled
“Human Health and Climate Change in Pacific Island Countries”, compiled by the same

authors, published in late 2015.

This paper references the other published works included in this thesis, thus incorporating
the country-specific components of the regional project, and also describes the common
themes to have emerged from the vulnerability assessments and adaptation planning

processes throughout the region.

The candidate’s estimated proportional contributions to this paper were as follows:

Research design: 70%
Analysis and interpretation: 80%
Authorship of paper: 90%

This paper is reproduced with the permission of the National Institute of Environmental

Health Sciences (USA), publishers of Environmental Health Perspectives.

Reference: Mclver L, Kim R, Woodward A, Hales S, Spickett J, Katscherian D, Hashizume M,
Honda Y, Kim H, Iddings S, Naicker J, Bambrick H, McMichael A, Ebi K. Health impacts of
climate change in Pacific island countries. Environmental Health Perspectives 2015 (doi:

http://dx.doi.org/10.1289/ehp.1509756).
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Abstract

Background: Between 2010 and 2012, the World Health Organization Division of Pacific
Technical Support led a regional climate change and health vulnerability assessment and
adaptation planning project, in collaboration with health sector partners, in thirteen Pacific
island countries - Cook Islands, Federated States of Micronesia, Fiji, Kiribati, Marshall
Islands, Nauru, Niue, Palau, Samoa, Solomon Islands, Tonga, Tuvalu and Vanuatu.
Objective: To assess the vulnerabilities of Pacific island countries to the health impacts of
climate change and plan adaptation strategies to minimize such threats to health.

Methods: This assessment involved a combination of quantitative and qualitative techniques.
The former included descriptive epidemiology, time series analyses, Poisson regression and
spatial modeling of climate and climate-sensitive disease data, in the few instances where this
was possible; the latter included wide stakeholder consultations, iterative consensus-building
and expert opinion. Vulnerabilities were ranked using a “likelihood versus impact” matrix,
and adaptation strategies prioritized and planned accordingly.

Results: The highest priority climate-sensitive health risks in Pacific island countries include
trauma from extreme weather events; heat-related illnesses; compromised safety and security
of water and food; vector-borne diseases; zoonoses; respiratory illnesses; psychosocial ill-
health; non-communicable diseases; population pressures and health system deficiencies.
Adaptation strategies relating to these climate change and health risks can be clustered
according to categories common to many countries in the Pacific region.

Conclusion: Pacific island countries are among the most vulnerable in the world to the health
impacts of climate change. This vulnerability is a function of their unique geographic,
demographic and socioeconomic characteristics, combined with their exposure to changing
weather patterns associated with climate change, the health risks entailed, and the limited

capacity of the countries to manage and adapt in the face of such risks.
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Introduction

Climate change is widely acknowledged as one of the most serious global threats to future
human population health and international development (Costello et al. 2009; Stephenson et
al. 2013; Woodward et al. 2014). The Fifth Assessment Report (ARS) from the
Intergovernmental Panel on Climate Change (IPCC) affirms that recent decades have seen
warming air and ocean temperatures; altered precipitation patterns; changes in the frequency
and intensity of some extreme events such as droughts, floods and storms; and rising sea
levels (Field et al. 2014). The ARS also asserts with greater confidence that recent warming
is largely attributable to human activity than reported by the assessment published in 2007
(Parry et al. 2007). Further, there is increasing certainty these trends will continue or, in

some cases, accelerate (Field et al. 2014).

A changing climate has significant and diverse impacts on human health (McMichael and
Lindgren 2011; Woodward et al. 2014). The pathways by which climate change affects
health vary according to their modes of action and include primary or direct effects (e.g.
injuries and deaths caused by extreme weather events such as cyclones); secondary or
indirect effects (e.g. the increasing geographic range of, and population exposed to, vectors
that spread disease); and tertiary, diffuse and/or delayed effects (e.g. disruptions to health and

social services) (Butler and Harley 2010; McMichael 2013).

Pacific island countries (PICs) are among those most vulnerable to the health impacts of a
changing climate (Hanna and Mclver 2014; Woodward et al. 2000). This vulnerability is a
function of their exposure to changing weather patterns associated with climate change, the
health risks entailed, and the limited capacity of the countries to manage and adapt in the face
of such risks. The climate change phenomena occurring in the Pacific pose a suite of health

hazards to the island communities across the region. A conceptualization of the pathways by
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which climate change will affect health in the Pacific and the major anticipated impacts

throughout the region is shown in Figure 1.

In PICs, this vulnerability reflects the unique geographic, demographic and socio-economic
characteristics of small island developing states (SIDS) (Table 1) which, combined with their
contemporary burden of ill-health and relatively low health systems capacity, give credence
to their epithet of “canaries in the coalmine” of climate change and health (Hanna and Mclver

2014).

Recognizing the risks to health posed by climate change, the WHO Regional Offices for the
Western Pacific and South-East Asia issued a joint Regional Framework for Action to Protect
Human Health from the Effects of Climate Change in the Asia-Pacific Region (WHO 2007).
This Framework committed all countries in the region to increasing awareness of climate
change and health; strengthening the capacity of health systems to protect against climate-
related health risks and reduce greenhouse gas emissions in the health sector; and ensuring
that health concerns were addressed in climate action in other sectors. Specific actions
mandated in the Framework included supporting formalized climate change and health
vulnerability assessments, and leading the health sector’s contribution to national adaptation

planning processes in the region.

Subsequently, the health ministers of PICs strengthened their commitments to action on
climate change at their biennial meeting in Madang, Papua New Guinea, in 2009. The
Madang Commitment included further recommendations related to vulnerability assessments
and adaptation planning, framing these within the Healthy Islands vision for health systems

development in the Pacific (Galea et al. 2000; WHO 2009).
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This paper describes the process and outcomes of climate change and health vulnerability
assessments in thirteen SIDS in the Pacific region: Cook Islands, Federated States of
Micronesia, Fiji, Kiribati, Marshall Islands, Nauru, Niue, Palau, Samoa, Solomon Islands,

Tonga, Tuvalu and Vanuatu (see map in Figure 2).

The paper reports how these assessments link with adaptation planning; highlights some of
the unique challenges facing PICs in the context of climate change; and summarizes the
corresponding recommendations arising from the regional project. This paper is aimed at a
general scientific audience, and is a synthesis of the key technical findings and policy
implications of the forthcoming WHO report entitled Human Health and Climate Change in

Pacific Island Countries (Mclver et al. 2015a).

Methods

Between 2010 and 2012, the WHO Division of Pacific Technical Support, with support from
the Western Pacific Regional Office (WPRO) and funding from the governments of Republic
of Korea and Japan, led a regional climate change and health vulnerability and adaptation
project involving eleven PICs: Cook Islands, Federated States of Micronesia (FSM), Kiribati,
Marshall Islands, Nauru, Niue, Palau, Solomon Islands, Tonga, Tuvalu and Vanuatu. This
project was implemented in three phases, with the eleven countries divided into three groups
on broadly geographic lines, and a team of expert climate change and health consultants
guiding and assisting each group. These eleven countries form the majority of independent
or autonomous states in the Pacific region, along with Fiji and Samoa, which carried out
related projects (see below). Papua New Guinea has been involved in a separate climate
change and health project, along with other countries in the Western Pacific region, so was
not included; the French territories of New Caledonia, French Polynesia and Wallis and

Futuna were excluded for similar reasons.
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In the first phase, sub-regional inception meetings were held in Auckland, New Zealand (for
the group that included Cook Islands, Kiribati, Niue, Tonga and Tuvalu); Honiara, Solomon
Islands (for Nauru, Solomon Islands and Vanuatu); and Pohnpei, FSM (for FSM, Marshall
Islands and Palau). During these meetings, the science of climate change and health was
reviewed, along with the relevant work hitherto conducted in each country, and plans were

laid for the in-country vulnerability assessment and adaptation planning phases of the project.

The second phase involved a mixed-methods approach to ascertain each country’s climate-
sensitive health risks, based on a combination of review and analysis of climate and health
data; stakeholder consultations; and an assessment of the potential impacts of a changing
climate across different aspects of society. Where possible, epidemiological analysis was
carried out on the available data on historical climate variables and climate-sensitive diseases
(e.g. diarrhoeal disease, dengue fever and leptospirosis). This was only possible in some
countries, where the data was adequate (in terms of quality and quantity) and the technical
support was available. The sophistication of the modeling undertaken ranged from simple
reviews of disease burdens and weather patterns in Kiribati (Mclver et al. 2014) to Poisson
regression models in FSM (Mclver et al. 2015b) and similar techniques, combined with
spatial modeling, for multiple climate-sensitive diseases in Fiji (Mclver et al. 2012). The
results of these country-specific analyses have not been included in this paper, which instead

provides a more general, regional overview.

In the final phase, each country’s climate change and health vulnerabilities were assessed via
a “likelihood-versus-consequence” matrix. This tool was used to rank climate-sensitive
health priorities, rationalize resources, and focus the activities of the health sector on the most
urgent adaptation activities. Its use was based on precedents in Australia (Brown et al. 2014)

and growing evidence of its utility in this context in Pacific island countries such as Vanuatu
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(Spickett and Katscherian 2014; Spickett et al. 2013). In the use of this matrix, each climate-
sensitive health risk was considered in terms of the likelihood of the burden of disease
increasing with climate change (over a twenty year time-frame), a range of climate change
projections (as localized as possible), and the impact of such an increased health burden
occurring (considering the resilience or coping capacity of the community and health sector

to manage such consequences).

Each Pacific island country differed in terms of their willingness and perceived capacity to
manage their respective highest-priority climate-sensitive health risks. Some elected to
include most or all of these hazards in their adaptation plans; others chose to concentrate on
the few health impacts deemed to represent the greatest threat, according to the
abovementioned matrix. Thus, the climate-sensitive health risks presented in the Results
below should be considered a synthesis of each country’s respective priorities, rather than a

true cross-country comparison of risks.

Following the prioritization of these climate change-related health vulnerabilities, relevant
adaptation strategies were planned accordingly. Adaptation measures were categorised as
follows: legislative and regulatory; public education and communication; surveillance and
monitoring; ecosystem intervention; infrastructure development; technological and

engineering responses; medical intervention; and research.

Each adaptation measure was prioritised for each PIC according to its local relevance, the
current capacity of the health system, the inclusion of vulnerable groups, the manner in which
adaptations could be implemented, and the identification of sectors that would be involved in
the development and implementation of the adaptation strategies. The country teams — which
were typically, but not exclusively, led by the Ministry of Health or its equivalent, in

collaboration with other government departments, civil society organisations and major
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private sector stakeholders - chose the factors that would be included, and decided upon their

relative weighting.

These vulnerabilities and the responses required from the health sector were incorporated into
National Climate Change and Health Action Plans (NCCHAPs), or an equivalent thereof.
These domestic policy documents are in various stages of finalisation and implementation

across the Pacific island countries participating in this regional project.

The vulnerability assessment and adaptation planning process was slightly different for
Samoa. An initial workshop on health aspects of vulnerability and adaptation to climate
change was conducted in Apia in 2010, as part of a national project entitled “Integrating
Climate Change Risks in the Agriculture and Health Sectors in Samoa”. Building on this
work, in 2013, a climate change and health adaptation strategy and action plan was developed

for Samoa.

The approach was different again for Fiji, which since 2010 has been taking part in a global
climate change and health adaptation pilot project, led by WHO with support from the United
Nations Development Programme (UNDP) and funding from the Global Environment
Facility (GEF - https://www.thegef.org/). In Fiji’s Piloting Climate Change Adaptation to
Protect Human Health project, a small number of priority climate-sensitive diseases were
selected as the focus for the vulnerability assessment, research, capacity-building, community

education and adaptation elements of the project (Mclver et al. 2012).

The process outlined above broadly followed the guidelines laid out by WHO on
vulnerability assessment and adaptation planning (Kovats et al. 2003; WHO 2013a). Table 2
compares the WHO theoretical framework with the actual steps implemented in the

abovementioned PICs.
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In each of the thirteen PICs, efforts were made to include mechanisms for monitoring and
evaluation and iterative information management — for example, the incorporation of updated

data on climate and climate-sensitive diseases — into each NCCHAP (Ebi 2014).

Results

Table 3 summarizes the climate-sensitive health risks prioritised in each country’s
vulnerability assessment. These risks are subdivided into three categories: direct, indirect
and diffuse effects, in accordance with the international nomenclature (McMichael and
Lindgren 2011; McMichael et al. 2013). Examples of direct effects include the traumatic
injuries and deaths that occur during hydro-meteorological disasters, and the detrimental
physiological consequences of heatwaves. Indirect effects occur through disruption of
ecological systems; examples include increased pathogen loads in food and water in hotter
and/or more humid conditions, and the altered geographic ranges and biting habits of
mosquitoes that spread diseases such as malaria and dengue fever. Diffuse effects relate to
societal dysfunction, of which disrupted health services, population displacement and
potential conflict over climate-related resources are key examples (Kjellstrom and

McMichael 2013).

This was not compiled as — nor was it intended to be — a comprehensive list, describing every
conceivable climate change-attributable risk to health; only those risks regarded by the
country teams as most important at the present time are included in this summary table. This
table is also not intended to serve as a tool for comparison, as while all countries used a
similar process of prioritising climate change and health vulnerabilities, each country differed
in terms of the number of these hazards they felt it appropriate to address in their respective
adaptation plans. Thus, the absence of an entry in a row for a particular country in Table 3

should not be necessarily be interpreted to mean that the country did not perceive that

10
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climate-sensitive health risk to be a problem; rather that this was not among the most

immediate priorities for that country at that time.

Table 3 displays some common themes in terms of climate-sensitive health risks across the
Pacific. Climate change-attributable impacts on extreme weather events and diseases related
to food, water and vectors are prominent concerns throughout the region. Specific diseases
such as dengue fever, malaria, diarrhoeal illness, leptospirosis, typhoid fever, respiratory
infections, obstructive airways disease and malnutrition are generally considered to be highly
climate-sensitive (Woodward et al. 2014). There is thus a clear and relatively urgent need for
these and other hazards (such as the health effects of heat and extreme weather events) to be
considered in the context of climate change in the Pacific, and anticipated accordingly

(Haines et al. 2014).

However, there are some climate-related health risks that are of concern in the Pacific to an
extent not documented elsewhere in the world — notably non-communicable diseases
(NCDs), disorders of mental/psychosocial health and ciguatera (Mannava et al. 2013; WHO
2013b). The potential for climate change to amplify the drivers of NCD risk in the Pacific is

considered in more detail below.

In addition, there are other important aspects of health vulnerability in the region that are
unique to, or at least uniquely highly prioritized in, a small number of Pacific island
countries. These include high fertility rates and overcrowding in atoll nations such as
Kiribati which, combined with limited land area, low elevation and the threat posed by rising
seas, may lead to forced relocation — which brings with it a particular suite of health

complications (McMichael et al. 2012; Berry et al. 2010).

11
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Women and children are expected to experience a disproportionate burden of climate change
and health impacts in the Pacific (Lawler 2011) and elsewhere, particularly in the developing

world (Field et al. 2014).

With respect to adaptation, a number of strategies have been proposed and are being
implemented across the Pacific region. While some adaptation measures are country-specific
(for example, developing legislation around cultural practices such as kava-drinking to
protect against water-borne diseases, or experimenting with drought- and salt-resistant taro
and cassava crops), the majority may be grouped under broad categories aligned with the

abovementioned vulnerabilities. These include:

* Ensuring health and safety considerations are incorporated into adaptation activities
across sectors (“Health in All Policies” approach);

* Improving the safety and security of food and water;

* Improving sanitation and hygiene facilities;

* Increased resourcing for health emergency risk management;

* Climate-proofing key health and safety infrastructure;

* Enhanced surveillance targeting climate-sensitive diseases and their risk sources

* Applied environmental epidemiological research focusing on climate-sensitive
diseases; and

* New and improved communication pathways between the health sector, meteorology
services and other stakeholders, including trialling and evaluating climate-based early

warning systems.

12
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Discussion

The climate change and health vulnerability assessment and adaptation planning project in
the Pacific is similar in some respects to the corresponding work being carried out in other
regions (Brooks and Adger 2003; Confalonieri et al. 2009; Wolf et al. 2014). However, there
are some significant differences in terms of the process, findings and implications that

distinguish climate change and health issues in PICs from other countries of the world.

In terms of process, the precise methods by which the assessments were performed and
adaptations planned varied from country to country. These included highly focused, largely
quantitative assessments in the Marshall Islands and FSM, as distinct from a more
deliberative, qualitative process employed in Nauru, Solomon Islands and Vanuatu, where a
modified environmental health impact assessment approach was employed (Spickett and
Katscherian 2014; Spickett et al. 2013). In Kiribati, a mixed-methods, ‘middle way’
approach proved effective in combining a review and analysis of the available data with a
pragmatic process of inter-agency collaboration and stakeholder engagement, which has
contributed to Kiribati’s NCCHAP being among the first to undergo government ratification

and implementation (Mclver et al. 2014).

With respect to outcomes, the issue of NCDs, in particular, was of unprecedented prominence
in the Pacific in the face of climate change. With PICs already experiencing the highest rates
of NCDs in the world (Mannava et al. 2013), the potential for climate change to act as an

additional driver of NCD risk is considerable and of significant concern.

While the literature on climate change and NCDs is relatively scant, and has hitherto focused
primarily on the implications of heat on individuals with pre-existing NCDs (Friel et al. 2011;
Kjellstrom and McMichael 2013; Kovats and Hajat 2008; Shubair et al. 2013), in the Pacific

region there is a very real concern that climate change may act as an additional risk factor for

13
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NCDs. It is likely that the Pacific region is — or will be — the first to experience the
consequences of the interaction between climate change phenomena and other factors driving
the burden of NCDs, such as physical inactivity, food insecurity and poor nutrition. The
schema in Figure 3, developed in consultation with the climate change and health team in
Nauru - a tiny Pacific island country with one of the highest burdens of NCDs in the world -
summarizes these interactions as they are perceived in a number of countries across the

region.

It must also be acknowledged that PICs are very likely to be among the first communities to
be forced to relocate due to anthropogenic climate change (Campbell 2014). There is some
evidence that this forced migration — both internal and external - is already taking place (Birk
and Rasmussen 2014; Locke 2009); the physical and psychosocial health consequences of

this phenomenon must not be underestimated (Butler et al. 2014; Reuveny 2007).

PICs face substantial challenges in implementing plans for adaptation. They include the
scarce resources available to health sectors that are typically already under significant strain.
Shortfalls in data, information systems, human resources, technical capacity, infrastructure

and finance are the rule, rather than the exception, in the Pacific region.

In light of the stark realities above, many of the adaptation strategies recommended over the
course of this climate change and health project were explicitly considered in terms of their
overall utility, applicability and feasibility in the context of profoundly under-resourced
health systems. Thus, the theoretical requirement for “additionality” mentioned in the
international climate change and health literature with respect to adaptation (Fiissel 2007)
was considered significantly less important for health systems support in the Pacific than
pragmatic, realistic measures that would both improve health care and build health systems

resilience to climate change. Examples of these include improving water, sanitation and

14
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hygiene systems, and scaling up vector control. Such interventions have clear, broad and
long-term benefits, climate change notwithstanding, but they may not be possible for small,
developing countries to implement without the avenues for resources and technical support

afforded by adaptation.

There may, however, be some modest advantages for PICs in adapting to climate change.
Principal among these is the clear consensus about the need for such action — debate about
the science and implications of climate change is redundant in these countries which are
already experiencing its impacts. In addition, the small size of most PICs, where populations
range from around 10 000 in Nauru and Tuvalu to less than a million in Fiji (Table 1), and
the close-knit nature of such small, isolated communities, enables a relatively high degree of
collaboration on adaptation between sectors, which has the potential for increased agility in
decision-making. There is some indication, however faint, that it may yet prove somewhat
easier to achieve coherence in climate change and health governance in relatively cohesive
Pacific island communities with shared traditional values, than in other countries at varying
levels of development but with looser or weaker social capital (Adger 2001; Bowen et al.

2013; Woodward et al. 2000).

There are clear limits to the effectiveness of adaptation, of which some will be tested even if,
as is hoped, effective climate change mitigation policy is soon agreed and implemented at
global scale. Perhaps the clearest example is that of sea level rise, which threatens the very
existence of low-lying island communities, posing an existential threat to the atoll nations of

Kiribati, Marshall Islands and Tuvalu (see Table 1).

One of the most promising areas of potential benefit, from both an economic and social
perspective, lies in co-benefits — the health gains anticipated from action on climate change

mitigation - which are most pertinent in relation to NCDs (Ganten et al. 2010). Well-chosen
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disease prevention strategies, such as decreased fossil fuel use; increased active transport
(e.g. walking and cycling); and greater consumption of fresh, local foods instead of imported
products, have obvious health benefits and will help reduce the pressure on the world’s

climate.

It is impossible to address vulnerability and adaptation to climate change in the Pacific
without pointing out the gross inequities and injustice involved. Pacific island countries have
made infinitesimal contributions to the planetary problem of anthropogenic climate change,
yet they will be among those who suffer most from its consequences. Industrialised countries
have a clear responsibility to both scale-up mitigation efforts in order to arrest climate
change, and provide the necessary financial, technical and in-kind support to developing

countries to strengthen their coping capacity via adaptation in the meantime.

Finally, recognizing that PICs are among many countries in the world battling climate change
as one of a number of significant impediments to social, economic and health development,
WHO is in the process of providing detailed guidance, in the form of frameworks, to assist
member states in scaling up essential public health packages for health adaptation, and

building climate-resilient health systems (Neira 2014).

Conclusion
Pacific island countries are among the most vulnerable societies in the world to the health

impacts of a changing climate.

Managing these health risks will require frequent revisions of adapation plans to take into
account post-implementation reviews; new knowledge and understanding of climate change
and health processes, pathways and risks; and changes in relevant aspects of Pacific societies

such as institutional structures, economic development, technology, and demographics.
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This paper, and the corresponding WHO report to be released in late 2015, represent the first
comprehensive synthesis of the current state of knowledge of health and climate change in
the Pacific islands. This is but the first, important step in a long journey, for which PICs will

require substantial and ongoing support.
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Table 1. Characteristics of Pacific island countries

Pacific island country Geography Demography Economy
Land area Max elevation Popula‘[ionb Population Per capita Main
(km?)* (m)° density GDP"* industries #
(per km®) (% GDP)"
Cook Islands 240 652 15000 42 9100 T
Federated States of 700 791 112 000 158 2200 A,F
Micronesia
Fiji 18 000 1324 868 000 47 4600 T, A
Kiribati 800 3, 81¢ 101 000 135 6200 A,F,R
Marshall Islands 200 10 64 000 342 2500 Aid (US)
Nauru 20 71 10 000 480 5000 M
Niue 260 68 1000 5 8400 Aid (NZ)
Palau 500 242 21 000 39 10 000 TA,F
Samoa 2900 1857 184 000 63 6000 R, T,A,F
Solomon Islands 28 000 2335 552 000 18 3300 A, F, forestry
Tonga 750 1033 105 000 139 7500 A,F
Tuvalu 300 5 10 000 476 3400 R, trusts, A
Vanuatu 12 000 1877 246 000 20 2700 AF, T

Abbreviations: A= Agriculture, F= Fishing, M= Mining, NZ=New Zealand, R=Remittances, T= Tourism,

US=United States

All data are for 2011 unless otherwise stated

*UN Office of the High Representative for the Least Developed Countries, Landlocked Countries and Small
Island Developing States (UN-OHRLLS: www.unohrlls.org)
°CIA World Factbook 2012

‘Per capita Gross Domestic Product based on purchasing power parity. Estimates are for 2011 except for the

Marshall Islands (2008), Nauru (2005), Palau (2009), Tuvalu (2010) and Vanuatu (2009)

%Elevations for South Tarawa (the capital atoll of Kiribati) and Banaba (an outlying atoll) respectively
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Table 2. Steps involved in vulnerability assessment and adaptation planning process in PICs

and comparison with WHO framework (the latter adapated from Kovats et al. 2003)

WHO framework for vulnerability
assessment and adaptation planning

Vulnerability assessment and adaptation planning process
implemented in PICs

Determine scope of assessment

* Project designed and resourced

* Eleven PICs divided into three regions along roughly
geographic and cultural lines

* Expert technical guidance provided to each group

* Inception meetings held and workplans made for each
country

Describe current distribution and burden of
climate-sensitive diseases

* Available information and data on climate and climate-
sensitive diseases reviewed and described in each country

* Environmental epidemiological analysis undertaken
where possible

Identify and describe current strategies,
policies and measures that reduce the burden
of climate-sensitive diseases

* Health sector and other relevant policies (e.g. climate
change policies, strategic development plans ) reviewed
and linked with health adaptation planning

Review the health implications of the
potential impact of climate variability and
change on other sectors

* Wide stakeholder, cross-sectoral engagement ensured in
health adaptation planning

Estimate the future potential health impact
using scenarios of future climate change,
population growth and other factors and
describe the uncertainty

*  Some modelling of future climate change-attributable
burden of disease attempted; limited by lack of down-
scaled climate projections and sufficient quantity and
quality of data on climate-sensitive diseases

Synthesize the results and draft a scientific
assessment report

* NCCHAPs — or equivalent — prepared for each of the
eleven PICs

Identify additional adaptation policies and
measures to reduce potential negative health
effects, including procedures for evaluation
after implementation

* Adaptation strategies prioritised

* Highest priority adaptations commenced in some PICs
(see Table 3)

* Guidance provided to countries on methods for iterative
information management, monitoring and evaluation
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Table 3. Highest priority climate-sensitive health risks in individual Pacific island countries (with each country’s highest priorities indicated by

“X”)

Climate-sensitive
health risk

Country

Islands

Cook
FSM
Fij1

Kiribati

Marshall
Islands

INauru

INiue

IPalau

Samoa

Solomon
Islands

Tonga

Tuvalu

'Vanuatu

Direct effects

Health impacts of
extreme weather
events”

>
>

>

>

>

>

>

Heat-related illness®

Indirect effects

Water security &
safety (including
water-borne
diseases)®

Food security &
safety (including
malnutrition &
food-borne
diseases)d

Vector-borne
diseases®

f
Zoonoses

Respiratory illness®
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Disorders of the X X X X X X
eyes, ears, skin and
other body systems"

Diffuse effects

Disorders of X X X X X X X X
mental/psycho-
social health'

Non-communicable X X X X X X X X X X
diseases (NCDs)

Health system X X
deficiencies®

Population X
1
pressures

NB. A number of climate-sensitive health risks may be considered to cut across categories — for example, there may be direct mental health consequences of
extreme weather events; NCDs may be affected indirectly through disruption of food supplies, or more diffusely through socio-political strategies related to
climate change, industry and trade; health systems problems may be directly affected by extreme weather events as well as via the broader impact of climate
change on development

*This was typically taken to mean traumatic injuries and deaths, but may also be understood to include the psychosocial impacts of extreme events
*Including occupational exposure to hotter working conditions

“This category encompasses water-borne infections causing diarrhoeal illness, as well as typhoid fever, and also includes problems such as sea-level rise-
induced salination of potable water supplies

Including food insecurity, food-borne diseases causing diarrhoeal illness, and ciguatera (“fish poisoning”)

‘Including, but not limited to, dengue fever and malaria; noting that these two diseases occur in some, but not all, PICs (of those countries listed, malaria is
currently limited to Solomon Islands and Vanuatu)

"The primary zoonosis of concern in most PICs is leptospirosis

fIncluding infections, obstructive airways disease (e.g. asthma) and the pulmonary effects of heat and air pollution
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"This category includes a range of health problems, from skin infections and cataracts to sexually transmitted infections that were of concern in various PICs

in the context of climate change

Includes the unspecified detrimental effects of social disruption — e.g. loss of life, land or livelihoods - due to climate change-related phenomena; this

category may include, inter alia, depression, anxiety and post-traumatic stress disorder

INCDs in this context refers primarily to circulatory diseases (e.g. cardiovascular disease, cerebrovascular diseases, hypertension etc) as well as diabetes; in

some PICs this was also taken to include cancers and mental health disorders

Including compromised access to health services, damage to health infrastructure and additional strains on scarce resources (e.g. for climate-sensitive disease

surveillance)
"Includes the possibility of climate change-induced resettlement, and the effect of climate change-induced sea-level rise in exacerbating overcrowding
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Figure legends

Figure 1. Climate change and health impact pathways relevant to Pacific island countries

Figure 2. Countries involved in WHO-supported climate change and health project in the
Pacific (2010-2013) (Adapted from source: CartoGIS, College of Asia and Pacific, The
Australian National University - http://asiapacific.anu.edu.au/mapsonline/base-maps/pacific-

eez-zones)

Figure 3. Conceptual model summarizing the pathways between climate change and NCDs

(broken arrows represent hypothetical links)
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Figure 1.
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Figure 2.
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Figure 3.
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Prelude

This chapter is the first of the country-specific publications, which together provide
examples of the main techniques employed in the climate change and health vulnerability
assessments and adaptation planning processes in the Pacific, and the key findings and

implications of this work for each country.

In this paper, which focuses on the Federated States of Micronesia (FSM), a predominantly
guantitative methodology was used to explore the climate-sensitivity of the communicable
diseases considered to represent the greatest risks for climate change and health in that

country (particularly diarrhoeal diseases).

The use of historical climate and disease data, analysed via time series and Poisson
regression techniques in FSM and, to a lesser extent, in Marshall Islands and Palau,
contrasted with more qualitative - yet still highly systematic - approaches to the vulnerability
assessment process in other Pacific island countries, examples of which follow in subsequent

chapters.

The candidate’s estimated proportional contributions to this paper were as follows:

Research design: 60%
Analysis and interpretation: 60%
Authorship of paper: 80%

This paper is reproduced with the permission of the Japanese Society of Tropical Medicine,

publishers of Tropical Medicine and Health.

Reference: Mclver L, Hashizume M, Kim H, Honda Y, Pretrick M, Iddings S, Pavlin B.
Assessment of climate-sensitive infectious diseases in the Federated States of Micronesia.

Tropical Medicine and Health 2015; 43(1): 29-40
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Abstract: Background: The health impacts of climate change are an issue of growing concern in the Pacific
region. Prior to 2010, no formal, structured, evidence-based approach had been used to identify the most
significant health risks posed by climate change in Pacific island countries. During 2010 and 2011, the World
Health Organization supported the Federated States of Micronesia (FSM) in performing a climate change and
health vulnerability and adaptation assessment. This paper summarizes the priority climate-sensitive health risks in
FSM, with a focus on diarrheal disease, its link with climatic variables and the implications of climate change.
Methods: The vulnerability and adaptation assessment process included a review of the literature, extensive
stakeholder consultations, ranking of climate-sensitive health risks, and analysis of the available long-term data on
climate and climate-sensitive infectious diseases in FSM, which involved examination of health information data
from the four state hospitals in FSM between 2000 and 2010; along with each state’s rainfall, temperature and El
Nino-Southern Oscillation data. Generalized linear Poisson regression models were used to demonstrate
associations between monthly climate variables and cases of climate-sensitive diseases at differing temporal lags.
Results: Infectious diseases were among the highest priority climate-sensitive health risks identified in FSM,
particularly diarrheal diseases, vector-borne diseases and leptospirosis. Correlation with climate data demonstrated
significant associations between monthly maximum temperature and monthly outpatient cases of diarrheal disease
in Pohnpei and Kosrae at a lag of one month and 0 to 3 months, respectively; no such associations were observed
in Chuuk or Yap. Significant correlations between disease incidence and El Nifio-Southern Oscillation cycles were
demonstrated in Kosrae state.

Conclusions: Analysis of the available data demonstrated significant associations between climate variables and
climate-sensitive infectious diseases. This information should prove useful in implementing health system and

community adaptation strategies to avoid the most serious impacts of climate change on health in FSM.
Key words: infectious diseases, climate, Federated States of Micronesia

INTRODUCTION

Pacific island countries (PICs) are among the most
vulnerable in the world to the effects of climate change, in-
cluding the likely detrimental impacts on human health [1,
2]. These impacts are significant, measurable and far-
reaching: it is estimated that over the last decade, between
100,000 and 200,000 deaths annually worldwide were at-
tributable to the effects of climate change [3]. In the

Pacific region, growing concern about climate change and
health led to the formulation of the Regional Framework
for Action to Protect Human Health from Effects of
Climate Change in the Asia-Pacific Region by the World
Health Organization (WHO) in 2008 [4] and prompted the
Pacific island Health Ministers to prioritize action on
climate change and health at their biennial meeting in 2009
[5]. These regional mandates provided the impetus for an
ambitious program of work, led by the WHO South Pacific
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Map 1.

office, with support from the WHO Western Pacific
Regional Office and funding from the governments of the
Republic of Korea and Japan, to assess the vulnerability of
PICs to the impact of climate change on health and plan
appropriate adaptation strategies to minimize these risks.

The Federated States of Micronesia (FSM) was one of
eleven countries involved in this WHO-supported climate
change and health project in the Pacific. FSM is a small is-
land developing state in the northern Pacific, comprised of
four states — Yap, Chuuk, Pohnpei and Kosrae (see Map 1).

A summary of key population and health indicators
for FSM is provided in Table 1.

The key climate change phenomena expected to occur
in FSM include [6]: accelerating sea-level rise and ocean
acidification; increasing air and sea-surface temperatures;
more very hot days; altered rainfall patterns (with more ex-
treme rainfall events and decreased drought frequency);
and possibly more severe typhoons.

In FSM, prior to the commencement of the WHO
project, climate change and health considerations had been
included in several key high-level national policy frame-
works, including the Nationwide Climate Change Policy
(2009), the Second National Communication to the United
Nations Framework Convention on Climate Change
(UNFCCC), and the National Strategic Development Plan
for 2003-2023. This previous work noted that climate vari-
ability and change, including sea-level rise, are important
determinants of health and are of growing concern in FSM
(as is the case in all Pacific Island countries), with the im-
pacts expected to be mostly adverse. However, these pre-

Federated States of Micronesia (source: http://www.fsmgov.org/info/maplg.gif)

ceding efforts toward health vulnerability assessments
lacked formal health sector and expert technical input.

Thus, the purpose of this project was to assess more
formally the key climate-sensitive health risks for FSM,
based on a review of the relevant literature, in-country
consultations and analysis of available climate and health
data, and to provide an evidence-based framework for
climate change and health adaptation, as the health sector’s
contribution towards national adaptation planning (or
HNAP).

This paper summarizes the methodology and results
of this climate change and health vulnerability assessment
for FSM, with a focus on climate-sensitive infectious dis-
eases, which were ranked as the highest priority climate-
sensitive health risks in FSM as a result of this assessment
process. The paper also provides an insight into the scien-
tific basis for implementation of adaptation strategies to re-
duce or avoid the most serious impacts of climate change
on the burden of these diseases in FSM.

METHODS

The process for assessing FSM’s vulnerabilities and
planning adaptation strategies related to the health impacts
of climate change broadly followed the guidelines set out
by WHO and others [7-11]. These steps are summarized in
Box 1.
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Table 1. Key population and health indicators for FSM
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Indicator Total

Land area® (square kilometres) 704.6

- Chuuk: 127

- Kosrae: 110

- Pohnpei: 345

- Yap: 118
Population — total and distribution® 102 624

- Chuuk: 49%

- Kosrae: 8%

- Pohnpei: 32%

- Yap: 11%
Key health indicators®
- life expectancy (at birth) 69
- infant mortality rate 13.5/1000 live births
- under 5 mortality rate 39/1000 live births
Leading causes of morbidity (inpatient)® Hypertension

Diarrhea/gastroenteritis
Diabetes mellitus

Skin disorders

Urinary tract infection

Leading causes of mortality®

Myocardial infarction

Diabetes mellitus

Chronic obstructive pulmonary disease
Cerebrovascular accident

Top three communicable disease categories (burden of disease, by incidence)®

Acute upper respiratory infections
Influenza-like illness
Diarrhea/gastroenteritis

Top three non-communicable diseases (burden of disease, by prevalence)®

Hypertension
Diabetes mellitus
Cardiovascular disease

Sources: a) FSM Government website (http://www.fsmgov.org/info/geog.html)
b) WHO Country Health Information Profile for FSM (2011) (http://www.wpro.who.int/countries/fsm/17MICtab2011_finaldraft.

pdf?ua=1)

Box 1.
(Source: Kovats et al., 2003 [11]).

Steps in assessing vulnerability and adaptation

1. Determine the scope of the assessment

2. Describe the current distribution and burden of climate-
sensitive diseases

3. Identify and describe current strategies, policies and
measures that reduce the burden of climate-sensitive
diseases

4. Review the health implications of the potential impact of
climate variability and change on other sectors

5. Estimate the future potential health impact using scenarios
of future climate change, population growth and other
factors and describe the uncertainty

6. Synthesise the results and draft a scientific assessment
report

7. Identify additional adaptation policies and measures to
reduce potential negative health effects, including
procedures for evaluation after implementation

In FSM, this process incorporated both qualitative
and quantitative elements. These included stakeholder con-
sultations, community surveys, expert consensus and anal-
ysis of the available climate and health data to describe, in
some detail, the relationships between climate variables
and climate-sensitive diseases in each country.

The climate change and health vulnerability and adap-
tation assessment process in FSM commenced in 2010,
with a project—led by the Department of Health and So-
cial Affairs and supported by WHO—aimed at improving
understanding of the relationship between climate and dis-
ease in the four States of FSM and compiling a National
Climate Change and Health Action Plan (NCCHAP). This
project involved a WHO team assisting the Department of
Health and Social Affairs over three distinct phases of
work between 2010 and 2011, with the participation of
multiple in-country partners including, inter alia, the
Office for Environment and Emergency Management
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(OEEM), the Environmental Protection Agency (EPA) and
the Weather Service Office (WSO).

The first phase of the project was a regional plenary
meeting, conducted in Pohnpei in early 2010, which inclu-
ded representatives from the neighbouring countries of
Palau and the Republic of the Marshall Islands who were
conducting similar WHO-supported national vulnerability
and adaptation assessment projects.

In the first and second phases of the project, a review
of health sector reports and data, combined with extensive
consultation with stakeholders in FSM and the guidance of
the WHO team of experts, revealed a list of priority
climate-sensitive health risks of concern in the country.
These climate-sensitive health risks were then ranked ac-
cording to a “likelihood versus impact” matrix, which has
proved useful in environmental health impact assessments
elsewhere, including in the context of climate change and
health [12, 13]—see Table 2 below.

The actors involved in the participatory action process
of consensus-building regarding the priority climate-
sensitive health risks in FSM are listed in Table 3.

The process of prioritization of climate-sensitive
health risks of concern in FSM placed an emphasis on in-
fectious diseases, which were thus the focus of the quanti-
tative analysis that followed.

The climate-sensitive disease data from the four State
hospital records (inpatient and outpatient) between 2003
and 2010 were collected from the Health Information De-
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partment. Hospital records include sex, age and diagnosis
coded by the International Classification of Diseases, ver-
sion 10 (ICD-10). These records represent the most com-
plete health datasets available on a routinely collected
basis in FSM, apart from a complementary, Pacific-wide
syndromic surveillance system (specific to for four catego-
ries of communicable disease) overseen by WHO. Thus it
is assumed that these represent close to all of the reported
cases; the proportion of unreported cases is unknown.

Weather data were collected from the WSO. The indi-
vidual patient data were collated into daily all-cause and
cause-specific counts and combined with daily weather
data, with this study focusing on the aforementioned pri-
ority climate-sensitive infectious diseases.

Time series distribution of monthly average of the
daily number of inpatients and outpatients in each state
were plotted along with weather data. Monthly averages of
daily maximum temperatures were computed; these and to-
tal monthly rainfall were used for the subsequent analyses.
Time series analysis of the three climate-sensitive infec-
tious diseases deemed to be the highest risk were then per-
formed [dengue fever (ICD-10: A90-A91), diarrheal
illness (ICD-10: A00-A09) and leptospirosis (ICD-10:
A27)].

The association with the El Nifio-Southern Oscillation
(ENSO), a source of inter-annual climate variability, was
also examined for each disease category. The strength of
the ENSO was measured by sea-surface temperature

Table 2. Matrix used to assess climate-sensitive health risks in FSM, in terms of their likelihood and impact

Impact (Considering consequence and coping capacity)

Likelihood — - - -
Insignificant Minor Moderate Major Catastrophic
Almost Certain Medium Medium High Extreme Extreme
Likely Low Medium High High Extreme
Possible Low Medium Medium High High
Unlikely Low Low Medium Medium Medium
Rare Low Low Low Low Medium

Table 3. Actors involved in participatory decision-making process in FSM
Actors FSM
Coordination Office for the Environment and Emergency Management
Department of Health and Social Affairs
WHO
Participation Environmental Protection Agency

Weather Service Office

Department of Resources and Development
Department of Agriculture

State health and environment services
Island Food Community*

* Non-governmental organization (NGO)
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anomalies in the Nino 3 region (NINO3) in the Pacific
Ocean, which were derived from NOAA Climate Predic-
tion Center data (http://www.cpc.ncep.noaa.gov).

Generalized linear Poisson regression models allow-
ing for over-dispersion were used to examine the relation-
ship between weather variables (temperature and rainfall)
and NINO3 variability and the number of cause-specific
patient presentations at different monthly lags (0, 1, 2 and
3 months), with a focus on outpatients. This analytical
technique was selected based on historical and scientific
precedents for its use in comparable studies [14]. To iden-
tify the broad shape of any association, we fitted natural
cubic splines (3df) to the weather variables and NINO3.
The temperature, rainfall and NINO3 terms were separate-
ly incorporated into the model. As there was no clear sea-
sonal trends observed in disease incidence, seasonality was
not controlled in the model. Overall association for each
disease-weather pattern was tested using Wald test. Any
missing data was treated as missing; no interpolation has
been conducted to fill the missing values. All statistical
analyses were carried out using Stata 10.0 (Stata Corpora-
tion, College Station, Texas).

The results of the vulnerability assessment were then
used to compile a hierarchy of adaptation strategies for the
health sector, and all of this information was collated into
the FSM National Climate Change and Health Action Plan
(NCCHAP), which was presented at the inaugural FSM
Climate Change and Health Symposium in Pohnpei in
December 2011.

The key findings and recommendations from the FSM
NCCHAP and the companion documents for the other ten
PICs included in the WHO-led project have subsequently

Table 4. List of climate change and health vulnerabilities in FSM
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been synthesized into a forthcoming WHO report on
climate change and health in the Pacific region, which will
be launched in late 2014.

RESULTS

Review of the relevant data and extensive consulta-
tion with stakeholders, primarily from government depart-
ments, in FSM between 2010 and 2011, in combination
with a review of the literature (the specific methodology
and results of which are not shown here) and the expert
opinions of the WHO consultant team, yielded the follow-
ing table of climate-sensitive health vulnerabilities (Table
4), ranked according to their risk (in terms of likelihood
versus impact—see Table 2 above).

While allowing for the fact that the list in Table 4 is
based on a combination of health information review, con-
sultation and expert consensus, this nevertheless indicates
that the predominant climate-sensitive health risks of con-
cern in FSM are likely to be infective in nature. The proc-
ess of quantitative analysis therefore focused on three
categories of climate-sensitive infectious diseases: diar-
rheal illness, vector-borne diseases and leptospirosis. This
analysis was attempted despite the paucity of relevant
health data, as this was the express mandate of the climate
change and health vulnerability assessment project, as well
as being the preferred methodological approach of WHO
and the project partners in FSM.

Time series of monthly average of daily dengue, diar-
rhea and leptospirosis inpatients showed no obvious trend
or seasonality (the results for Pohnpei state are shown in
Fig. 1).

Climate-sensitive disease

Risk (likelihood versus impact)

Diarrheal diseases (water- and food-borne) High
Vector-borne diseases (principally arboviruses such as dengue fever)* High
Zoonoses (primarily leptospirosis) High
Malnutrition High
Non-communicable diseases Medium
Mental health Medium
Respiratory diseases Medium
Skin disease Medium
Poverty and socio-economic disadvantage Medium
Traumatic injuries and deaths Low
Ciguatera** Low

* Lymphatic filariasis and malaria were also considered under the heading of vector-borne diseases, but were deemed to represent
significantly lower risks than arboviruses in the context of climate change in FSM (see below).
** Ciguatera is a toxidrome caused by a dinoflagellate organism which bio-accumulates in the marine food chain. Humans typically

contract ciguatera through consumption of contaminated reef fish.
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Fig. 1. Number of dengue, diarrhea and leptospirosis outpatients per month and weather variables (total rainfall and average

temperature) in Pohnpei

As can be seen from Figure 1, there were substantial
gaps in the data for all three disease categories, as was the
case for the other three states. This apparently reflects in-
termittent lapses in health information capacity within the
Department of Health and Social Affairs in each of the
states over the period.

There were also generally low rates of dengue fever
and leptospirosis in all four states, with less than 0.5 cases
occurring on average per day (i.e. approximately <15 cases
per month) in each state. It should be noted that, while di-
arrheal disease and leptospirosis are considered endemic in
FSM, dengue fever typically occurs in infrequent but se-
vere epidemics [15, 16]. Given these very small numera-
tors, along with the infeasibility of aggregating all the
cases for correlation with climate variables given the sig-
nificantly asynchronous meteorological patterns between
states, no further environmental epidemiological analysis
of dengue fever and leptospirosis was undertaken in this
study.

There may be an apparent threshold effect for in-
creased cases of diarrheal illness in Pohnpei at a lag of one
month following monthly maximum temperatures of > 32—
33°C (see Fig. 2b).

The corresponding analysis for Kosrae state showed a
similar effect of high temperature (> 32°C) at lags of 0 and
1 month, although the relationship was weaker than that

observed for Pohnpei. In addition, a negative relationship
between temperature and diarrhea cases was observed in
Kosrae below 31°C (see Fig. 3). It is possible that different
pathogens contribute to the two curves or slopes of this ap-
parently U-shaped relationship.

The analysis was repeated for rainfall, but no signifi-
cant relationship was found in any of the four states (re-
sults not shown).

Diarrheal illness was also correlated with NINO3 at
different monthly lags, with an apparently statistically sig-
nificant, roughly U-shaped relationship demonstrated for
Kosrae (Fig. 4), but no statistically significant results were
found for the other three states.

DiscussioN

This study revealed that the principal health risks
posed by climate change in FSM include a number of
climate-sensitive infectious diseases. Of these, diarrheal
disease has been shown to be associated with climatic fac-
tors such as temperature and the ENSO index in at least
two of the states of FSM.

The following discussion therefore focuses on
climate-sensitive infectious diseases, particularly diarrheal
disease, given the high level of priority given to these is-
sues in the climate change and health vulnerability assess-
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Relationship between relative risk (RR) of diarrhea scaled to the mean monthly number of outpatients in Ponhpei and

maximum temperature (shown as a 3 d.f. natural cubic spline) at lags of 0, 1, 2 and 3 months. The center line in each graph
shows the estimated spline curve, and the upper and lower lines represent the 95% confidence limits. P-values represent the
level of significance of the association between diarrhea and temperature.

ment for FSM.

Some important notes on the abovementioned catego-
ries of “climate-sensitive health risks” are as follows: with
respect to vector-borne diseases, the only long-term data
available for analysis was for dengue fever, which has
been known to exist in FSM since at least the early 1990s
[15], despite the fact that, at least in recent years, FSM has
been plagued by other arboviruses including Zika virus
[17] and chikungunya. FSM has also long been considered
endemic for lymphatic filariasis, although the burden of
this disease is decreasing, as elsewhere in the Pacific, due
to mass drug administration and vector control programs
[18]. FSM is not currently one of the PICs considered en-
demic for malaria; while the possibility remains that will
climate change will affect the geographic range of the ma-
laria vector, causing intrusion into non-endemic countries,
this is currently considered to be a relatively low risk for
FSM.

Secondly, “diarrheal illness” is a broad category of
disease which obviously is not limited to infectious patho-
gens; nor are the infectious aetiologies limited to those
transmitted via food and water (i.e. the modes of transmis-

sion considered most likely to be sensitive to environmen-
tal perturbations). Nevertheless, given the significant
burden of disease due to diarrheal illness in FSM, particu-
larly in children under five [19] and the strong evidence
linking diarrheal illness to climatic factors such as temper-
ature, rainfall, ENSO cycles and hydrometeorological dis-
asters in the Pacific region and elsewhere in the world [20—
25], it was considered justifiable to aggregate diarrheal ill-
nesses for the purposes of this analysis.

As a final note, the category of “respiratory disease”
was not included in this study focusing on climate-
sensitive infectious diseases due to the fact that, while it
may be assumed that this category includes respiratory in-
fections (both acute illness like influenza and pneumonia,
and chronic infections such as tuberculosis), it also in-
cludes non-infectious illnesses such as asthma and chronic
obstructive airways disease. The latter constitute a signifi-
cant cause of morbidity and mortality in FSM, particularly
in adults [19], and while obstructive airways diseases, in-
cluding asthma, may certainly be considered sensitive to
changes in climate [26-28], as a non-communicable dis-
case (NCD) it has not been included in this infectious
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Fig. 3. Relationship between relative risk (RR) of diarrhea scaled to the mean monthly number of outpatients in Kosrae and

maximum temperature (shown as a 3 d.f. natural cubic spline) at lags of 0, 1, 2 and 3 months. The center line in each graph
shows the estimated spline curve, and the upper and lower lines represent the 95% confidence limits. P-values represent the
level of significance of the association between diarrhea and temperature.

disease-focused paper. The same principle applies to skin
diseases: it was not deemed feasible or useful to attempt to
differentiate infectious and non-infectious skin disorders
for the purposes of this paper.

The outcomes of the climate change and health vul-
nerability assessment in FSM are broadly consistent with
those of other PICs [12, 29, 30], with relatively high priori-
ties given to climate-sensitive infectious diseases, but con-
cern was also raised regarding the prospect of climate
change-induced impacts on NCDs, malnutrition, ciguatera,
mental health, the health consequences of extreme weather
events and disruptions to health and social services.

A summary of the overall climate change and health
vulnerability and adaptation assessment process and key
findings for FSM and thirteen other PICs can be found in a
forthcoming WHO report entitled “Human Health and
Climate Change in Pacific Small Island States”, to be
launched in late 2014.

With respect to climate-sensitive infectious diseases
and their relationship with climate in the context of FSM,
the paucity of relevant disease data limited opportunities
for the analysis described above and efforts to demonstrate

statistically significant associations between climate varia-
bles and the burden of the pre-eminent diseases of concern
in FSM (diarrheal illness, vector-borne diseases and lepto-
spirosis).

Nevertheless, there is abundant evidence from else-
where in the region and around the world supporting the
“climate-sensitivity” of these diseases and vindicating their
inclusion among the highest priority climate-sensitive
health risks in FSM, despite the fact that dengue fever and
leptospirosis currently represent relatively small burdens
of disease in the country.

Vector-borne diseases in general, and dengue fever in
particular, have been shown to be exquisitely sensitive to
hydrometeorological phenomena, including temperature,
rainfall, humidity and ENSO [31-37], including in the
Pacific region [38, 39], where recent attention has shifted
towards the potential for climate-based early warning sys-
tems to minimize the impact of dengue fever epidemics
[40].

In the case of leptospirosis, the links with ecological
and meteorological factors are also relatively well-
established [41-43], the burden of disease in FSM is be-
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coming more clear [44], and the potential for early
warning systems is gaining attention in the Pacific.

There is a similarly strong case to be made for the
climate-sensitivity of diarrheal illness, as pointed out
above. Although the pathways by which factors such as
temperature, rainfall, ENSO and extreme events may affect
the multiple pathogens causing infectious diarrhea create a
complex aetiological picture [20, 24, 45-49], as shown by
our results, a significant association can be observed be-
tween climatic factors such as temperature and the inci-
dence of diarrheal disease, at least in Pohnpei and Kosrae
states. This is relevant in FSM, and neighbouring Microne-
sian countries where both food- and water-borne pathogens
have been known to cause large outbreaks of diarrheal ill-
ness in recent years [50, 51].

The lack of robust, long-term data on these three cate-
gories of climate-sensitive infectious diseases limited the
extent to which detailed “exposure-response” models
could be constructed for each of the four states. Addition-
ally, the heterogeneity of the climate-disease relationships
precluded, at least in part, the potential for aggregation
and/or averaging at the national level. Nevertheless, it was

still deemed useful to consider, at least in a general, quali-
tative sense, the current and likely increased future climate
change-attributable burden of these climate-sensitive infec-
tious diseases in FSM, with respect to the opportunity for
implementation of various adaptation strategies at the lo-
cal, state and national levels.

The recommendations for health sector adaptation in
relation to these three high-priority climate-sensitive infec-
tious diseases in FSM include:
¢ community education and health promotion campaigns

(e.g. on preventive behaviours such as protection against
mosquito bites or contact with contaminated water and
soil, including the risk inherent in cultural practices such
as communal consumption of sakau [kaval);

« distribution of household equipment such as mosquito
nets, safe water storage containers and water testing and
treatment Kits;

* increased recruitment and training of public and envi-
ronmental health officers in the areas of water and food
safety, animal health, vector surveillance and outbreak
response;

» expansion of public and environmental health surveil-
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lance and control activities to outer islands (currently
neglected due to lack of sufficient resources);

* policy, legislative and regulatory measures targeting wa-
ter and food safety, mosquito control (particularly habi-
tat eradication) and improved hygiene and management
of domestic livestock (particularly pigs);

* scale-up of diagnostic capacity, including improved mi-
crobiological capabilities, and increased use of rapid test
kits for dengue fever and leptospirosis;

* health professional capacity-building in the fields of di-
agnosis, management and prevention of these climate-
sensitive infectious diseases, as well as in applied
environmental epidemiological techniques and the use
of environmental health indicators in relation to climate
and health [52];

¢ increased research on the epidemiology, burden of dis-
case and climate-sensitivity of infectious diseases in
FSM and elsewhere in Micronesia and the wider Pacific
region; and

 consideration of the use of climate-based early warning
systems for infectious diseases in FSM.

The latter recommendation regarding climate-based
early warning systems (CBEWS) is common in the litera-
ture on climate change and health adaptation [53-57]. In
FSM, this process is clearly impeded by the abovemen-
tioned data and model constraints. However, even with the
limited data and models available for infectious diseases in
FSM, it may be possible to construct a CBEWS for diar-
rheal disease based on the analysis and results described in
this paper.

With reference to Figure 4, for example, it can be
seen that the relative risk (RR) of diarrheal incidence in
Pohnpei appears to increase beyond a temperature thresh-
old of approximately 32.5 degrees Celsius in the previous
month. It thus could prove feasible for a collaboration be-
tween the WSO and Pohnpei Department of Health Serv-
ices to establish a mechanism for the issuing of alerts when
the average maximum temperature in a given month, or
four-week sliding window, reaches 32.5 degrees, which
triggers a “surge” response of public and environmental
health interventions targeting, for example, water and food
safety and community health promotion. The efficacy of
such interventions could then be analyzed epidemiologi-
cally, and the exposure-response models updated, as the
time-series of climate and disease data is extended over
time.

Apropos of the latter recommendation, it should also
be pointed out that all of the analyses and models dis-
cussed above could and should be updated over time, and
the NCCHAP—including the theory and assumptions con-
tained within it—should undergo similar reiterations to in-
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corporate contemporary data and improved knowledge of
the associations and implications of climate change and the
high-priority climate-sensitive infectious diseases in FSM.

CONCLUSIONS

Infectious diseases were identified as among the high-
est priority climate-sensitive health risks of concern in
FSM as part of the national climate change and health vul-
nerability assessment and adaptation planning process.
Specifically, diarrheal disease, dengue fever (and other
vector-borne diseases) and leptospirosis were considered to
represent high risks with respect to future climate change-
attributable burdens of disease in FSM.

Analysis of the available data on historical climate
and cases of infectious diseases, although limited, yielded
some potentially useful associations between climate vari-
ables and diarrheal disease in particular, which may have
application in the context of a climate-based early warning
system and the potential for public and environmental
health interventions to limit the impact of near-term epi-
demics.

Adaptation strategies recommended in the FSM
National Climate Change and Health Action Plan similarly
prioritize climate-sensitive infectious diseases; successful
implementation of any number of these measures may re-
duce or avert the most severe detrimental effects of climate
change on these and other infectious diseases and their im-
pact on the health of communities in FSM and the wider
Micronesia and Pacific regions.
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Prelude

The paper in this chapter describes the relatively novel methods employed in the
vulnerability assessment and adaptation planning process in Vanuatu. In Vanuatu, Solomon
Islands and Nauru, a comprehensive, consensus-building approach was used, in a model
adapted from the Environmental Health Impact Assessment (EHIA) literature. The
methodology conformed to standard HIA frameworks — incorporating screening, scoping,
profiling, assessing and managing risk, making decisions and evaluating outcomes — but was
modified to incorporate the longer timelines and cross-cutting nature of the health hazards
posed by climate change. Such a modified EHIA approach had been piloted successfully in
Western Australia by the consultant team engaged to guide the work in these three Pacific

island countries.

This highly consultative technique, utilising a systematic, step-wise method of scenario-
planning that considered the multiple aspects of health vulnerability across society, proved
very useful in the Pacific island context, where the scarcity of data and analytical expertise
meant that opportunities for employing quantitative methodologies, such as those

described in the previous chapter, were often limited.

The candidate’s estimated proportional contributions to this paper were as follows:

Research design: 50%
Analysis and interpretation: 50%
Authorship of paper: 50%

This paper is reproduced with the permission of the Canadian Center of Science and

Education, publishers of the Global Journal of Health Sciences.

Reference: Spickett J, Katscherian D, Mclver L. Health impacts of climate change in
Vanuatu: an assessment and adaptation action plan. Global Journal of Health Sciences 2013;
5(3): 42-53
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Abstract

Climate change is one of the greatest global challenges and Pacific island countries are particularly vulnerable
due to, among other factors, their geography, demography and level of economic development.

A Health Impact Assessment (HIA) framework was used as a basis for the consideration of the potential health
impacts of changes in the climate on the population of Vanuatu, to assess the risks and propose a range of
potential adaptive responses appropriate for Vanuatu. The HIA process involved the participation of a broad
range of stakeholders including expert sector representatives in the areas of bio-physical, socio-economic,
infrastructure, environmental diseases and food, who provided informed comment and input into the
understanding of the potential health impacts and development of adaptation strategies.

The risk associated with each of these impacts was assessed with the application of a qualitative process that
considered both the consequences and the likelihood of each of the potential health impacts occurring. Potential
adaptation strategies and actions were developed which could be used to mitigate the identified health impacts
and provide responses which could be used by the various sectors in Vanuatu to contribute to future decision
making processes associated with the health impacts of climate change.

Keywords: health impact assessment, climate change, adaptation, Vanuatu
1. Introduction

That climate change is already having an impact on the global burden of morbidity and mortality has been stated
in the Intergovernmental Panel on Climate Change (IPCC) 4™ Assessment report, which also indicates that these
effects are likely to increase all around the globe (IPCC, 2007). The nature and magnitude of climate change will
determine the extent and nature of future health impacts, so it is crucial that strategies to mitigate climate change
are widely implemented. However, irrespective of the implementation of mitigation measures, health impacts
from climate change will ensue and therefore it is very important that adaptation measures are developed and
implemented to ensure that adverse impacts are minimal (Cambell-Lendrum et al., 2006).

Although the changing climate is a worldwide issue, it will not be experienced uniformly across the world and
many local and regional adaptation measures will need to be developed and implemented. It is crucial for the
health of the community that adaptation strategies are implemented where the adverse health impacts that pose
the greatest potential risk, and/or where the benefits to health can be maximised.

Understanding the relationship between climate variability, the environment and human health can enable us
with some uncertainty, to predict the likely and plausible climate change-attributable impacts on health, and thus
plan effective adaptation strategies (WHO, 2003a). Health impact pathways from climate change were first
articulated by a special WHO Working Group in 1990; these pathways can occur as a result of direct or indirect
exposures (WHO, 1990). Direct exposures refer to the immediate health impacts that can occur as a direct result
of a climate variable, for example heat waves, fires, floods whereas indirect exposures occur when climate
change affects various environmental parameters such as air, water, food quality, food production and disease
vectors, or social parameters such as changes to population distribution and economic variables (IPCC, 2007).
Pathways between changes in the climate and the subsequent impact on health for indirect exposures typically
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include a number of steps, many of which are not the responsibility of the health sector and call for a
cross-sectoral, collaborative approach.

Potential points of vulnerability can occur at different steps in the health impact pathway and each step can
present an opportunity for adaptation. Vulnerability can be considered as the degree to which a system is
susceptible to, or unable to cope with, the adverse effects of climate change (IPCC, 2001) and is a function of
three major factors; exposure to climate factors, sensitivity to change, and adaptive capacity. Exposure to climate
factors depends on location and activities undertaken; sensitivity relates to the way the individual, community or
system responds to climate change. Adaptive capacity is the general ability of institutions, systems and
individuals to adjust to changes that occur as a result of climate change and the ability to take advantage of
opportunities and to cope with the consequences. Many adaptation strategies will be designed to increase our
capacity to adapt to the effects of climate change.

The involvement of a range of sectors in planning and implementing mitigation and adaptation strategies is
important to optimise our responses to the various risk factors that determine our overall vulnerability. A
comprehensive assessment of vulnerability is particularly important, as the main benefits from adaptation
measures will occur when they focus on critical points in the pathway and/or at vulnerable sectors of the
population.

2. Climate Change and Health in the Pacific

In 2009, the Health Ministers of the Pacific island countries held their biennial meeting in Madang, Papua New
Guinea and included discussion on the impacts of climate change on health. The Ministers recognised that
Pacific island countries are particularly vulnerable to climate change and identified several high-priority,
climate-sensitive health risks common throughout the region (WHO, 2009). This initiative followed the
dissemination of a pivotal WHO Regional Framework for Action document in 2008, which laid out key
guidelines and core responsibilities for the health sector to protect communities from the health impacts of
climate change in the Asia Pacific region (WHO, 2008).

In Vanuatu, as far back as 1999, in the country’s Initial National Communication (INC) to the United Nations
Framework Convention on Climate Change (UNFCCC) consideration was given to the potential for climate
change-attributable health impacts to occur (INC, 1999). More recently, the health impacts of climate change in
Vanuatu were outlined in the National Adaptation Programme of Action (NAPA, 2007). In 2010, the Vanuatu
Ministry of Health (MoH) commenced a twelve-month project, supported by the World Health Organization
(WHO) South Pacific, aimed at improving the understanding of the relationship between climate and health in
Vanuatu and to develop adaptation strategies related to climate change and health. This research was undertaken
to identify potential risks to health, to evaluate the risks to determine their relative priority and then to develop
potential adaptation strategies to minimise the impacts on ni-Vanuatu communities.

3. Assessment of Climate Change Health Impacts

Health Impact Assessment (HIA) is a tool developed to consider potential health issues during planning stages of
proposals using established systematic mechanisms to demonstrate factors that could affect health and to
consider potential management options in response. HIA is commonly defined as “a combination of procedures,
methods and tools by which a policy, program or project may be judged as to its potential effects on the health of
a population, and the distribution of those effects within the population” (WHO 1999). HIA is an evidence-based
process that aims to identify and examine both the positive and negative health impacts of activities and provide
decision makers with information about how the activity may affect the health of people.

The HIA framework follows the format of:
e Screening
e Scoping
e Profiling
e Risk assessment
e Risk management
e Decision making

e Evaluation

HIA has mainly been used for the assessments of projects or developments. However it has been identified by
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the World Health Organisation and others (Brown et al., 2011; Nelson, 2003; WHO, 2003b) that the HIA process
provides an appropriate methodology by which the potential impacts of climate change could be initially
assessed to support decision making, especially since it considers health equity (Patz et al., 2008). We developed
an HIA framework that provided for the prediction of potential impacts based on a single possible scenario of
future climatic conditions and biophysical changes in Western Australia (Spickett et al., 2011). The methodology
was used as the basis for developing and implementing a process to develop potential adaptation strategies for
health impacts from climate change in Vanuatu.

The health and well-being of the community is dependent on the activities of a range of private and public
sectors including sectors such as environment, transport, energy supply, and food supply. Involvement of these
sectors and the public in all stages of HIA provides stakeholders with the opportunity to engage with the activity
and act collaboratively to share possible community benefits as well as to minimise potential future problems.
The activities of these sectors impact on health and so need to be included in processes to determine risks and
potential adaptation strategies.

4. Climate Change in Vanuatu

Vanuatu is an archipelago of approximately 80 islands with a land area of 12 335 square kilometres located south
of the equator in the Western Pacific ocean. The predominantly Melanesian population of approximately 240 000
is growing at a rate of 2.3% per annum, and is expected to double by approximately 2030 (Ministry of Health
Annual Report, 2010).

The economy is largely driven by tourism (which accounts for approximately 40% of Gross Domestic Product,
(GDP)) and primary industries (agriculture, fisheries and forestry together account for roughly 15% of GDP).

Vanuatu’s climate is tropical, with two distinct seasons — a warm, wet season and a cooler, dry season. The
climate varies considerably from year to year, mainly due to the effects of the El Nifio-Southern Oscillation
(ENSO) system. The wet season often brings tropical cyclones: 94 intense storms passed within 400km of Port
Vila from 1969 to 2010 (Pacific Climate Change Science Program, PCCSP, 2011).

The main climate change phenomena expected to occur in Vanuatu include (PCCSP, 2011):
- increasing air and sea-surface temperatures

o average air temperatures in Vanuatu are expected to increase by up to 1°C by 2030 and in the order
of 2-3°C by 2090, depending on future greenhouse gas emissions scenarios.

- altered rainfall patterns

o most models predict drier dry seasons and wetter wet seasons for Vanuatu, as well as more
“extreme/high” rainfall events.

- less frequent but more intense cyclones
- sea-level rise

o the recent rate of sea-level rise in Vanuatu has been between 4.7 and 6 millimetres per year and is
expected to continue at this rate to 2030.

- ocean acidification

4.1 The Adaptation Project
The objectives of this research were to:
e identify the potential risks to health from climate change in Vanuatu;

e cvaluate those risks to determine their respective priorities in terms of the likelihood of the event occurring
and the severity of the potential impact on human health and safety; and

e propose a range of feasible adaptation options to avoid the most serious impacts of climate change on health
in Vanuatu.
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5. Methods

The HIA framework used incorporated the profiling to risk management components. The research was guided
by a sequence of three steps: planning, implementation and development of adaptation strategies.

For this project, health was considered in broad terms with a range of determinants, as per the WHO definition of
environmental health:

“Environmental health addresses all the physical, chemical, and biological factors external to a person,
and all the related factors impacting behaviours. It encompasses the assessment and control of those
environmental factors that can potentially affect health. It is targeted towards preventing disease and creating
health-supportive environments”  (WHO, 2013a).

Participants were invited to participate based on their knowledge, expertise and access to data and information
relevant to Vanuatu in the areas of:

e  The bio-physical environment (water, air quality, ecosystems)

e The social and economic environment (e.g economy, mental health, communities and lifestyle, dislocation)
e  The built environment and infrastructure (transport, energy, essential services)

e Environmental diseases (vectors, pests, communicable diseases)

e Food security and safety

e Disaster and management (extreme events)

e Risk assessment and management

An emphasis was placed on the inclusion of community participants with understandings of local circumstances
and variability.

5.1 Planning

An inception process with representatives of several government sectors detailed a stepwise approach to enable
systematic progress through each stage. Table 1 provides a summary of the steps in the process.

Table 1. Summary of the climate change and health assessment process

Stage Process Component Issues for inclusion

Preliminary =~ Development of Communication Strategy
Development of a Stakeholder
involvement Strategy

1 Identification of climate variables Creation of scenario for 2030

2 Identification of environmental impacts Addressed through identification of changes to: Biophysical
arising from climate change environment
Social environments
Infrastructure

3 Identification of potential health impacts Identification of health impacts arising from environmental changes
Identification of vulnerable:
People/groups
Regions
Infrastructure
Services
Identifying/determining gaps in knowledge
Understanding current coping (controls) capacity and limitations

4 Risk Assessment Undertake risk assessments of the identified health impacts
Identifying experts to assist:
Risk assessments
Specific fields

5 Risk prioritisation List impacts according to level of risk

Need to reach consensus based on expert knowledge
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Stage Process Component Issues for inclusion

6 Development of adaptation responses Use of range of adaptation responses provided.
Should consider other adaptations applicable to home country
Consideration of responses with respect to:
General population
Vulnerabilities
Adequacy of control measures
Other requirements
Priorities for action

7 Action Plans (strategies required to For application in Vanuatu
implement adaptations) Need to identify roles and responsibilities

The research process generally followed the steps of a climate change and health vulnerability and adaptation
assessment (Spickett et al., 2011) and was divided into the phases of:

e Identification of the potential health impacts of climate change;

e Stratification (ranking) of the climate-sensitive health issues according the risk each posed in the context of
climate change;

e Identification of appropriate adaptation strategies to reduce the risks posed by each climate-sensitive health
issue

5.2 Implementation

Focus group meetings were held with stakeholders from relevant sectors whose activities were identified as
potentially influencing the health impacts from climate change and included senior representatives from most
Government sectors responsible for policy development and implementation.

To identify potential health impacts the groups were provided with a scenario of potential changes in climate in
Vanuatu in the year 2030 based on projections from PCCSP (Pacific Climate Change Science Program, 2011).
Two important assumptions were then made for the entire project which were:

1) The year is 2030 and climate change projections have occurred

2) Only current management strategies for each health impact are taken into account

The group members then considered in the context of the determinants of health (WHO, 2013b), four major
areas:

e Biophysical environment — impacts including water quality, air quality and biodiversity.
e Social environment - impacts including population displacement and mental health issues.

e Built environment - impacts related to services, infrastructure and economics, including resource
availability and access to a range of health, emergency and other services.

« Environmental diseases and food — impacts related to production of food, vector-borne and food-borne
disease and other environmental diseases.

The climate change effects were also divided into broad sections:

e Increase in severity &/or incidence of extreme events (tropical cyclones, storms, droughts and
heatwaves)

e Increase in temperature
e  Changes in rainfall (patterns and volume)

e Increase in sea-level

For each potential climate change the group then identified:
e  potential impacts on health
e potential health impact pathways

e  vulnerable groups
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e current responses and limitations

e gaps in knowledge

A comparative measure of risk is essential for the prioritisation of adaptation measures. Participants with
expertise in health or risk assessment undertook a qualitative risk assessment in their specific areas of knowledge
to ascertain the level of risk to public health in Vanuatu.

The potential impacts were divided into the areas of:
o Extreme Events
o  Temperature Increase and Related Changes
o  Water-borne Disease and Water Quality
e Vector-borne diseases
e Air Quality
e Food-borne diseases
e Food Production

e Social Impact/Community Lifestyle-Dislocation, Mental Health

Impacts were assessed on a qualitative scale that considered the health consequences and the likelihood of the
health impact occurring. The consequences of potential health impacts were considered in terms of the
magnitude of the impact, the severity of the health impact, the number of people affected, the duration of the
impact and the socio-economic implications. Likelihood ratings were rare, unlikely, possible, likely and almost
certain. A rationale for rankings was recorded.

Risk assessment results were entered into a risk assessment matrix to assign each identified health impact a risk
category of low, medium, high or extreme. Risk priority levels determined by each group were compared to
improve parity across differing impacts types. Consensus regarding the final risk level was important to enable
focus on high-level risks for the development of potential adaptation strategies.

The risk management stage of the project considered adaptation measures that could be applied to the potential
health impacts with a risk ranking of medium or higher. A literature search had identified a list of potential
adaptation measures and participants considered each measure for Vanuatu and added other measures where
appropriate.

5.3 Adaptation Strategies

The adaptation measures were categorised as:

e Legislative or Regulatory

. Public Education or Communication
o Surveillance and Monitoring

. Ecosystem Intervention

. Infrastructure Development

. Technological/Engineering

. Medical Intervention

. Research/Further Information

Each adaptation measure was considered in the context of:

. Relevance for Vanuatu

. Current capacity inclusive of vulnerable groups/regions rated as; not in place (N); inadequate
(D; being developed (D); or adequate (A)

. How adaptations could be implemented in Vanuatu (adjustment/modification of existing

measures or the development of new measures)

. Identification of sectors that would be involved in the development and implementation of the
adaptation strategies.
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6. Results
The application of an HIA framework addressing climate change in Vanuatu provided:
» Identification of potential health impacts
* Identification of vulnerable groups
*  Understanding of key current controls or coping strategies
*  Determination of current knowledge and gaps
* Identification of linkages between sectors
»  Assessment of risk associated with each impact

* Identification of opportunities for adaptation and responsible sectors

Health problems that may be affected by climate change in Vanuatu were identified. These include (but are not
limited to):

- vector-borne diseases (eg. malaria, dengue fever, lymphatic filariasis)
- respiratory disease

- water-borne diseases

- malnutrition/food security

- food-borne diseases

- non-communicable diseases

- traumatic injuries and deaths (eg. from extreme weather events such as cyclones, floods)
- temperature-related illnesses

- mental health disorders

- skin conditions

- eye discases

Based on feedback from expert participants, which included relevant evidential information and data,
climate-sensitive health risks in Vanuatu were ranked as per the results in Table 2.

Table 2. Climate-sensitive health risks in Vanuatu

Risk category Health issue

Extreme Water-borne diseases
Food-borne diseases
High Vector-borne diseases
Malnutrition
Non-communicable diseases
Temperature-related illnesses
Occupation-related illnesses
Medium Respiratory infections
Skin conditions
Eye diseases
Mental health disorders

Traumatic injuries and deaths

The highest level of risk was assigned to health impacts from water-borne and food-borne diseases.

Common themes of vulnerability across a wide range of health impacts were considered under the categories;
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regional, economic, social and infrastructure and services. These highlighted that existing health vulnerabilities
are likely to be exacerbated by climate change.

Table 3 lists potential adaptation strategies proposed to manage the climate-sensitive health risks for the extreme
risk categories. Adaptation strategies were also developed for the health risks in the high category but they are
not presented here.

Table 3. Potential adaptation strategies and actions for priority climate-sensitive health risks in Vanuatu

Strategies Actions

EXTREME RISK — Water Borne Diseases

Legislative or - Develop policy for water storage design and maintenance

Regulatory - Review, amend and enforce existing relevant legislation such as the Public Health Act and
Water Resource Management Act

- Finalize and enforce policies and standards for water management

- Fast track the completion of the National Building Code and mainstream Climate Change
and Water considerations
- Implementation of National Water Strategy 2008-2018.
Public Education & - Develop water hygiene communication strategy
Communication - Strengthen community participation in health promotion activities

- Mainstream climate change and water hygiene into national curricula for schools and other
educational programs at al levels
Surveillance & - Strengthen water and waste water quality monitoring
Monitoring - Strengthen water quantity monitoring
Ecosystem Intervention - Identify and map water catchment areas
- Develop water shed management plans
- Protect Water Source areas/Catchment areas.
Infrastructure - Strengthen and expand National Water Laboratory capacity
Development - Establish and/or upgrade public waste water treatment plant in major urban centres
- Increase and expand distribution of health facilities to remote areas
Technology or - Improve storm water drainage systems
Engineering - Climate proof designs for public facilities
- Use renewable energy technologies to power health facilities
- Establish appropriate waste management processes

- Establish and manage stock pile of medical & water storage supplies for national health
response

Health Intervention - Mainstream climate change and water hygiene into National Health Disaster Plan
- Deployment of more doctors to rural health centres

Research/Information - Assessments of water and climate change issues and identification of vulnerable
communities

- Establish relationship between ENSO, temperature/precipitation and incidences of water
borne diseases

- Strengthen and update Health Information Systems — particularly water hygiene and
Environmental Health diseases

- Complete national water resource inventory
- Conduct national environmental health survey

Capacity Building - Establish and implement national strategy for water hygiene Strengthen capacity to
develop and implement education and training curricula
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EXTREME RISK - Food Borne Diseases
S1 Legislative or - Review, Amend and Enforce Food Control Act and regulations
Regulatory - Development of National Food Standards
- Develop National Food Security Framework
S2 Public Education & - Develop Food Safety Communication strategy
Communication - Mainstream climate change and food safety into National curricula
- Strengthen health promotion at all levels
Surveillance & - Develop surveillance system for food borne disease/health information
Monitoring - Strengthen existing laboratory capacities
- Establish Food Import/Export Inspection Systems.
Ecosystem Intervention - Protect Fishing grounds/Agricultural land

- Establish aquaculture
Infrastructure - Establish National Food Analytical facilities.
Development - Improve food storage , transport and marketing facilities to remote areas
- Improve food-processing facilities.
- Provide assistance to street vendors in establishing safe areas for handling food.
Technology or - Develop and implement Good Agriculture Practices
Engineering - Provide support for local and traditional processes and practices
- Introduce renewable energy technologies for food processing

Health Intervention - Review and update the National Health Workers manual on treatment of Diarrheal diseases
and other dehydration conditions.

- Deployment of more doctors to rural health centres
Research/Information - Strengthen existing data collection procedures under the Health Information System

- Establish links between climate parameters and food poisoning/intoxication and specific
pathogens and toxins

- Research traditional treatments for Fish Poisoning
- Conduct a National Food Safety/Nutrition Survey.
Capacity Building - Strengthen and enhance enforcement/inspection capacities

- Increase Human resource capacities in the Environmental Health Unit.

7. Discussion

The main potential health impacts from climate change in Vanuatu tended to emphasise the public health risks
that are dominant in a society experiencing the so-called “epidemiological transition”, with relatively high
burdens of both infectious and non-communicable diseases. It is important to note that, in the case of Vanuatu as
in many other countries and communities, climate change will not necessarily bring new threats, but rather act as
an “amplifier” or “multiplier” of existing health problems (that is, in the absence of effective adaptation
strategies).

A major difficulty was dealing with the significant uncertainties. Typical quantitative risk assessment procedures
rely on well-documented risks and, with the availability of adequate data reasonably good risk estimates can be
calculated. Making judgements about risks to human health is more difficult because of the uncertainty from
interacting climatic variations and consequential environmental changes. In addition, there were uncertainties
about the proposed adaptations as workshop participants were not fully aware of the status of the current
circumstances of the proposed adaptation measures for reducing health impacts in Vanuatu.

The levels of uncertainty surrounding consequences and/or likelihood of the potential health impacts were
typically higher for indirect and social health impacts, often because of the complexity of the relationship
between the climate variable and the health impact, and knowledge gaps about this relationship. The
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vulnerabilities of different groups within the population were also considered. In general a higher level of
conservatism was applied for those health impacts with a high degree of uncertainty.

The levels of urgency considered necessary to address the climate-sensitive health issues and progress adaptation
options are summarised in Table 4.

Table 4. Management of climate-sensitive health risks

Risk Levels for Health Description of Management Action

Extreme Risks require urgent attention at the most senior level and cannot be simply
accepted by the community

High Risks are the most severe that can be accepted by the community and need
planned action

Medium Risks can be expected to be part of normal circumstances but maintained under
review by appropriate sectors

Low Risks will be maintained under review but it is expected that existing controls will
be sufficient and no further action will be required to treat them unless they
become more severe

In most, if not all, of the adaptation options listed, there are common actions that include the need for:
e increased capacity both in human resources and equipment and other support;

o further information on the health impacts of climate change, including incorporation of these considerations
into the training curricula of health professionals in Vanuatu;

e community education from primary school onwards on the potential health impacts of climate change and
the need for adaptation strategies;

e improved collection, collation, storage and analysis of data on health status in the community;
e inter-sectoral collaboration; and

e improved standards and better enforcement of current regulations.

It was recommended that the adaptations for the “extreme” and “high” risk categories be given priority
consideration through a whole-of-government approach. The next stages would be to implement the adaptation
measures in each area via a lead agency or sector together with other relevant sectors. The health sector should
be included in all groups including anticipation of any unexpected or unforeseen adverse health impacts. The
Health Impact Assessment (HIA) process would provide a framework for this process to occur.

Responses should determine whether each of the proposed adaptations require further justification and can be
implemented readily or if further analysis is required to evaluate the nature of the risk and determine the most
appropriate response actions. Some risks may need to be accepted if there is no cost-effective adaptation measure
or the risk is considered insignificant.

The process used in this project should be repeated, in a modified form, as new information on the monitoring of
climates parameters, predicted climate changes and the predicted adverse impacts on human health become
available.

The limitations of this project have been recognised. Fussell (2008) notes that there are many aspects of climate
change impacts that have unfamiliar components such as the spatial scale, its long-term horizon and its complex
spatial and time pattern. The use of a conservative scenario for 2030 was considered most appropriate for this
investigation. For a more rigorous assessment of the potential health impacts of climate change, there is a need to
ensure that outcomes are reassessed as climate predictions change, downscaled climate data for specific regions
are developed and utilised and that all potential affected sectors are informed and consulted during all stages.

In considering the adaptation activities it is important that, for every action, the potential co-benefits (for health)
are also considered.
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8. Conclusions

This research has identified many potential adaptation measures to reduce or mitigate the impact of climate
change on human health in Vanuatu that consider the current level of development in the country. The possible
events that could impact on health have been identified in terms of the estimated level of risk and the estimated
current level of capacity response. This assessment should allow sectors to make judgements about risks and
appropriate responses that require attention in the short term, those that can be set aside for later attention and
those where more information is needed. The results are expected to be used by decision makers to provide
direction on planning for the short, medium and long term.

In the final analysis it may be that some risks will need to be accepted because there is no cost effective
adaptation measure or the risk to human health is considered to be insignificant in Vanuatu. The level of risk
assessment used in this project did not require a detailed understanding of climate change to provide a general
indication of the types of adaptation responses needed to reduce the adverse effects on health which may arise.
However, further information is needed in order to progress to a more detailed and accurate assessment of
current adaptation measures. The activities and requirements of specific sectors will need a greater level of
general awareness and increased capacity to more accurately predict the impacts of climate changes on health
and to develop and implement further effective adaptation strategies.

Additionally there needs to be improvement in environmental and health monitoring and surveillance systems
across Vanuatu. The health care sector could provide low cost monitoring mechanisms for specific vulnerable
groups and hence sentinel data.

Although this project has identified many potential adaptation responses for Vanuatu, relatively little is known
about the potential barriers to and opportunities for the introduction of the strategies and their cost effectiveness.
Thus there is the need for more investigation/research into these issues. These processes also need to be linked
with climate change activities by other organizations.

Recent increased awareness of changes in the climate and the potential impacts this may have on our health and
way of life have resulted in an increased interest and concern about mitigation of adverse effects and
implementation of adaptation measures to reduce adverse impacts. As more information becomes available from
scientists and other specialists, it is clear that adaptation strategies need to be formulated for all sectors including
health.

The extent of impacts from adverse effects will depend on how well society in Vanuatu can estimate the level of
the impacts, the planning processes for adaptation strategies and the successful implementation of the adaptation
measures. Concurrent with these processes will be measures to mitigate the changes in the various climatic
parameters, which can result in environmental impacts.

It is accepted that climatic conditions in Vanuatu are changing and that physical and environmental changes will
influence the way the community lives. This project has identified a number of potential health impacts that may
arise from climate change in Vanuatu, and has considered a range of ways in which these could be managed. A
number of potential adaptations that could be implemented across Vanuatu to avoid some of the more serious
impacts of climate change on health have been identified and a model procedure which can be used, with some
modification, to develop revised adaptation strategies as the predicted climate variables change and adaptation
strategies has been introduced.
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Prelude

The paper in this chapter describes a mixed-methods, “middle way” approach to climate
change and health vulnerability assessment and adaptation planning in Kiribati - a densely
populated, equatorial atoll country, considered to be one of the world’s most vulnerable to
the impacts of climate change. This highly pragmatic approach, combining the utilisation of
available data, consultation with relevant stakeholders and placement of a premium on
contextual factors (particularly country limitations and policy priorities), could be justifiably

considered the most appropriate option for small, resource-poor developing countries.

Kiribati has benefited, arguably to a greater extent than most other Pacific island countries,
from consistently strong and outspoken leadership in relation to climate change. The
country’s first president, Sir leremia Tabai, was early to recognise the severe challenges his
small atoll nation faced with respect to rising seas and rapid population growth®; his longest-
serving successor, Anote Tong, has been one of the most prominent politicians on the global

stage for over a decade advocating for action to arrest climate change.

This paper summarises the methods, results and lessons learned from the vulnerability
assessment and adaptation planning project in Kiribati, and highlights the relevance of these
findings for other small island developing states. It is reproduced here with the permission
of MDPI, the publishers of the International Journal of Environmental Research and Public

Health.

The candidate’s estimated proportional contributions to this paper were as follows:

Research design: 70%
Analysis and interpretation: 70%
Authorship of paper: 80%

Reference: Mclver L, Woodward A, Davies S, Tibwe T, Iddings S. Assessment of the health
impacts of climate change in Kiribati. International Journal of Environmental Research and

Public Health 2014; 11, 5524-5540

' New flags flying: Pacific leadership (2012). Johnstone | & Powles M, eds. Huia Publishers,
Wellington, New Zealand
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Abstract: Kiribati—a low-lying, resource-poor Pacific atoll nation—is one of the most
vulnerable countries in the World to the impacts of climate change, including the likely
detrimental effects on human health. We describe the preparation of a climate change
and health adaptation plan for Kiribati carried out by the World Health Organization
and the Kiribati Ministry of Health and Medical Services, including an assessment of risks
to health, sources of vulnerability and suggestions for highest priority adaptation responses.
This paper identifies advantages and disadvantages in the process that was followed,
lays out a future direction of climate change and health adaptation work in Kiribati,
and proposes lessons that may be applicable to other small, developing island nations as
they prepare for and adapt to the impacts of climate change on health.
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1. Introduction
1.1. Background to Climate Change in Kiribati

The Republic of Kiribati (Kiribati) is a low-lying country of thirty-three atolls, straddling the
equator in the central Pacific (see Figure 1), with an average elevation of less than three metres above
sea level. Roughly half of the total population of approximately 105,000 reside on the small atoll of
South Tarawa (area 16 km?), with population densities approaching 10,000 persons per square kilometre
in the most crowded parts of the atoll [1].

Figure 1. Map of Kiribati (source: Office of Te Beretitenti, Government of Kiribati).
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The climate of Kiribati is hot and humid, with very little variation in maximum and minimum
temperatures throughout the year. Droughts, usually associated with La Nifia, can be very severe in
Kiribati, such as the events that occurred in 1988-1989, 1998-1999, 2007-2009 and early 2011.

Kiribati is highly vulnerable to the impacts of climate change, due to, inter alia, limited land area
and opportunities for domestic agriculture, over-crowding, the low elevation of the islands and the lack
of safe and secure supplies of potable water. The particular threats posed by climate change
for Kiribati include sea-level rise, increasing air and sea-surface temperatures, ocean acidification,
altered rainfall patterns and the unpredictability of events such as droughts, storm surges and extreme
high winds [2]. On short time scales, some of these changes can be seen already: ambient air
temperatures (closely related to sea-surface temperatures in the case of Kiribati) have increased by
approximately one degree Celsius since 1950 [2], and since 1992 sea-level around Kiribati has risen by
3.9 mm per year, three times faster than the global average [3].

1.2. Rationale for Assessment of Climate Change and Health in Kiribati

Climate change threatens not only the land and livelihoods of i-Kiribati communities, but also the
health of the population. The pathways linking climate change to human health have been described
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extensively in the literature [4-8]; however relatively little of this work to date has focussed on the
South Pacific [9-13].

From 2010 to 2012, the World Health Organization (WHO) Division of Pacific Technical Support
undertook a project supporting eleven Pacific island countries—including Kiribati—assess their
vulnerability to climate change and compile national health adaptation strategies to manage those risks
to health. The mandates for this project included the 2009 Madang Commitment, in which the Health
Ministers of Pacific island countries committed to action on climate change [14]; and the 2008 WHO
Regional Framework on climate change and health [15].

The main climate change-related health risks of concern in Pacific island countries, as identified in
the WHO-supported vulnerability and adaptation assessment project, are summarised in Figure 2.

Figure 2. Overview of climate change and health vulnerabilities in Pacific island countries.
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Recognising the vulnerability of the country to climate change, Kiribati was one of the first Pacific
island states to prepare a National Adaptation Programme of Action (NAPA), prior to the commencement
of the WHO-supported climate change and health project. Kiribati’s NAPA, finalised in 2007,
made reference to several possible health impacts of climate change, including diarrhoeal disease,
dengue fever, fish poisoning, social disruption and the health impacts of extreme weather events [16].

Following on from the NAPA, WHO and the Kiribati Ministry of Health and Medical Services
(MHMS) undertook a more rigorous climate change and health vulnerability assessment. This led to
the development of a National Climate Change and Health Action Plan (NCCHAP), as the health
sector’s formal contribution to the cross-sectoral national adaptation planning process in Kiribati.
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This paper describes the methods employed in Kiribati’s climate change and health vulnerability
assessment and adaptation planning, and summarises the outcomes.

It is important to note that the contemporary literature on health vulnerability and adaptation
assessments includes descriptions of approaches to assessing climate change and health vulnerabilities,
of both quantitative [17,18] and qualitative [19] varieties, but these methods do not always reflect the
practical necessities of climate change and health work in small, developing countries, where resources
are scant and the relevant data is scarce. We describe a “middle way” for climate change and health
vulnerability and adaptation assessments, one that better fits, we suggest, the circumstances of small
island developing states.

2. Methodology

The approaches that have been recommended for carrying out climate change and health
vulnerability assessments and adaptation planning typically include a number of steps,
from identifying the current burden of climate-sensitive diseases, to estimation of the future
climate-change attributable burden of diseases, with consideration of strategies to minimize climate
change-related risks to health and acknowledgement of the health impacts of adaptation in other
sectors. The process employed in the vulnerability and adaptation assessment in Kiribati is detailed
below, with reference to the guidelines provided in the literature [18,20] and summarized in Figure 3.

Figure 3. Steps in assessing vulnerability and adaptation (Source: Kovats et al., 2003 [20]).

1 Determine the scope of the assessment.

N2

2 Describe the current distribution and burden of climate-sensitive diseases.

N2

3 Identify and describe current strategies, policies and measures that reduce the burden of
climate-sensitive diseases.

v

4 Review the health implications of the potential impact of climate variability and change on
other sectors.

v

5 Estimate the future potential health impact using scenarios of future climate change, population
growth and other factors and describe the uncertainty.

6 Synthesize the results and draft a scientific assessment report.
1 Identify additional adaptation policies and measures to reduce potential negative health

effects, including procedures for evaluation after implementation.

2.1. Determining the Scope of the Assessment

In Kiribati, the climate change and health vulnerability assessment began with a review of the
available data on climate and climate-sensitive diseases, along with consideration of current
public health capacity and adaptation activities. The WHO-MHMS team undertook a series of
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consultations with stakeholders across departments of the MHMS, as well as other government
agencies and non-government organizations (see Table 1), seeking views on the key problems posed
by climate change, risks to health and priority adaptation strategies and activities for Kiribati.

The assessment began with an inception meeting (of representatives from Kiribati, Tuvalu, Niue,
Tonga and the Cook Islands) in Auckland in 2010, and spanned four visits to Kiribati by WHO
consultants and staff through 2011 and 2012.

Table 1. Matrix used to assess climate-sensitive health risks in Kiribati, in terms of their
likelihood and impact.

Impact (Considering Consequence and Coping Capacity)

Likelihood Insignificant  Minor Moderate  Major Catastrophic
Almost Certain Medium Medium High Extreme Extreme
Likely Low Medium High High Extreme
Possible Low Medium Medium High High
Unlikely Low Low Medium Medium Medium
Rare Low Low Low Low Medium

2.2. Describing the Current Distribution and Burden of Climate-Sensitive Diseases

The WHO-MHMS team considered a long list of health issues in Kiribati that have the potential to
be affected by changes in climate. In doing so, the team consulted with health stakeholders from
a number of fields (environmental health, communicable diseases, NCDs, nutrition and mental health),
including the relevant heads of departments within the MHMS. The list of potential climate-sensitive
health risks generated for Kiribati included a number of communicable diseases (water-, food- and
vector-borne diseases, infections of the eyes, skin and respiratory tract and zoonotic diseases), injuries,
non-communicable diseases (NCDs) and heat-related illness, food security, malnutrition and mental
health. Despite the lack of detailed information on disease rates, it was possible to identify the most
pressing climate-sensitive health problems in Kiribati via consultation and review of the major causes
of morbidity and mortality from routinely-collected MHMS data.

In order to prioritize adaptation strategies, in the absence of detailed information on risks and
trends, the process in Kiribati relied to a significant extent on expert judgement. This approach
employed estimates of the likelihood that climate change would exacerbate particular health risks,
alongside the potential impact of these increased risks on the burden of disease. This “likelihood
versus impact” model has proved useful in climate change and health impact assessments elsewhere
in the Pacific [13] and is elaborated in Table 1. The core WHO-MHMS climate change and health
team carried out this subjective analysis; on the advice of the MHMS stakeholders, the process was
further simplified by splitting the climate-sensitive health risks into two categories only: “high risk”
and “low risk” (see Results below).

2.3. Identifying and Describing Current Strategies, Policies and Measures that Reduce the Burden of
Climate-Sensitive Diseases

To determine the priorities for this plan, the team focused on conditions that were strongly linked
to changes in climate, that would add substantially to the burden of disease in Kiribati, and were



Int. J. Environ. Res. Public Health 2014, 11 6

tractable—i.e., where evidence was available on interventions that were likely to alleviate the current
and future burdens of these diseases, for example water, sanitation and hygiene interventions for
diarrhoeal illness [21]. While the MHMS had in place some routine policies and measures related to
management of these risks—for example the National Water Resources and Sanitation Policies and the
annual workplan of the MHMS Environmental Health Unit (EHU)—it was clear from the simple needs
analysis conducted during the assessment process that substantial shortfalls in capacity and resources
to manage these risks remained.

2.4. Reviewing the Health Implications of the Potential Impact of Climate Variability and Change on
other Sectors

It was evident that, despite mention of health vulnerabilities in the NAPA, the current suite of
adaptation plans and activities in Kiribati had not sufficiently taken into account the health implications
of climate change. In particular, the marquee national adaptation program—the Kiribati Adaptation Plan
(KAP), then approaching its third phase—was focused on infrastructure and coastal protection
(e.g., construction of seawalls and planting of mangroves) without explicit consideration of the potential
health impacts of these measures. Nor did the KAP grasp the opportunities—the health “co-benefits”—that
might be achieved by emphasizing adaptation strategies closely aligned with health [22—-24].

2.5. Estimating the Future Potential Health Impact Using Scenarios of Future Climate Change,
Population Growth and other Factors, and Describing the Related Uncertainty

It was not feasible, given the lack of reliable historical health data and down-scaled climate
projections, to calculate precisely the future climate-change attributable burdens of disease.
However, on the basis of this assessment and the international literature, it was deemed highly likely
that climate change would amplify current health risks. Of particular concern in Kiribati is the
potential for climate change effects—particularly sea-level rise—to exacerbate overcrowding and add
to the risk of infectious disease transmission [25].

2.6. Synthesizing the Results and Drafting a Scientific Assessment Report

The WHO-MHMS team compiled the aforementioned NCCHAP for Kiribati, which synthesized
the process, outcomes and recommendations of the vulnerability and adaptation assessment. The most
important elements of the plan are included in the Section Results. This NCCHAP has been used to
inform funded adaptation project work related to water security and water-borne diseases in Kiribati
(see Discussion for further details), and will be incorporated into a regional synthesis report on climate
change and health in Pacific island countries, to be launched by WHO later this year.

2.7. ldentifying Additional Adaptation Policies and Measures to Reduce Potential Negative Health
Effects, Including Procedures for Evaluation Following Implementation

Procedures for review of priorities, implementation of plans and evaluation of processes articulated
in the NCCHAP were incorporated into the recommendations. It will be a sign of success if future
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assessments of climate change and health in Kiribati review the NCCHAP methodology, make changes
where these are warranted, and update national plans accordingly.

Sources of information considered in the vulnerability assessment and adaptation planning process
in Kiribati are summarized in Table 2 below.

Table 2. Information considered in the Kiribati climate change and health vulnerability assessment.

Type/Source of
Information Reviewed
and Consulted

Name/Description of Source and Information Obtained

Data

notifiable disease surveillance data from MHMS (Health Information Unit)
annual reports from MHMS

historical climate data from Kiribati Meteorology Service

climate change data (historical trends and predictions) from Pacific
Climate Change Science Program

quality of household sanitation and water supplies, information obtained
from the 2010 national census

population data (2010 census)

Stakeholders

Office of Te Beretitenti (Office of the President)

Ministry of Health and Medical Services

Ministry of Public Works and Utilities

Ministry of Internal and Social Affairs

Ministry of Fisheries and Marine Resources Development
Ministry of Environment, Lands and Agricultural Development
Ministry of Commerce, Industries and Cooperatives

Kiribati Port Authority

Overseas Environmental Cooperation Centre

Secretariat for the Pacific Community (including the South Pacific
Applied Geosciences Commission)

Kiribati Association of Non-Government Organizations
Community members (during health promotion workshops)
World Health Organization

Previous/current activities
related to climate change
adaptation

National Adaptation Programme of Action (NAPA)

Kiribati Adaptations Plans (I-111)

Climate Change Adaptation Plan and Strategy

National Framework for Climate Change Adaptation

Second National Communication (to the United Nations Framework
Convention on Climate Change)

Kiribati Development Plan

Kiribati National Development Strategies

Previous/current activities
related to public health

Ministry of Health and Medical Services’ Strategic Plan
National Population Policy

National Disaster Risk Management Plan

National Sanitation Implementation Plan
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3. Results

In determining the priorities for the Kiribati NCCHAP, the WHO-MHMS team focused on
conditions that:

(@) have been shown to be strongly linked to changes in climate (based on empirical epidemiological
evidence and expert judgement);

(b) would likely add substantially to the burden of disease in Kiribati; and

(c) could be reduced by feasible public and environmental health interventions.

The list of climate-sensitive health risks considered in the final NCCHAP for Kiribati includes
is shown in Table 3. In this Table, “low priority” does not necessarily mean unimportant, but rather
that the issue in question is considered to be of a relatively lower priority than those deemed to be
“high”. Note also the inclusion of disease surveillance, which is clearly not a health condition,
but a health-protective measure—this was included because the team judged that surveillance would be
central to managing most climate-related risks to health in Kiribati.

Table 3. Climate change and health adaptation priorities in Kiribati.

Health Issue Likely to be Affected by Climate Change Priority
Water safety and water-borne diseases High
Food safety and food-borne diseases High
Vector-borne diseases High
Disease surveillance High
Respiratory diseases Low
Malnutrition Low
Non-communicable diseases and heat-related illness Low
Ciguatera Low
Mental health Low
Reproductive health Low

The priority areas for climate change and health adaptation in Kiribati identified in this project and
listed in Table 3 all meet the abovementioned three criteria of being linked to climate change; likely to
exacerbate existing burdens of diseases; and amenable to public and/or environmental health intervention.

3.1. Water Safety and Water-borne Diseases

As an atoll country, Kiribati’s potable water is drawn exclusively from aquifers and harvested
rainwater. According to a 2011 report compiled by the United Nations Office for the Coordination of
Humanitarian Affairs, in collaboration with UNICEF and the Secretariat for the Pacific Community
(SPC), distribution, contamination of the aquifers and other effects of population growth and
increasing density of settlement all pose challenges to water quality in Kiribati. The same report
describes the risks to health and livelihoods posed by drought. Extremes of rainfall are correlated with
the incidence of water-borne diseases (such as diarrhoeal disease, cholera and typhoid fever) in the
Pacific region [11] and elsewhere [26—30]. In South Tarawa, on the basis of the scant data available,
there appeared to be at least a modest seasonal pattern of diarrhoeal disease incidence, with the number
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of monthly cases of diarrhoea in the heavily populated area of Betio rising with the onset of heavy
rains in December in recent years (Figure 4).

Figure 4. Average monthly rainfall (Kiribati), and reported cases of diarrhoea (all ages) in
Betio district, South Tarawa, 2009-2010.
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Community stakeholders pointed out that end-of-year cultural gatherings of large groups may
contribute to an increase in food-borne infections causing diarrhoea, but it is also plausible that run-off
following heavy rains and contamination of drinking water sources contributes to this problem.
Projections for future climates in Kiribati generally indicate an increase in the days of very heavy
rainfall by 2050 [2], raising the possibility of an increased risk of water-borne diseases in heavily
contaminated, crowded areas, unless measures are taken to protect water supplies and block the
transmission of infections. Cost-effective interventions may include hand-washing, household water
treatment and the implementation of water safety plans [31-33], ideally in combination with larger-scale
improvements to water safety testing and infrastructure where there is a clear need (as there is in Kiribati).

3.2. Food Safety and Food-borne Diseases

As an equatorial country which experiences consistently high ambient temperatures and high
humidity, with limited facilities for refrigeration and secure food storage, Kiribati is at high risk of
illnesses due to contamination of food by bacteria, viruses and toxins. These illnesses may be
exacerbated by climate change [34-36], but there are opportunities also to reduce risks by
improvements in storage, food preparation and handling.

3.3. Vector-borne Diseases

Many vector-borne diseases, including those affecting the population of Kiribati (e.g., dengue fever
and lymphatic filariasis) are sensitive to changes in climate variables such as temperature, rainfall and
humidity [37-40], and therefore may be influenced by climate change [41]. Kiribati has experienced at
least three major epidemics of dengue fever since 2003. There is a competent vector present in the
form of the Aedes aegypti mosquito, the atolls provide an abundance of breeding sites (including tyres,
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cans, bottles, shells and coconut husks) and there are high densities of potential human hosts in certain
dengue fever “hotspots” on South Tarawa. Improved disease surveillance (e.g., implementation of a
syndromic surveillance approach) and mosquito control programs have reduced the frequency and
intensity of dengue fever outbreaks in other developing countries [42].

3.4. Disease Surveillance

Expanded or enhanced surveillance for climate-sensitive communicable diseases is one of the most
frequently-cited examples of climate change adaptation in the health context [43], particularly with
respect to climate-based epidemic early warning systems for climate-sensitive diseases such as those
listed above [44-46].

3.5. Respiratory Diseases

Respiratory diseases—including those with infectious causes (e.g., pneumonia, viruses) and other
aetiologies such as asthma—have been linked with climate variability and change [47,48].
It is relevant to note that Kiribati has very high rates of smoking and overcrowding, which are
additional risk factors for transmission of respiratory infections, but are also obvious areas for action in
the adaptation context.

3.6. Malnutrition

I-Kiribati communities, particularly children, are already at significant risk of malnutrition due
to the lack of suitable land for agriculture and the country’s increasing dependence on energy-dense,
imported foodstuffs. The concern is that climate change will exacerbate this risk via its detrimental
effects on crops and fisheries, increasing the incidence of childhood diseases such as diarrhoea
(for which malnutrition is a risk factor) and decreasing individuals’ willingness and ability to perform
outdoor work or exercise in higher temperatures [5,49]. Much work and investment will be needed to
secure suitable nutrition for Kiribati’s population as part of adaptation in the face of climate change.
One example is the current attempt to breed drought- and salt-resistant crops such as taro and
cassava—staple foods in Kiribati and across the Pacific.

3.7. Non-communicable Diseases and Heat-related illnesses

Climate change may have far-reaching impacts on non-communicable diseases (such as diabetes
and circulatory disease), via complex and as yet poorly understood pathways [50,51]. As a poor,
developing nation that already experiences high levels of cardiovascular diseases, cancer and diabetes,
Kiribati is unfortunately situated to experience the additional driving force of climate change on
non-communicable diseases. Increasing ambient temperatures are likely to increase hospitalizations
and deaths of individuals with cardiovascular and respiratory illnesses, as has been demonstrated in
other parts of the world, including tropical regions [52,53].
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3.8. Ciguatera

Ciguatera (a toxidrome caused by ingestion of a dinoflagellate organism which bio-accumulates in
the marine food chain) has been linked with sea-surface temperatures and thus with climate change in
the Pacific, albeit with somewhat conflicting results [54-56]. Kiribati has among the highest reported
rates of “fish poisoning” (noting that this does not necessarily or always imply ciguatera) in the
Pacific, and local studies by the Ministry of Fisheries and Marine Resources Development suggest that
the number and range of ciguatoxic fish may be expanding in reef areas around Kiribati.

3.9. Mental Health

Climate change may threaten the mental health of i-Kiribati communities as rising seas erode land
and livelihoods, threatening the country’s sovereignty and national identity. Unfortunately, there is
relatively little published in the scientific literature on the mental health impacts of climate change
outside the northern hemisphere and developed southern hemisphere countries such as Australia [57-59],
although some inferences may be made from the evidence on the mental health consequences of
natural disasters [59-61]. In addition, in Kiribati very little is known about the present burden of
mental ill-health, so it is challenging to identify with confidence the characteristics of these problems
and the groups in the community that are, or will be, most affected.

3.10. Reproductive Health

One of the major demographic, health, social and development challenges for Kiribati is how to
respond to the country’s rapid population growth. High fertility rates (estimated from the 2010 census
as 3.8 children per woman), increasing population density in Tarawa, and decreasing habitable land
area due to sea-level rise and coastal inundation have already forced the Government of Kiribati to
prioritize population control and resettlement (including policies on emigration) in its National
Framework for Climate Change Adaptation. While it may be considered by many to be a reasonably
effective adaptation strategy, climate change-induced migration itself is likely to have profound health
consequences on both source and recipient communities [62].

3.11. Vulnerable Groups

It is well established in the climate change and health literature that certain groups are likely to be
disproportionately affected by climate change. Such sub-populations include the very young, the elderly,
those with disabilities and pre-existing medical conditions, people residing in highly vulnerable areas
(which may be considered to include the entire population of Kiribati, given the unique geographic
susceptibilities inherent in the width and elevation of exclusively-atoll countries in the context of
climate change) and those in certain occupations (fishers, farmers, construction and other
outdoor workers) [53].
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4. Discussion

4.1. Innovations and Challenges in the Vulnerability Assessment and Adaptation Planning Process
in Kiribati

The climate change and health vulnerability and adaptation assessment in Kiribati combined
quantitative elements—utilizing disease surveillance and climate data where possible, to give an
indication of climate and climate-sensitive disease trends—with a strong qualitative element,
largely carried out via engagement with stakeholders from the MHMS, other government agencies,
community representatives and the Kiribati Association of NGOs (KANGO). This mixed-methods
approach utilized the key features from published guidelines such as those described in the Section
Methodology above, in synergy with a pragmatic, “no regrets” approach—defined as that which
“increases the capacity of society to manage climate risks with a view to reduce the vulnerability of
households and maintain or increase the opportunities for sustainable development” [63]—which has
been recommended for smaller and/or developing countries and weaker health systems [64].
This process also incorporated elements from the Health Impact Assessment (HIA) literature,
which has been adapted to the climate change and health context [19,65,66], particularly with respect
to the health adaptation opportunities in non-health sectors (e.g., agriculture, energy, transport and
infrastructure) and across the governance spectrum (e.g., from regulation and legislation to ecosystem
intervention, research, technological innovation and infrastructure development).

The process of prioritizing climate change-related risks to health in Kiribati was hampered by the
lack of reliable long-term data on disease incidence and health care utilization. Given the data paucity,
priority risks and adaptation strategies were arrived at in large part by a process of consensus building
and “expert opinion”, which has obvious limitations [67].

Nevertheless, the authors believe that a mixed-methods approach to climate change and health
vulnerability and adaptation assessment, such as that described herein for Kiribati—grounded in theory
but flexible in the face of on-the-ground realities and data and resource constraints—is likely to prove
the approach most suitable for small island developing states and many least developed countries in the
foreseeable future.

4.2. Future Direction of Climate Change and Health Adaptation in Kiribati

The key recommendations contained within the Kiribati NCCHAP reflect the priorities listed above,
and relate primarily to strengthening climate-sensitive disease surveillance; improving resourcing for
the MHMS EHU (particularly for those activities related to water safety, food safety and vector control);
increasing the data quality and analytical capacity of the MHMS Health Information Unit; securing the
necessary technical and financial support for community and health sector adaptation; and ensuring
appropriate policy development in the field of climate change and health—for example, using the
NCCHAP as the health sector’s contribution towards ongoing national adaptation planning in Kiribati.

It is hoped that health adaptation to climate change in Kiribati will be guided by the NCCHAP,
but it is also anticipated that this vulnerability and assessment process is merely a starting point,
which must be revised and updated regularly to incorporate new information, science and evidence,
and to reflect current activities and shifting priorities related to public health in Kiribati.
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Early signs of progress in implementing the NCCHAP are evident in a European Union-funded
project, housed within the MHMS EHU, directed by the Secretariat for the Pacific Community
and based on the NCCHAP, which prioritises water safety and water-borne diseases and aims to
strengthen the capacity of the EHU with regards to its activities and resources as a critical aspect of
adaptation in Kiribati.

5. Conclusions

This paper describes a “middle way” for climate change and health vulnerability assessment and
adaptation planning in a low-lying small island developing state. This approach, which combines both
quantitative and qualitative elements and has as its foundation the empirical framework for climate
change and health assessments drawn from the international literature, but that also relies upon
a pragmatic and consensual process to ensure relevance and feasibility with respect to adaptation plans
and implementation thereof, may be the optimal strategy for other, comparable developing and/or
island countries. There are a number of features of climate change and health risk and adaptation
planning described in this paper which are not unique to Kiribati; other Pacific atoll countries such as
Tuvalu, the Marshall Islands and Tokelau may benefit particularly from utilization of the approach
outlined in this paper and the lessons learned from Kiribati’s experience in finalizing and
implementing its NCCHAP.
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Prelude

This paper is the first in a two-part series published in the Fiji Journal of Public Health to
describe Fiji’s “Piloting Climate Change Adaptation to Protect Human Health” (PCCAPHH)
project. This initiative was Fiji’s contribution to a seven-country global climate change and
health pilot project, led by WHO with support from the United Nations Development

Programme (UNDP) and funding from the GEF.

The project team in Fiji, under the guidance of the national steering committee (chaired by
the Permanent Secretary of the Ministry of Health), elected to focus its national vulnerability
assessment on four high-priority climate-sensitive diseases: dengue fever, diarrhoeal

disease, leptospirosis and typhoid fever; collectively known as the “Four Plagues” of Fiji.

The first half of this paper describes the process of analysing these diseases at a national and
provincial level with respect to their clustering in space and time, and their correlation with
meteorological variables such as temperature, rainfall and humidity, as well as their
association with extreme events such as droughts, floods and cyclones — all unfortunately

common occurrences in Fiji.
The second half of the paper considers the possibility of using such analytical techniques to
inform climate-based early warning systems to alert policy-makers and public health

practitioners to the possibility of epidemics of these diseases.

The candidate’s estimated proportional contributions to this paper were as follows:

Research design: 60%
Analysis and interpretation: 60%
Authorship of paper: 90%

This paper is reproduced with the permission of the Fiji Ministry of Health, the publishers of

the peer-reviewed Fiji Journal of Public Health.

Reference: Mclver L, Naicker J, Hales S, Singh S, Dawainavesi A. Climate change and health
in Fiji: environmental epidemiology of infectious diseases and potential for climate-based
early warning systems. Fiji Journal of Public Health 2012; 1(1): 7-13
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RESEARCH

CLIMATE CHANGE AND HEALTH IN FIJI: ENVIRONMENTAL
EPIDEMIOLOGY OF INFECTIOUS DISEASES AND POTENTIAL FOR
CLIMATE-BASED EARLY WARNING SYSTEMS
Mclver L]1,2,* Naicker J1,2, Hales S3, Singh S! and Dawainavesi Al,2

Keywords: climate change, climate-sensitive disease, early warning system

INTRODUCTION

The health impacts of climate change are cause for
growing public health concern around the world.
Anthropogenic (human-induced) changes in the
physical environment due to global greenhouse
gas emissions include rising air and sea-surface
temperatures, altered rainfall patterns and rising
sea levels; these phenomena are linked to health
outcomes via a number of complex, direct and
indirect pathways (see Figure 1). While Figure 1
demonstrates some of the important relationships
between climaticfactors(e.g. rainfall, temperature)
and health effects, it is important to note that
some of the most significant effects of climate
change in the Pacific region, such as sea-level rise
(which may, for example, impact on health by
exacerbating overcrowding, cause mental health
problems due to population displacement and
lead to poor nutrition via effects on agriculture),
are not included in the diagram.

Figure 1. Climate change and health linkages (adapted
from Patz et al, 2000)
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In 2004, the World Health Organization
(WHO) supported a “Global Burden of Disease”
assessment which estimated the annual mortality
burden due to a range of diseases and exposures.
The health impacts of climate change were
included in this assessment and it was estimated
that approximately 150 000 - 200 000 deaths
worldwide, each year, were attributable to the
effects of climate change (Kovats et al, 2005).

As can be seen in Figure I, the health impacts of
climate change include (but are not limited to):
increased burden of water-, food- and vector-
borne diseases; traumatic injuries and deaths
from extreme weather events; increased burden of
respiratory illnesses (due to infective causes and
obstructive airways diseases); increased mental
health problems (from loss of land, livelihoods
and population displacement, as well as the mental
health impact of natural disasters); compromised
food security (leading to malnutrition) and heat-
related illnesses. It is important to note that
these problems will be borne disproportionately
by certain vulnerable sectors of the population -
the very poor, young children, the elderly, people
with disabilities, people with preexisting illnesses
(e.g. non-communicable diseases) and certain
occupations (e.g. farmers, fishermen, outdoor
workers) (Sheffield et al., 2011; McMichael, 2009).

In the Pacific, the regions Health Ministers
identified climate change and health as a key
priority area at their 2009 meeting in Madang,
Papua New Guinea, where they committed to, inter
alia: assessing health vulnerabilities to climate
change, strengthening health systems to manage
the impacts of climate change and mobilizing
communities to increase their resilience to these
effects (Madang Commitment, 2009).
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Fiji is involved in a seven-country global project,
supported by WHO and the United Nations
Development Programme (UNDP) with funding
from the Global Environment Facility (GEF),
entitled “Piloting Climate Change Adaptation
to Protect Human Health” (PCCAPHH). This
project aims to enhance the capacity of Fiji’s
health sector to anticipate and respond effectively
to four priority climate-sensitive diseases (CSDs):
dengue fever, typhoid fever, leptospirosis and
diarrhoeal disease. These CSDs are major public
health concerns in Fiji.

This paper summarises the methodology, results
and implications of the PCCPAHH project’s
work to date examining the relationship between
these diseases (the so-called “plagues” of Fiji) and
climate variability in Fiji.

METHODOLOGY

The majority of the analytical work on the
PCCAPHH project to date has focused on the
construction of a climate-based early warning
system (EWS) to provide timely information
about possible epidemics of the aforementioned
diseases. 'This process involved analysing the
available data on climate (provided by the Fiji
Meteorological Service) and CSD cases (from
the National Notifiable Diseases Surveillance
System - NNDSS), which was carried out via the
following steps:

1. Calculation of historical disease incidence
rates using NNDSS case numbers and
Ministry of Health (MoH) population data.

2. Simple correlation (two-way scatterplots
with straight lines-of-best-fit and summed
residuals) of disease numbers and incidence
with climate data, including:

a. National level: annual aggregate disease
numbers and annual averages of climate
data from 1957 to 2009; and

b. Subdivisional level: monthly aggregate
disease numbers and monthly averages of
climate data from 1995 to 2009.

3. Identification of disease “clusters” (patterns
of unusual disease activity in a given area at a
given time) at the medical area level between
1995 and 2009, using SaTScan (a space-time

analysis software package) and geographic
information systems (GIS) technology to
locate health centres and hospitals (“medical
areas” within subdivisions).

4. Identification of CSD “hotspots” - areas (at
the subdivisional and medical area level)
where two or more of the four priority
diseases occurred at higher-than-average
incidence, or in two or more clusters over the
study period, or both.

5. Detailed analysis of CSD and climate data
in “hotspot” subdivisions, using Stata (a
statistical analysis software package) to
perform time-series analysis, Poisson
regression and lag functions.

RESULTS

Review of the historical incidence patterns for
the aforementioned diseases confirmed the
epidemicity of dengue fever in Fiji and appeared
to show alarming trends towards increasing
incidence of both leptospirosis and typhoid,
while diarrhoeal disease incidence showed no
particular trend.

Space-time analysis of each of the four diseases
over three five-year periods between 1995 and
2009 showed distinct “clustering”, as displayed in
Figures 2a-2d. In this series of figures, each dot
represents a “medical area” (as defined by the Fiji
MoH) and each group of dots of the same colour
represents a statistically significant “cluster”
of cases in a circumscribed geographic region
(medical areas reasonably close to each other) at
a given time during the study period.

2a. Dengue fever ‘clusters” in Fiji (1995-2009)
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2b. Leptospirosis ‘clusters” in Fiji (1995-2009)

2c. Typhoid “clusters” in Fiji (1995-2009)

2d. Typhoid “clusters” in Fiji (1995-2009)

RESEARCH

The process of reviewing historical incidence
patterns and space-time clustering of the four
diseases led to identification of a shortlist of
“hotspot” subdivisions, which appeared to have
increased burden of two or more of the CSDs in
question. This list included Ba, Bua, Macuata, Ra,
Suva, Tailevu, Tavua and Vunidawa. From this
list, the two final “pilot site” subdivisions of Ba
and Suva were selected for more detailed analysis
of the relationship between climate and disease,
via time-series and Poisson regression techniques.

Some examples of the intermediate outputs
of this analysis process are displayed below in
Figure 3 (graphical time-series of leptospirosis,
temperature and rainfall in Ba) and Figure 4
(correlation of rainfall with diarrhoeal disease
in Suva). A summary of the results of modeling
monthly climate variables with monthly cases of
diseases in the two subdivisions is presented in
Table 1.

* The “model” line in each row gives the corre-
lation coefficient for the “best” model combining
the climate variables at monthly lags which give
the highest correlation coefficient

** All results displayed significant to the p<0.05
level.

Figure 3. Monthly leptospirosis cases and climate
(average maximum and minimum monthly
temperatures in degrees Celsius; monthly rainfall in
millimetres) in Ba subdivision (1995-2009)
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Table 1. Relationship between monthly climate variables (rainfall, maximum temperature, minimum temperature

and humidity) at lags of up to three months with monthly cases of CSD’s (1995-2009)

Dengue

Bua

Lautoka

Diarrhoeal iliness Ba

Bua

Suva

Leptospirosis Ba

Bua

Typhoid Ba

Bua

Rainfall- |

Maxtemp- l:l 1 2.3
Mintemp- lag 2
Humidity- lag 1

Model: rainfall, maxtemp, humidity at lag-1

Rainfall - lag 01,2,
Maxtemp- lag 0,2,3
Mintemp- lag 0,1,2,3
Humidity- lag O

Model: rainfall, maxtemp, mintemp at lag-0

Rainfall- Ia%

Maxtemp- lag 1

Mintemp- lag 1

Model: combination of three lagged climate
variables above

Rainfall- lag 2
Maxtemp- lag 3
Mintemp- lag 0,2
Humidity- lag 2

Model: all four climvar’s at lag-2

Rainfall- lag 1

Maxtemp- lag 3
Mintemp- lag 3
Humidity- lag 1

Model: model with all four lagged climvars above

Rainfall- lag 0
Maxtemp- lag 0,1.2,
Mlntemp- lag 03
Humidity- lag 2

Meodel: rainfall, maxtemp, mintemp at lag-0

Rainfall- lag 1,3
Maxtemp- lag 0,3
Mintemp- lag 3

Model: three climvar's above at lag-3

Rainfall- | a%
Maxtemp- lag 1,2
Humidity- lag 1 2

Model: rainfall lag -2, mintemp lag-1

Rainfall- lag 0,2,3
Maxtemp- lag 0,3
Mintermp- lag 0,1,2,3
Humidity- lag 0,1

Medel: rainfall, maxtemp, mintemp at lag-3
Rainfall- lag 1,2,3
Maxtemp- lag 0,3

Mintemp- lag 1,2,3
Humidity- lag 0,1,2,3

Model: rainfall, mintemp at lag-2

Rainfall- lag O
Minternp- lag 0,3
Humidity- lag 2

Strength of association
(pseudo-r2 value)**

0.3,0.27,0.32

0.29, 0.38, 0.32, 0.29
0.25

0.34

0.29

04,03, 037
0.37,0.33, 0.1

0.35, 0.30, 0.32, 0.31
0.33

0.42
0.53
0.27

0.47
0.50
0.57,0.52
0.47

0.1

0.06
0.07
0.14

0.17

0.12
all ~0.10
all ~0.10
0.12

0.13
~0.4

L

0.3
0.32, 0.30
0.3, 03

0.42,04, 048
0.38,0.45
0.4(all)

0.45, 0.40

0.47,0.63, 049
0.47,0.4%9
0.456,0.52, 0.4&6
0.48,0.46,047,05

0.35

0.36,0.36
0.35
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Figure 4. Monthly cases of diarrhoea vs monthly
rainfall (lagged by 1 month) in Suva, based on a
Poisson regression model. (NB. Solid red line is a
Lowess smooth illustrating a typical “U-shaped”
relationship).
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Given the particular vulnerability of the Western
Division to extreme weather events such as
floods and droughts, additional modeling of the
relationships between events such as tropical
depressions, floods and droughts and cases of
CSD’s was undertaken for Ba subdivision. This
analysis showed significant relationships between
these events and epidemics of dengue fever and
diarrhoeal disease in the subsequent month.
These findings are presented as odds ratios in
Table 2.

Table 2. Odds ratios of CSD outbreaks in the month
following extreme weather events in Ba subdivision
Extreme weather 0Odds ratio (OR)* of CSD outbreak in the

event month following the event
Dengue fever: OR=5.17

D ht
roug Diarrhoeal disease: OR=9.0

Floods caused by

tropical depressions Dengue fever: OR =10.57

All Floods Diarrhoeal disease: OR =3.5

* All results displayed significant to the p<0.05
level

DISCUSSION

The PCCAPHH project’s work described above
examining the relationship between climate
variables and cases of four CSDs has discerned
some correlations between monthly temperature,
rainfall, humidity and extreme weather events
and monthly cases of leptospirosis, typhoid fever,
dengue fever and diarrhoeal disease in several
regions of Fiji.

This analysis builds on earlier work in the Pacific
and elsewhere investigating the relationships
between climatic factors and infectious diseases,
including:

- modeling of dengue fever in the South
Pacific showing a positive correlation
between monthly temperature and rainfall,
La Nifia years and dengue fever outbreaks
in ten countries, including Fiji (Hales et al.,
1999), with comparable findings reported
in several other regions of the world such
as the Caribbean (Depradine et al., 2004),
South America (Chowell et al., 2011) and
South-East Asia (Thai et al., 2010);

- a well-known study of diarrhoea in infants
in Fiji showing a positive association
between incidence of diarrhoea, extremes
of rainfall and increasing temperature
(Singh et al, 2001), a finding consistent
with earlier work in Peru (Checkely et al.,
2000) and Bangladesh (Hashizume et al,
2008)

- the observation that Fiji experiences
outbreaks of leptospirosis after cyclones,
with generation of the hypothesis that this
correlates with the corresponding increase
in agrarian activities that takes place
following a natural disaster (Ghosh et al,
2010), noting that this is consistent with
some published studies reporting higher
rates of leptospirosis following rainfall
elsewhere in the tropics (Lhomme et al.,
1996, Desvars et al., 2011).

The empirical modeling to date indicates that,
given the observed lag between the exposure
(climate variables) and the outcome (monthly
cases of disease), it may be possible to use climate
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information (including forecasts) to predict
epidemics of these four important communicable
diseases in Fiji. This idea has a long history, with
models pioneering the incorporation of rainfall
into malaria early warning systems in India
dating back almost a century (Gill, 1923). The
process of compiling such models, including key
components and steps for testing and evaluation,
has been well described elsewhere (Campbell-
Lendrum, 2005).

While, clearly, the explanatory power of climatic
factors in predicting CSD epidemics is typically
small,and myriad other factors (suchas population
movements, herd immunity, vector abundance
and behaviour to name just a few) all form part
of a more complete, biological or “mechanistic”
model of disease, nevertheless the ability to use
climate data to add an extra, “upstream” layer
to standard disease prevention, surveillance and
response capacity may prove valuable in the Fiji
public health context (see Figure 5).

Figure 5. Early warning systems adding value to
traditional disease surveillance (WHO, 2008)
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It must be made clear, however, that both the
analyses above and the potential for these to
inform any prospective disease early warning
systems are limited by the quality and quantity of
the data, particularly the health data.

One of the major issues is the mismatch between
the notified () and the laboratory-confirmed
case data for these and other diseases (including

influenza). This is a well-recognised problem in
Fiji, resulting from the gradual strengthening of
the laboratory diagnostic capacity in the country
(which lies predominantly within the National
Centre for Communicable Disease Control and
the major hospitals) and the inconsistencies in
reporting of notifiable diseases, due to problems
with case definitions, timeliness of report
submissions, the attention given to diseases
around the time of outbreaks and other factors. Of
particular relevance to this project is the fallibility
of the NNDSS in accurately and consistently
recording cases of dengue fever, leptospirosis
and typhoid fever - all of which can be difficult
to diagnose clinically without laboratory
confirmation, particularly in the context of an
outbreak (which can lead to over-diagnosis
of the disease in question due to heightened
awareness of patients and clinicians alike, as well
as potentially under-diagnosis of diseases with
similar clinical presentations, as demonstrated in
a study of leptospirosis in patients presenting with
dengue-like illnesses in Puerto Rico (Bruce et al,,
2005)). It could also be argued that the lack of
routine laboratory confirmation of diagnoses of
these three diseases prior to approximately 2006
means that there is a genuine lack of information
regarding their true incidence in Fiji.

A critical issue in the study of typhoid fever in Fiji
is the apparent sudden rise in cases from around
2005-2006. Possible causes for this include: a true
increase in the number of cases of typhoid in Fiji,
far in excess of that which may be expected due
to population growth; increased awareness on
the part of the public and/or health professionals
about the risk factors, symptoms and clinical
picture of typhoid (NB. this may have the effect of
either accurately recognising cases which would
have previously gone unrecognised, or incorrectly
diagnosing non-typhoid cases as typhoid); a
lapse in the typhoid vaccination regimen; and
antibiotic resistance of the pathogenic organism,
among other factors.

There are occasional, unexplained gaps in both
the health and climate data utilised so far; it is not
clear whether, in the case of the disease data, these
represent “no cases’ and/or “unreported cases”
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(for the climate data presumably a breakdown
in communication and/or technology is to
blame). There have also been inconsistencies in
the manner in which the health data have been
recorded over the study period (most likely due
to staff turnover); there is the potential — and
intention - for this project to contribute towards
the standardisation of disease data record-keeping
for improved use in the future.

CONCLUSION

Elucidating the relationships between climatic
variables such as temperature, rainfall, humidity
and extreme weather events and CSDs such
as leptospirosis, typhoid fever, dengue fever
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Prelude

This paper, the second in the two-part series published in the Fiji Journal of Public Health,
provides a critical appraisal of one of the strategies for health adaptation most commonly
postulated in the literature — climate-based early warning systems for infectious disease

epidemics — viewed from the perspective of Fiji’s climate change and health adaptation plan.

Innovative statistical models were used to generate a “risk index” in the case of diarrhoeal
diseases in two of Fiji’s “hotspot” subdivisions; the paper goes on to describe a hypothetical
mechanism for the communication of such warnings based on system triggers and

information feedback loops.

However, the paper makes clear that despite the enthusiasm for early warning systems in
the international climate change and health literature, their use may be limited in small,
developing countries, whose health systems are already stretched to or beyond capacity,
and where small populations weaken the statistical power of such models. In these
contexts, advance warning is rendered useless by the lack of surge capacity to enable

effective intervention(s) to avoid the possible health risk alerted by the system.
Thus, as this paper points out, a cautious, consultative approach is required prior to the
investment of substantial time and resources into developing early warning systems as

adaptation strategies for Pacific island countries.

The candidate’s estimated proportional contributions to this paper were as follows:

Research design: 50%
Analysis and interpretation: 50%
Authorship of paper: 70%

This paper is reproduced with the permission of the Fiji Ministry of Health, the publishers of

the Fiji Journal of Public Health.

Reference: Mclver L, Hales S, Dear K, Kim R. Early warning systems for climate-sensitive
infectious diseases in Fiji: lessons learned and next steps. Fiji Journal of Public Health 2014;
3(3): 8-16.
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Early warning systems for climate-sensitive infectious diseases in Fiji: lessons

learned and next steps
Mclver. L', Hales. §, Dear. K> and Kim. R*

Keywords:

Abstract
Background: 'The Piloting Climate Change Adaptations to Protect Human Health (PCCAPHH) project in Fiji has as one of its
three main objectives the establishment and trialling of climate-based early warning systems for climate-sensitive infectious diseases,
which have been tested and implemented for climate-sensitive health risks such as heatwaves, dengue fever and cholera elsewhere in
the world.

Aims: 'This paper summarises the relevant literature on climate-based disease early warning systems in the Pacific context, and de-
scribes the methodology and results of the analysis of climate and diarrhoeal disease data for Ba and Suva subdivisions — the two
PCCAPHH project pilot sites — in an effort to determine whether a climate-based early warning system for diarrhoea may be imple-
mented by the Fiji Ministry of Health.

Methods: Negative binomial regression of climate and diarrhoeal disease data was undertaken, and models built incorporating
climatic factors at different temporal (monthly) lags. The best models for Ba and Suva subdivisions were used as the basis for the
construction of a “diarrhea risk index” based on an anomaly function, which used as a reference the observed numbers of cases over
a long-term trend.

Results: Diarrhoea risk index models were constructed for both Ba and Suva subdivisions, and an early warning system mechanism
based on these models and novel linkages between key stakeholders (including the Fiji Meteorology Service, Fiji Ministry of Health
and community agencies) is proposed.

Conclusion: Climate-based early warning systems, such as those proposed for diarrhoeal disease in these two pilot sites in Fiji, form
part of a suite of health system adaptation measures which may be used to protect human health from short-term hydro-meteorolog-

ical disasters such as floods, as well as the longer term detrimental impacts of climate change.

Introduction

Early warning systems (EWSs) are a concept originating in the
field of disaster risk reduction and are predicated upon the provi-
sion of timely information enabling actions to minimise the im-
pact of an anticipated event. EWSs have long been considered to
be one of the key opportunities for the health sector with respect
to climate change and health adaptation (Connor et al., 2010;
WHO, 2003), including in the setting of small island developing
states (SIDS) (Ebi et al., 20006).

The empirical basis of an early warning system rests on three
fundamental assumptions: that of biological plausibility, where-
in environmental or other natural phenomena are logically and
provably linked to a particular hazard or outcome; that of tempo-
ral lag, whereby sufhicient time lapses between the warning signs
and the event occurrence to enable appropriate action; and that
of intervention feasibility, which implies that it is possible to take
anticipatory or avoidant action to minimise the impact of the
event.

The common ground between disaster risk reduction and cli-
mate change adaptation is increasingly recognised within national
and international adaptation frameworks, including those issued
by organisations such as the United Nations Office for Disaster
Risk Reduction (UNISDR), the International Federation of the
Red Cross (IFRC) and the World Health Organization (WHO).
In the Pacific region, several countries have compiled Joint Na-
tional Action Plans for climate change and disaster risk reduction
(JNAPs), including Cook Islands, Marshall Islands, Nauru, Niue,
Tonga and Tuvalu (SPREP, 2013), and a forthcoming report by
WHO entitled Human Health and Climate Change in Pacific
island countries summarises the efforts and plans of Pacific island
countries (PICs) to increase the resilience of health systems to
both climate change and natural disasters (WHO, in press).
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Disaster risk practice is therefore a suitable starting point for con-
sideration of climate-based EWSs for health risks (e.g. epidemics
of communicable disease), since there are established resources,
policies and experience in this field.

EWSs have been defined as: “The set of capacities needed to gener-
ate and disseminate timely and meaningful warning information to
enable individuals, communities and organizations threatened by a
hazard to prepare and to act appropriately and in sufficient time to
reduce the possibility of harm or loss(IFRC, 2012).

Implicit in the idea of an EWS is a high degree of shared un-
derstanding about the nature of the hazard, the reasons for the
warning and the nature of action, including preparation that is
needed to reduce loss or harm. An EWS must be based on sound
knowledge of risks and the risks must be able to be monitored
or forecast. But EWSs are more than just prediction tools; to
be effective, they must include mechanisms to disseminate and
communicate critical information, and enable interventions that
are proactive (as opposed to reactive or responsive), appropriate,
timely and sufficient (Basher, 2006).

There is increasing international interest in EWSs. Many in-
ternational agencies and non-government organisations (NGOs)
are developing programmes and resources to support the expan-
sion of early warning capacity. This expanded intefest appears
to be based in part on the effectiveness of early wafning systems
in reducing mortality from severe weather evengfsuch as storms
(Ebi & Schmier, 2005), and more recent obserytions of a similar
potential for such reductions in relation to Jf€atwaves (Huang et
al., 2013).

Climate-based EWSs for health haz
disease epidemics are a relatively re
well developed than those used

such as communicable
development, and are less
ticipate the health impacts
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of natural disasters and extreme weather events. There is convinc-
ing evidence that many communicable diseases of global con-
cern are climate-sensitive, including vector-borne diseases such as
dengue fever (Chowell et al, 2011; Hii et al, 2012) and malaria
(Thomson et al., 2006; Yu et al., 2014); zoonoses such as lep-
tospirosis (Weinberger et al., 2014); and water- and food-borne
diseases causing diarrhoeal illnesses and other gastrointestinal in-
fections (Hashizume et al., 2007; Singh et al., 2001; Wu, Yunus,
Streatfield & Emch, 2013).

Each of these climate-sensitive diseases differ in terms of the em-
pirical basis for early warning systems — i.e. the above mentioned
fundamental assumptions of biological plausibility, temporal lag
and intervention feasibility. To take one example, vector-borne
diseases such as dengue fever and malaria are driven, in part, by
the relationship between mosquito life cycle breeding habitats,
larval multiplication, biting behaviour and viral replication, all of
which may be affected by environmental factors such as rainfall,
temperature and humidity (Bouzid et al., 2014; Hunter, 2003).
However, these factors together form only part of a much larger
and more complex ecological system which includes human be-
haviour,
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individual and herd immunity, spatial dynamics, intervention
measures and myriad other factors. In another example, the case
of diarrhoeal diseases, the many pathogens causing gastrointesti-
nal infection may be affected by temperature — with many bac-
teria and viruses replicating faster at higher temperatures — and
rainfall, particularly in the extreme, i.e. scarcity (e.g. drought)
and abundance (e.g. flood), when drinking water sources are
more prone to contamination and the safety of water, sanitation
and hygiene systems are compromised (Falagas et al., 2010; Wu
etal., 2013).

While it is outside the purview of this paper to elaborate in

further detail the complexities of these ecological links, it is clear
from the rapidly expanding body of evidence on the topic that
environmental and climate factors are significant links in the
mechanistic models of disease, and are thus correlated, to varying
degrees, with climate-sensitive disease dynamics.
There are also sound theoretical reasons to expect that early in-
terventions might be beneficial to reduce the burden of climate-
sensitive infectious diseases. A framework for the development of
EWSs for climate-sensitive infectious diseases has been proposed
(see Figure 1).
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Figure 1. Framework for developing EWSs for climate-sensitive diseases (Source: Kubn et al., 2005)

Major national and international collaborative efforts are under-
way to develop climate-based models for early warning of out-
breaks of, inter alia, malaria, dengue fever, diarrhoeal disease and
meningitis (WHO & WMO, 2012), including some Pacific-spe-
cific models, such as that developed for dengue fever in New Cal-
edonia (Descloux et al., 2012). However, the science of climate-
based disease EWSs is still in its infancy, scant progress has been
made to date in testing and evaluating such models and, despite
the abundant recommendations for the utilisation of EWSs as
health adaptations to climate change, most such systems remain
in the theoretical domain at present.

This paperdiscusses the development of a climate-based EWS for
diarrhoeal illness in Fiji.
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Fiji is one of seven countries involved in a global climate change
and health adaptation pilot project entitled Piloting Climate
Change Adaptations to Protect Human Health (PCCAPHH),
along with Barbados, Bhutan, China, Jordan, Kenyd and Uzbeki-
stan. The project is implemented by the Fiji Mjdistry of Health
(MoH), funded by the Global Environment Efcility (GEF), and
facilitated by WHO, in collaboration wit e United Nations
Development Programme (UNDP). The gfoject’s overall aim “...
to increase adaptive capacity of nati health system institu-
tions, including field practitioners respond to climate-sensi-
tive health risks” is to be achieve@Via three main outcomes, the
first of which is to devise an “...to provide reliable informa-
tion on likely incidence mate-sensitive diseases”.



The PCCAPHH project in Fiji focuses on four priority climate-
sensitive communicable diseases — diarrhoeal disease, dengue
fever, leptospirosis and typhoid fever — that are collectively con-
sidered to be the country’s “four plagues”. An extensive review
of these four diseases was conducted in the early stages of the
project, including the epidemiology, distribution and climate-
sensitivity of each disease, and the identification of “hotspot”
subdivisions and subsequently two project pilot sites, where the
burdens of disease appeared to be highest and/or the climate-
sensitivity seemed strongest, and the potential for public health
intervention(s) to reduce the contemporary and future burden
of such climate-sensitive diseases was deemed greatest (Mclver et
al., 2012).

In this paper, the process of devising and implementing an
EWS for diarrhoeal disease in the two regions of Fiji selected as
the PCCAPHH project pilot sites is described, including the
methodology and results of statistical modelling of climate and
disease data, and the mechanism by which such a system may be
implemented in Fiji.

‘The analysis and discussion that follow are limited to con-
sideration of the climatic drivers of diarrhoeal disease in two
regions in Fiji. It must be understood that the environment in
general, and climate in particular, form only a relatively small
piece of the overall picture of the epidemiology of diarrhoeal
disease in Fiji.

There are many other, important factors that contribute to
the burden, or alleviation, of diarrhoeal disease in these two
pilot sites and other regions in Fiji; detailed discussion of these
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factors is outside the purview of this paper, which focuses on the
potential for climatic factors to form the basis of an EWS as a
pilot strategy for climate change adaptation in Fiji.

In addition, the implications of EWSs as a health adaptation
strategy in the context of Pacific SIDS are discussed, includ-
ing some of the foreseeable challenges and opportunities. It is
hoped that the lessons learned from this pilot project in Fiji will
prove useful in the wider landscape of climate change and health
adaptation, both in the Pacific region and in other settings
around the world.

Methods

This study focussed on the potential for climate-based early warn-
ing systems to provide timely information regarding increased
incidence of diarrhoeal disease in the two PCCAPHH project
pilot sites of Ba and Suva subdivisions (see Map 1). A number of
key factors determined the selection of these two subdivisions as
pilot sites for the project. Principal among these factors were the
differing climates on the two sides of the main island of VitiLevu
without hyphon (Suva being in the wetter south-west region and
Ba in the drier north-east), the burden of diarrhoeal diseases and
the other three climate-sensitive diseases prioritised in the PC-
CAPHH project (dengue fever, leptospirosis and typhoid fever),
and the climate-sensitivity of the diseases themselves — i.e. the
extent to which each of the diseases appeared to be associated
with climatic factors and thus amenable to intervention with
early warning (Mclver et al., 2012).

N

@

Map 1. Regions (medical subdivisions) of Fiji shaded according to average annual di
(per 100 000 population) over the period 1995-2009, with stars indicatin
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Data

Available weather variables included: monthly average of daily
minimum (Min) and maximum (Max) temperatures (°C);
monthly average of daily average relative humidity (RH) (%);
and total monthly rainfall (RR) (mm). The rainfall variable was
transformed using logl0 (1+RR) due to substantial skew, thus
limiting the effects o§ outliers on model validity. The monthly
timescale was selected for two principal reasons: first, there is a
strong precedent in the literature on environmental epidemiolo-
gy and time series analysis supporting the use of monthly tempo-
ral windows; second, both meteorological and disease data were
available in raw form at monthly average and/or aggregate time-
scales, whereas daily or weekly timescales would have required
some form of imputation or transformation of one of the two
datasets, thus introducing another potential source of error.
Missing weather values for Ba were imputed using linear regres-
sion on the other three variables, the previous month’s value of
the missing variable, and year and month as factors. Where other
weather variables were also missing in the same month, the re-
gression was limited to year, month and the previous value. In Ba,
one implausibly low value of maximum temperature was deleted
(April 2000, 25.3°C), then imputed (to 32.1°C).

Diarrhoeal disease data was sourced from Fiji’s National Noti-
fiable Disease Surveillance System (NNDSS). Weekly notifica-
tions of the number of cases of diarrhoeal disease from all medical
areas within each subdivision over the study period of 1995-2009
were collated into monthly datasets. Given that the NNDSS is
the standard reporting system for notifiable diseases across Fiji, it
is assumed, for the purposes of this study, that both the validity
of the data and potential sources of bias are consistent between
the two subdivisions under study. Similarly, while there may be
intrinsic differences between the scope and effectiveness of public
health practice (including data collection and practical action)
between the two subdivisions, it is outside the scope of this study
to address these and other related sources of error and bias, so it
is assumed that both subdivisions have equal capacity to report
and react to information.

The models presented below analyse total monthly reported
cases of diarrhoea disease ignoring age, sex and race, and attempt
to capture the variation in these rates as functions of time (long-
term trend and month of the year) and recent weather (up to 12
months past). Such models are purely empirical, in that they do
not attempt to take into account biological or other mechanistic
factors which may confound or otherwise affect the relationship
between climate variables and cases of diarrhoeal disease.

Model building
Monthly disease rates were modelled using negative binomial
regression. This class of model is standard for analysing count
data that are overdispersed, i.e. that are more variable than a Pois-
son model would assume. Long-term trend was captured using
orthogonal natural splines with six degrees of freedom, gener-
ated using the “splinegen” function in Stata - a data analysis and
statistical software package (Stata Corporation, College Station,
Texas).

Annual cycles were captured using cosinor analysis, that is, sine
and cosine functions that repeat once, twice or more within a
year and are assumed to apply identically in every year. The re-
quired number of harmonics was determined by comparison
with a model that treated months as a 12-level factor: the num-
ber of harmonics was set to the minimum, such that the fac-
tor model was not a statistically significant improvement, since
this indicated that the cosinor model had captured all important
cyclic annual variation in disease rates. In a baseline model for
each disease analysed in each location, each of the four weather
variables was modelled as distinct effects at lags 1 (the previous
month) to lag 12 (one year ago). Lag 0 (the current month) was
not used in the models as it would not be available for predictive
purposes, i.e. early warning.
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The baseline model thus included trend, cycles, and up to twelve
monthly lags for each weather variable.

From this baseline model, simple summaries of one or more
weather variables were identified visually. For example, if a cer-
tain range of lags appeared to have a strong and similar effect on
disease risk, then the average over those months was deemed a
reasonable representation ofg the effect of that variable for the pur-
pose of modelling that disease in that location.These summary
measures, or weather indicators, were then used in a new model
to obtain coefficients and to re-estimate monthly effects.

An index was then constructed incorporating the monthly
effects (i.e. time of year) and the weather indicators with their co-
efficients. The association of past disease rates with the index was
examined in order to locate a threshold above which a warning of
impending disease might be issued.

Alternative methods for model-building and validation were
considered, including a binary outcome measure (e.g. epidemic
month/period versus non-epidemic month/period), and prospec-
tive validation. The authors concluded that the diarrhoea anom-
aly and risk index approach outlined above, and elaborated in the
Results section below, provided the best opportunity for piloting
an EWS for diarrhoeal disease in Fiji. Future work for the PC-
CAPHH project team will include prospective validation of this
model, to explore the sensitivity and specificity of the warning
capacity of the models.

Results

Substantial numbers of cases of diarrhoea were reported in all
twelve months of the year in both subdivisions. While a certain
amount of natural variability is to be expected with any disease,
the analysis above attempted to control for this natural variability
to elucidate the proportion of disease variability attributable to
climatic factors. Thus, in the graphs that follow (Figures 2 and
3), the absolute numbers of cases of diarrhoeal disease are less im-
portant than the trends, which have been adjusted to best capture
the contribution of climatic factors to disease activity.

It is important to note that, despite the differences in climate
between the two pilot sites, the overall climate in Fiji is tropi-
cal, with a wet season from approximately November to April;
diseases such as diarrhoeal illness typically increase during this
period in Fiji and elsewhere in the Pacific (Mclver, 2014)

In Ba subdivision, cosinor terms with four degrees of freedom
(annual and half-yearly cycles) proved sufficient to capture an-
nual cycles (Figure 2).
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Figure 2. Monthly counts of diarrhoel cases in Ba subdivision
(1995-2009), adjusted for weatherfvariables and annual cycles
(cosinor terms with four degrees of freedom, with spline trend of six
degrees of freedom). NB. ary values shown as solid circles.
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In Suva, once again cosinor terms with four degrees of freedom
were sufficient (see Figure 3).

2 :
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Figure 3. Monthly counts of diarrhoea cases in Suva subdivision
(1995-2009), adjusted for weather variables and annual cycles
(cosinor terms with four degrees of freedom, with spline trend of six
degrees of freedom). INB. January values shown as solid circles.

Table 1 shows the results from significance testing of the basic
model.

Table 1: Statistical significance of weather variables (lags 1 to
12, 12df Wald test) in predicting disease frequency.

Suva Ba
p-value Diarrhoea Diarrhoea
Min 0.063 <0.001
Max 0.17 <0.001
RR <0.001 0.001
RH 0.004 0.098
Log RR for diarrhoea in Ba
min max
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Figure 4. Coefficients for lagged weather variables in Ba (with 95%
CI). The graph for humidity (rh) shows rate ratio per 10 percentage
points of relative humidity
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The traces of parameter estimates for the four weather variables
in Ba (Figure 4) suggested use of simple predictive indicators. The
coeflicients were estimated by regression using these indicators:
Imin = average of monthly minimum temperature over lags 6 to
12 (seven months): coefficient -0.447

Imax= average of monthly maximum temperature over lags 7 to
10 (four months): coefficient 0.782

Irr = average of log10-transformed monthly rainfall over lags 9 to
12 (four months): coefficient 1.18

RH: not used.

In addition, an adjustment K(m) for each month m is to be ap-
plied, based on a fitted cosinor function.

The resulting diarrheal risk index for Ba was calculated as:
DRIba = K(m) + (-0.447)xImin + (0.782)xImax + (1.18)xIrr

This index expresses short-term variation in expected incidence
of diarrhoea, against a background of more slowly varying disease
rate. Therefore, to assess its performance and to identify a diar-
rhoeal risk alert threshold, the index’s value in relation to the ratio
of observed cases to the local trend was considered. This ratio,
termed “Diarrhoeal Anomaly”, is shown in Figure 5.

Since the index is based only on month of the year and weather
values at least six months in the past, the index can be projected
up to five months into the future. For instance, assuming that in
May the weather data for April are available, then the index can
be calculated as far ahead as October.

Diarrhoeal anomaly against Risk Index
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Figure 5. Diarrhoeal anomaly in Ba (rate relative to trend) against
risk index calculated from weather data at least six months prior to
the month of prediction.
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The traces of coefficients for Suva (Figure 6) suggest no effect of
temperature, confirming the significance test. Indicators for RR
and RH might be calculated as the difference between lag 3 and
lag 12, for both variables, i.e. Irr = RR3-RR12 (using RR on the
log scale); andIrh = RH3-RH12. Refitting the model using just
these two indicators of weather, plus trend and cycles, gives coef-
ficients -1.00 for Irr and .0815 for Irh.

Thus the diarrhoeal risk index for Suva is calculated as:

DRIsu = K(m) + (-1.00)xIrr + (0.0815)xIrh

Diarrhoeal anomaly against Risk Index: Suva
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Figure 7. Diarrhoeal anomaly in Suva (rate relative to trend)
against risk index calculated from weather data at least three
months prior to the month of prediction.

Discussion
EWS have long been considered one of the most promising areas
for innovation in the field of climate change and health adapta-
tion. Climate-based EWSs represent both a challenge and an
opportunity for the health sector, in that they may improve the
sector’s ability to anticipate events such as epidemics, thus reduc-
ing the overall health impact thereof.

ere are a number of climate-sensitive infectious diseases
of international public health concern in the context of climate
change; the majority of these are the subject of various types of
research related to climate-based EWSs in different parts of the
world (Grasso et al., 2012). While a significant proportion of
this research has focused specifically on cholera, diarrhoeal dis-
ease more broadly has not yet attracted significant research atten-
tion in relation to EWS development.

The work undertaken by the PCCAPHH project, and the
mathematical models of diarrhoea risk described above in Suva
and Ba — two regions with quite different climates and contrast-
ing socio-demographic indicators - may pave the way for trialling
a climate-based EWS for diarrhoeal disease in Fiji.

At a conceptual level, there are four distinct questions or tasks
in designing an EWS for climate-related health issues. These in-
volve identifying:
e the relevant risk(s) (what it is, where does it exist, and
crucially, how important is it?);
 whether it is possible to monitor and/or forecast the
risk(s) with sufficient accuracy;
e whether it is possible to communicate the risk in a timely
and effective way; and
* whether the population or target sector is able and willing
to respond to the communications in a timely and
effective way.
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The questions above relate to the key components of a public
health EWS, as described by Ebi and Schmier in 2005 (see Table
2).

Table 2. Key components of an early warning system for pub-
lic health (Source: Ebi & Schmier, 2005)

Component of EWS

Key considerations

Meteorological identification and Type of event

forecasting
Risk of event (probability versus impact)

Accuracy

Timing

Prediction of possible health ouctomes | Modelling functions of climatic factors and disease risk (e.g.

diarrhoea risk index, as described above)

Response plan Where will interventions be implemented?
When (including thresholds for action)?
‘What interventions are to be triggered?

How will the actions be implemented?

Implemented by whom and communicated to whom?

System evaluation Monitoring and evaluation of system components and overall

effectiveness?

Cost-benefit analysis/economic effectiveness

In Fiji, the main provider of meteorological analysis and fore-
casting is the Fiji Meteorology Service (FMS), which has been
a key partner in the PCCAPHH project. In collaboration with
the FMS, the MoH may be in a position to trial a climate-based
EWS for diarrhoeal disease in one or both of the project pilot
site subdivisions, based on the models described above, with a
lead-time of approximately three of five months for anticipatory
interventions to reduce the burden of disease.

For example, in Ba, it appears that high disease risk (rates
more than double the current trend) tend to occur at index values
above approximately 17.8. All instances of rates more than three
times the current trend were associated with index values above
this threshold.

In Suva, however, while a clear trend is evident of increasing
risk of diarrhoea with increasing risk index, there is ambiguity
surrounding a suitable threshold (or early warning system “trig-
ger”). All months where the ratio of incidence to trend exceeded
3 had positive risk index (DRI>0) (see Figure 7). However, if
warnings are issued whenever DRI>0, based on historical pat-
terns, a majority of warning events will be followed by near nor-
mal diarrhoea rates. It would likely therefore prove difficult to
define a threshold level of risk for diarrhoeal disease in Suva with
sufficient specificity (i.e. avoiding false positives).,/A proposed
mechanism for such an EWS is outlined in Figure’8.
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Figure 8. Hypothetical climate-based early warning system for Fiji
NB. Abbreviations in Figure 8 -” FMS: Fiji Meteorology Service; MoH: Ministry of Health; PSH: Permanent Secretary for Health;
DSPH: Deputy Secretary for Public Health; NAEH: National Advisor for Environmental Health; NACD: National Advisor for Com-
municable Diseases; WHO: World Health Organization; FRC: Fiji Red Cross; UNICEF: United Nations ChildrensFund; EWS: Early

warning system.

If the meteorological identification and forecasting components
may be assumed to be sufficiently accurate and timely, the next
questions are whether or not the forecast can be communicated
effectively to the target community, and whether or not effective
responses are feasible. Caution must thus be advised when con-
sidering such EWSs as health sector-led strategies in developing
country settings such as Fiji where, typically, the health system
is already at or approaching maximum capacity. Following the
flooding disasters in Fiji in early 2012, public and environmental
health staff in one of the most affected subdivisions commented
that an EWS would be of little or no practical value if adequate/
increased resourcing was not also provided to enable the inter-
vention.

It must also be recognised that EWSs based on the models
above must take into account the potential sources of error and
bias of this study. This include, but are not limited to, systematic
errors in data collection, reporting and analysis; intrinsic differ-
ences in data validity and/or public health practice between the
two study sites; and the inability of the models above to incorpo-
rate non-climate factors contributing to disease activity. Future
lines of inquiry relevant to this work could, inter alia, include
finer spatiotemporal analysis and ecological testing of microbial
contamination of water supplies, and the socio-environmental
contributors to this process.

At the most basic level, an operationally effective EWS might
be achieved by the improved communication of existing weather
or climate forecasts to a community that is already willing and
able to take appropriate action.
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In the case of diarrhoeal disease, such actions may range from
temporary relocation to avoid a storm surge, to intensive health
promotion campaigns (e.g. targeting household water, sanitation
and hygiene measures to reduce the risk of diarrhoea), in addi-
tion to alerting health professionals of the likelihood of increased
presentations during periods of increased risk.

The evaluation of such systems is, of course, critical to their
viability and effectiveness. Along with cost-benefit analyses, a
fundamental process is that of information feedback. An “itera-
tive management” approach, which uses monitoring and evalu-
ation to incorporate information feedback to improve the effi-
ciency and effectiveness of such initiatives as an EWS, would be
necessary to enhance, over time, the accuracy — in terms of both
sensitivity and specificity - of the mechanism (Ebi, 2014). There
is also an emerging body of work related to the statistical evalua-
tion of EWS models (Chaves & Pascual, 2007). ,

With respect to the generalizability of climate;based EWSs
as potential climate change and health adaptatioff measures for
other climate-sensitive diseases in Fiji, and confparable risks in
other Pacific island countries, it is suggested ghat EWS develop-
ment should be attempted initially for the nfost important health
risks. Weighing up the relative importasice of different climate
risks to health is a difficult task. Thisis the case even under a
steady-state assumption, but even afore so if the past is seen to be
an unreliable guide to the futuref'given climate change trends. It
is beyond the scope of the pgesent guide to provide detailed ad-
vice on this aspect, howey€r, such guidance is available elsewhere
(Lindgren et al., 20
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In many cases, the groundwork will have been done as part of
a vulnerability and adaptation assessment, in which case these
established priorities should be the starting point for EWS devel-
opment, as was the case for this project in Fiji.

It is not possible to be definitive in a general sense about the
appropriate priority for EWS in the wider context of policy re-
sponses to climate change, since such decisions will depend upon
local circumstances, and the priority climate-sensitive health
risks. Thus a “horses for courses” approach is recommended for
climate and health modelling, such as that required for EWS
mechanisms (Ebi & Rocklov, 2014).

It is also clear that EWSs should not be seen as a stand-alone
response to climate-health risks, but as part of a comprehensive
policy response, which combines adaptation measures with, inter
alia, mitigation, promotion of health co-benefits and improve-
ments in health systems efficiency and resilience. Integration of
EWSs into other, broader primary health care and public health
surveillance and response systems will be vital to optimise their
effectiveness (Grasso et al., 2012). In Fiji, such integration may
be possible in the context of disaster preparedness and response;
infectious disease surveillance; food and water safety testing; and
the emergency capacity-building activities of bodies such as the
Pacific Humanitarian Team. Other opportunities for integration
include the potential to use existing meteorological forecast sys-
tems, such as the seasonal forecasts provided by the FMS for the
agriculture sector, in application to specific disease models (e.g.
providing a three month ‘diarrhoea risk outlook’ for the wet sea-
son in Fiji).

It is pertinent to note that, in Pacific SIDS, including Fiji, there
are many challenges involved in devising and implementing such
EWSs as adaptation strategies. These cEallenges include, but are
not limited to, the incompleteness and variable accuracy of both
climate and disease datasets; the geographic remoteness of many
islands and/or communities; and the lack of physical, human and
financial resources for additional health sector activities.

Nevertheless, Fiji and other Pacific island countries also have
some inherent advantages which could, theoretically, enable such
systems. Such advantages relate primarily to social networks
within small populations, whereby information can be relatively
easily transmitted between actors and agencies, given the often
close ties between individuals and communities. This combina-
tion of “bonding” and “bridging” types of social capital which
have emerged from the nascent literature on climate change and
health governance (Bowen et al., 2014; Bowen et al., 2013) may
prove to be particularly relevant in the Pacific.

Such social capital could also be considered to extend across the
Pacific region, giving rise to the possibility of a regional network
integrating meteorological and environmental determinants of
infectious disease risk, along with demographic, socioeconomic
and spatial factors, to provide a more comprehensive understand-
ing of the epidemiology of health risks in the region. A poten-
tially very useful example of such multi-disciplinary, trans-border
collaboration along these lines is the European Environment and
Epidemiology Network*

Conclusion

EWSs such as that proposed for diarrhoeal disease in these pilot
sites in Fiji appear to be a promising adjunct to contemporary
public health practice, and a potentially useful innovation in the
context of climate change and health adaptation. The analysis
described in this paper suggests that an index of diarrhoea risk
could be used to determine appropriate thresholds to trigger pro-
active public health actions aimed at reducing the impact of diar-
rhoeal disease in Fiji.

* (https:/le3geoportal.ecde.europa.eu/SitePages/ General %20 Descrip-
tion.aspx).
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While recognising that these are potentially powerful tools to
reduce the current and future burden of disease due to climate
variability and change, EWSs must nevertheless be employed
sparingly and accurately. 70 paraphrase eighteenth century French
philosopher Montesquien: “Useless warnings weaken necessary warn-
ings”.

Finally, it must be remembered that, in the long term, the most
cost-effective response to climate change, including in relation to
its detrimental effects on human health, is likely to be mitigation
— reducing global greenhouse gas emissions to protect the %ealth
of our population and planet.
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Prelude

In this chapter, a case study of the Pacific region’s three independent, exclusively-atoll
countries is described, whereby extreme climate change vulnerability — particularly in the
form of sea-level rise — is combining with accelerating rates of non-communicable diseases
and population growth, to create an unprecedented cocktail of communicable disease
transmission risk factors. The paper explores this convergence of risk with reference to
tuberculosis (TB), and argues that, in this context at least, this important disease of profound

global concern should be added to the list of those considered “climate-sensitive”.

The three countries in question — Kiribati, Marshall Islands and Tuvalu — have the highest
rates of TB in the Pacific, and among the highest in the world. These three low-lying atoll
nations also have alarmingly high rates of non-communicable diseases such as diabetes and
health risk behaviors such as smoking, which are additional drivers of TB transmission risk.
When added to the population pressures within these land- and resource-poor atolls, where
high fertility rates and severe overcrowding are being exacerbated by sea-level rise and
storm surges, leading to forced relocation, it is argued in this chapter that these factors

constitute a “triple whammy” of TB transmission risk in some Pacific atoll communities.

The candidate’s estimated proportional contributions to this paper were as follows:

Research design: 80%
Analysis and interpretation: 70%
Authorship of paper: 60%

This paper is reproduced with the permission of the Australasian College of Tropical

Medicine, the publishers of the Annals of the Australasian College of Tropical Medicine.

Reference: Mclver L, Viney K, Harley D, Hanna L & Kienene T. Climate change,
overcrowding and non-communicable diseases: the ‘triple whammy’ of tuberculosis
transmission risk in Pacific atoll countries. Annals of the ACTM 2015; 6(3): 57-61.
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CLIMATE CHANGE, OVERCROWDING AND NON-
COMMUNICABLE DISEASES: THE ‘TRIPLE WHAMMY’ OF
TUBERCULOSIS TRANSMISSION RISK IN PACIFIC ATOLL

COUNTRIES

Lachlan Mclver,"? Kerri Viney,? David Harley,?Liz Hanna,? Takeieta Kienene?®

1. College of Public Health, Medical and Veterinary Sciences, James Cook University, Townsville, Queensland, Australia

2. National Centre for Epidemiology and Population Health, Research School of Population Health, Australian National University, Canberra, ACT, Australia
3. Kiribati National Tuberculosis Programme, Ministry of Health and Medical Services, Government of Kiribati, Tarawa, Kiribati

Introduction

The small island developing states (SIDS) of the Pacific region are among
the most vulnerable in the world to the impacts of climate change, including
the likely detrimental effects on human health."* The pathways by which
climate change threatens population health may be considered in terms of
direct (or primary), indirect (or secondary) and disseminated, diffuse or
tertiary effects.>” The priority ‘climate-sensitive’ health risks identified by
Pacific island countries (PICs) in the vulnerability and adaptation assessment
process led by the World Health Organization (WHO) between 2010 and
2013 include such direct effects (e.g. health impacts of extreme weather
events and heat-related illnesses); indirect effects (including compromised
water and food security and safety, and increasing burden of water- and
food-borne diseases; increasing incidence of vector-borne diseases,
zoonoses and respiratory illnesses; and disorders of the eyes, ears, skin
and other body systems); and diffuse effects (disorders of mental/psycho-
social health; increasing burden of non-communicable diseases; health
system problems and population pressures).®® Climate-sensitive health
risks for PICs correspond largely with risks reported for other geographical
areas.'™"® In the Pacific, however, there exists a contemporary confluence of
demographic, socio-economic and environmental risk factors that highlights
some specific diseases hitherto overlooked in the climate change and
health literature. One of these diseases is tuberculosis (TB) — a scourge
since ancient times, still present in many developing countries, including the
extremely climate-sensitive Pacific atoll nations of Kiribati, Marshall Islands
and Tuvalu, where the prevalence of TB is among the highest in the world.™

TB is a mycobacterial infection spread by respiratory droplets. Recent
progress in case detection, diagnostics, treatment and follow-up care
notwithstanding, TB is still responsible for approximately 8.6 million new
infections and 1.3 million deaths annually worldwide.™'® TB transmission
risk is linked to conditions favouring exposure to infected individuals (e.g.
poverty, overcrowding)'”'® and impairment of the immune response of
exposed individuals (e.g. HIV infection, alcohol abuse, malnutrition and
immunosuppressive drugs).” Diabetes mellitus also compromises immune
function, and is thus associated with increased TB infection and mortality.202!
Smoking and indoor air pollution are significant additional TB risk factors.??
Risk factors for TB have been studied in depth in the relevant literature.
One of the more holistic models of transmission considers population-
wide determinants such as globalisation, urbanisation, poverty, and weak
social, economic and environmental policies; and ‘proximate’ risk factors
that affect individuals, such as malnutrition, HIV infection, lung diseases,
diabetes mellitus and smoking.'®® The roles of the physical environment
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and meteorological factors, and the potential impact of climate change on
TB transmission have been surprisingly absent from much of this literature.
Despite Hippocrates of Cos — often referred to as the ‘Father of Medicine’ —
having noted the relationship between variations in climate and patterns of
disease, including ‘phthisis’ (TB) over two millennia ago,* and century-old
reports discussing the impact of different types of climate on recovery of
patients with TB,%-?" specific consideration of the seasonality and climate-
sensitivity of TB seems only to have returned to serious consideration
relatively recently.®3" Given this correlation between climatic factors
and TB activity, it seems reasonable to assume that globalization and the
manifestations of climate change, in particular the prospect of more frequent
and/or severe environmental disasters, may increase TB transmission risk,
primarily by increasing the exposure of infectious individuals to others,% or
via interplay with established risk factors such as HIV.3

This paper explores some important environmental and social determinants
of TB transmission risk, that are considered in relation to the case study
of three low-lying atoll countries in the Pacific region: Kiribati, Marshall
Islands and Tuvalu. In doing so, well-understood TB risk factors such as
overcrowding and smoking are placed in the context of 21st century health
and development challenges facing Pacific communities, most particularly
the effects of climate change and the ‘epidemic’ of non-communicable
diseases (NCDs).> We postulate that a convergence of established and
novel risk factors is occurring that may increase TB transmission risk for
these island nations, if appropriate adaptation and mitigation strategies and
socio-economic policies for poverty reduction are not implemented promptly
and effectively.

Methods

We performed a retrospective descriptive analysis of secondary data from
the three study countries related to TB infection rates, the prevalence of
diabetes and other NCD risk factors, and population, demographic and geo-
political information relevant to climate change. The primary sources of this
information were census and survey data from each country, as well as the
Demographic and Health Surveys conducted by the Secretariat for the Pacific
Community (SPC, the regional technical agency based in New Caledonia)
and the WHO STEPwise Surveillance of NCD Risk Factors (STEPS) surveys.
In addition, the available literature on the epidemiology and social and
environmental determinants of TB was reviewed, to assess the possible
impact of converging risk factor pathways on TB transmission risk in the
three study countries. Finally, a conceptual model was developed, drawing
upon aspects of earlier models,'® to explain this unique convergence of TB

risk factors occurring in the Pacific atoll context.
ANNALS OF THE ACTM



Results

The table presents the descriptive analysis of the key risk factors related to TB and climate change impacts in the three Pacific atoll study countries.

Indicator
Burden of TB

TB Prevalence (/100 000)
Incidence (/100 000)

Case notifications (/100 000)
Mortality (/100 000)

Population size

Population (2011 estimates unless
otherwise stated)

Proportion living in urban settings

Upstream determinants

Population density
(persons/square kilometre)

Projected population density (national
average persons/square kilometre, by
2030)

Annual net population growth rate

Gross Domestic Product per capita
in USD

Basic needs poverty rate*

Youth literacy (%)

Proximate risk factors

Diabetes mellitus in adults aged 20-79
Prevalence (year)

TB-diabetes co-incidence
(Specific location, where specified)

Prevalence of overweight and obesity in
adults (aged 15-64 years)

Smoking rates
(Proportion adults who are daily
smokers, aged 15 years and above)

Prevalence of HIV infection
Incident HIV diagnoses (2011)

Total fertility rate (births/woman)

Crude birth rate (/1000 population)

Household composition (i.e. level of
overcrowding)
Average number of people/household

Proportion of households with >9
people

Use of solid fuel for cooking (at
household level)

Use of stove/fire with no chimney/hood
(as proportion of all households using
solid fuel)

Environmental
Maximum elevation (in metres)

1. http://www.spc.int/sdd/
2. http://www.spc.int/nmdi/

Kiribati

628 (10th highest in world)

429

343 (1stin Pacific)
17

103,758 (2010)

49%

127 (national) (80th in
world)
3184 (South Tarawa in
2010)

170

1.8%

2,907

21.8

98.5%

28.77% (2013)

37%

Males: 41.7%
Females: 58.9%

54.8%
(males 71.5%, females
39.2%)

0.018
2

Urban 3.5
Rural 4.1
Urban 30.7
Rural 28.8

Urban 7.3
Rural 5.3
Urban 30%
Rural 11%

68.8%

98.2%

81 (Banaba) (231stin

world); majority of inhabited

atolls <3

Tuvalu

377 (31st highest in world)

241

193 (4th in Pacific)
37

11,206

47%

431 (national)(30th in world)

1900 (Funafuti in 2002)

480

0.5%

7,103

26.3

98.6%

14.53% (2013)

9.5%

Males: 76.3%
Females: 87.9%
(“overweight or obese”)

37.9%
(males 54.6%, females
22.7%)

0.052
0

Urban 4.2
Rural 3.7
22.9

Urban (Funafuti) 6.2
Rural (outer islands) 5.8
Funafuti: 31%

Outer islands 6%

21.0%

77.9%

5
(243rd in world)

Marshall Islands

1080 (2nd highest in world)

572

276 (3rd in Pacific)
111

54,999

65%

304 (national)(44th in world)

2619 (Majuro in 2008)

~ 41,700 (Ebeye in 2011)

345

0.7%

3,327

52.7

98%

34.89% (2013)

45% (Ebeye)

Males: 37.9%
Females: 52.2%

19.8%
(males 34.7%, females
4.2%)

0.030
1

Urban 4.1
Rural 5.2
311

Urban 7.6
Rural 6.6
Urban >30%
Rural ~25%

36.3%

93.7%

10
(242nd in world)

*The proportion of the population living in poverty (as defined by the Millennium Development Goals (http://www.un.org/millenniumgoals/poverty.shtml)
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Data source

2012 TB data taken from the WHO Global
Tuberculosis Report 2013 (WHO, 2013a)

Kiribati: Kiribati Census of Population and
Housing (Government of Kiribati, 2011)
Marshall Islands, Tuvalu: SPC-Statistics for
Development Division 20111

Kiribati: Current pop. density: Kiribati census
2005. Projected pop. density SPC-Statistics for
Development Division 20111

Tuvalu: SPC-Statistics for Development Division
20111

Marshall Islands: SPC-Statistics for Development
Division 20111

SPC- Statistics for Development Division1

SPC- National Minimum Development
Indicators2

SPC- National Minimum Development
Indicators2

SPC- National Minimum Development
Indicators2

International Diabetes Federation Diabetes Atlas,
Sixth Edition (IDF, 2013)

Kiribati: CDC-SPC-MHMS study (Viney et al,
unpublished data)

Tuvalu: Personal communication- Ms Temilo
Seono (National TB Programme Co-ordinator)
Marshall Islands: Nasa et al, 2014

Kiribati and Marshall Islands: PICT NCD Risk
Factor STEPS reports, 2005-2010
Tuvalu: Tuvalu DHS 2007

Kiribati: WHO 2011 (from Kiribati STEPS, 2006)
Tuvalu: WHO 2011 (from Tuvalu census 2002)

Marshall Islands: WHO 2011 (from RMI STEPS
2002)

SPC HIV epidemiological update 2012

Kiribati: SPC Kiribati DHS 2009

Tuvalu: TFR from Tuvalu DHS 2007, CBR from
Tuvalu census 2002

Marshall Islands: TFR from RMI DHS 2007, CBR
from SPC-Statistics for Development Division
2011 (last census 1999)

Kiribati: SPC Kiribati DHS 2009

Tuvalu: Tuvalu DHS 2007
Marshall Islands: RMI DHS 2007

Kiribati: Kiribati DHS 2009
Tuvalu: Tuvalu DHS 2007
Marshall Islands: RMI DHS 2007

www.wikipedia.com
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As can be seen from the table, Kiribati, Marshall Islands and Tuvalu are
relatively poor, extremely low-lying, urbanized and population-dense
countries, meaning that the manifestations of climate change, particularly
sea-level rise, are having — and will continue to have — profound effects on
their respective societies and economies. These three countries have among
the highest prevalence rates of TB and diabetes mellitus in the world. Between
15 and 35% of the adult population in these countries have diabetes, and up
to 45% of TB patients have concomitant diabetes, which is of great concern
in these countries experiencing the ‘“triple burden’ of NCDs, communicable

EXACERBATING FACTORS

Climate change
e sea-level rise
e extreme weather events

e compromised food
security .
e health impacts pES
(including possible
increased NCDs)

atoll countries

Socio-economic
e poverty
e overcrowding

Proximal/individual

e smoking

e (iabetes mellitus
e malnutrition

TB transmission risk in Pacific

diseases and climate change.®*3” A number of other social and environmental
risk factors for TB are summarised in the table. The very high population
densities of each country’s capital atoll (South Tarawa in Kiribati, Majuro
in the Marshall Islands and Funafuti in Tuvalu) and the extreme levels of
overcrowding on Ebeye island in the Marshall Islands warrant special
attention. An examination of these multiple, convergent risk factors in the
three study countries suggests that there are plausible pathways by which
climate change may interact with other, established TB risk factors and
consequently act as an indirect driver of TB transmission risk (Figure 1).

MITIGATING FACTORS

Climate change action
e decreasing global greenhouse gas

emissions
e adaptation measures
,{ * co-benefits
L4
0”

2

Policy & legislative measures

* development/poverty reduction strategies
€=-a) ,

housing support
o family planning/population programs

Health systems interventions

e improvements in TB prevention, case
detection, diagnostic capacity, treatment,
compliance & follow-up

e scaled-up NCD and reproductive health
programs

e increased health access

e nutrition & smoking cessation programs

e ?other

Figure 1. Schematic representation of risk factors for tuberculosis transmission in Pacific atoll countries and opportunities for intervention (NB. solid lines
indicate where current research supports links; dashed lines indicate new/hypothetical links)

Discussion

Pacific island atoll countries such as Kiribati, Marshall Islands and Tuvalu
have very high burdens of both TB itself, and some of the critical risk factors
—such as overcrowding and NCDs — that contribute to TB transmission. TB
rates have remained high in all three countries over time, despite increased
investment in disease prevention and control, improved management, active
TB case-finding strategies and highly sensitive and specific diagnostic
tools.® All three countries of these countries are also extremely vulnerable
to the biopsychosocial effects of climate change. These effects potentially
amplify the role of TB determinants and risk factors through environmental,
economic and social pathways (Figure 1). Thus, Kiribati, Marshall Islands
and Tuvalu are likely unique in the Pacific - and possibly global - context, in
sharing environmental and social characteristics that potentially increase the
risk of TB, not to mention other infectious diseases, due to climate change-
related phenomena such as sea-level rise. A few of the most important of
these converging TB risk factors will be discussed in more detail below in
relation to the three study countries.
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Poverty

Poverty increases the risk of TB infection and worsens an individual’s
prognosis.®*4 Evidence for this is suggested in the Pacific, where high rates
of TB are observed in atoll countries with lower per capita income levels
(Table). Conversely, the largest reductions in the burdens of TB over recent
decades have been achieved in two PICs (Commonwealth of the Northern
Mariana Islands and New Caledonia) which are both classified as high-
income countries and whose level of economic development has ensured a
better standard of living - including access to health care - across all income
groups.

Overcrowding

Another significant concern in relation to TB risk is overcrowding. Urbanised
areas in the capital atolls of each country (respectively, South Tarawa,
Majuro and Funafuti) are becoming increasingly crowded. This has been
identified as a significant risk factor for TB transmission, both in terms of
overall population density*" and household-level overcrowding,? whereby
the number of persons per room is strongly associated with TB transmission

risk.4
ANNALS OF THE ACTM ﬂ



Population growth

High fertility rates compound the problem of population density and
household-level overcrowding in all three countries.*“ To ensure sustainable
development in Kiribati, Marshall Islands and Tuvalu, population growth must
slow. This is especially important in the context of rural-urban migration and
climate change, which increase both demand for and availability of land.*® In
parallel, measures targeting women’s education and family planning must be
implemented in parallel with economic development, and improved housing
and infrastructure. All of these may be considered to be intrinsic — or at
least related — to climate change adaptation. There has been significant
attention, and some action to date, on adaptation in the Pacific, and in Kiribati
in particular. One such adaptation measure, which is relatively extreme but
deemed necessary by the leadership within the government of Kiribati, is
the re-location of i-Kiribati citizens to neighbouring islands or countries, as
one measure to reduce population density in South Tarawa (Anote Tong,
President of Kiribati, personal communication, 2013).

Smoking and diabetes

Smoking and diabetes are important proximate risk factors for TB in the
Pacific context; smoking is also a well-known risk factor for a range of other
NCDs including heart disease and certain cancers.*’* Smoking and diabetes
increase the risk of TB synergistically?®? and approximately 29% of all TB
in 22 high-burden endemic countries is attributable to these two proximate
risk factors.”® Seven of the ten highest diabetes-prevalence countries
globally are in the Pacific, with Marshall Islands and Kiribati respectively
the third and fourth highest.*® Both countries are implementing TB-diabetes
collaborative control activities in response to the identified link between the
two diseases, with patients with diabetes recognised as having a threefold
risk of developing TB.20%°5" Case-control studies conducted in Kiribati show
that TB patients appear three times more likely to have diabetes than people
without TB (Viney ef al, unpublished data, 2014) and in the Marshall Islands
approximately 45% of TB patients had concomitant diabetes (Nasa et al,
2014). Global efforts to detect, diagnose and control diabetes are therefore
likely to have a positive impact on TB control.52% All three study countries
also have high rates of daily cigarette smoking — see table. Thus, localised
strategies to prevent and reduce the burden of diabetes and smoking appear
likely to reduce the burden of TB in the Pacific.

Climate change

These three low-lying atoll countries are among the most vulnerable in the
world to the impacts of, inter alia, sea-level rise (bringing with it the prospect
of forced relocation) and the potential for compromised water and food
security. Food security - which exists ‘when all people at all times have
access to sufficient, safe, nutritious food to maintain a healthy and active
life’- is a complex development issue which has already had a profound
negative impact on the health of Pacific island populations.> Compromised
food security can result in over-nutrition, with resultant increase in individual
and population level overweight and obesity, and subsequent development
of type 2 diabetes.® The fragility of food security is compounded in atolls
due to the lack of arable land for agriculture and the related scarcity of fresh
water. Water, sanitation and hygiene (WASH) problems already place
a heavy burden on /-Kiribati communities, as the absence of groundwater
sources enforces a reliance on rainwater harvesting and wells to aquifers,
which frequently become contaminated with pathogens causing diarrhoea.’”
This, along with the lack of improved sanitation facilities in most households
and the common practice of open defecation (including in the lagoon side
of the atolls), particularly in children, contributes to high rates of diarrhoeal
disease, which then feeds into a vicious cycle of malnutrition, immune
suppression and increased transmission of infections.®® There is little
research on the association of TB and climate change, and TB has been
hitherto all but absent from the various published lists of diseases thought
likely to be susceptible to climate change. We argue that traditional schemas
for upstream determinants and risk factors for TB should incorporate the
wider effects of climate change and consideration of the ecology of fragile
island environments. These islands have a unique suite of vulnerabilities
which impacts on the health of their populations, but may also provide
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opportunities for intervention. The latter mainly relate to interventions to
reduce poverty, smoking and NCD rates, as well as reducing greenhouse
gas emissions and enabling the so-called ‘co-benefits’ of climate change
mitigation, which have positive effects on individual and population health.

Other opportunities for health protection include mainstreaming climate
change adaptation and mitigation measures with health systems
strengthening. Guidelines exist on building climate-resilient health systems,
which incorporates the full spectrum of health sector activities, from
research, governance, financing, emergency preparedness and capacity-
building to provision of essential services, technology and infrastructure.*
Poorly-resourced health systems such as those in Kiribati, Marshall Islands
and Tuvalu are at close to maximal capacity at present, yet still struggle to
achieve adequate health access and outcomes. These difficulties are very
likely to be exacerbated by climate change, as with other major development
challenges, thus any support to the health sector in these and other countries
facing similar challenges may be considered not just relevant, but vital to
climate change adaptation.

Conclusion

In the Pacific atoll countries of Kiribati, Marshall Islands and Tuvalu there is
a unique convergence of risk factors for TB that is coupled with the already
devastating effects of climate change in these highly vulnerable communities.
Therefore, we argue that, in the Pacific atoll context at least, TB must be
considered a climate-sensitive disease. Efforts towards addressing the
causes and effects of climate change in these small, poor, overcrowded,
low-lying atoll countries must take into account the broad range of health
impacts that climate change entails, and the health sector should provide
leadership in addressing these impacts via a ‘Health in all policies’ approach
to adaptation and mitigation. In addition, efforts towards improved TB
control should incorporate wider contextual issues such as social, economic
and environmental factors driving disease transmission, and consider the
unprecedented pressures that climate change places on TB and other,
hitherto overlooked, climate-sensitive diseases. Policies and interventions
to improve the socioeconomic status of communities (including poverty
reduction strategies and provision of adequate housing); increasing access
to, and quality of, health services (particularly those related to TB, NCDs
and reproductive health); and addressing the drivers and impacts of climate
change, will benefit population health, and have the potential to reduce TB
transmission risk in the face of climate change in Pacific atolls and other
vulnerable communities elsewhere in the developing world.
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Prelude

This chapter — the last of the publications in the thesis proper — considers the health systems
governance factors affecting climate change adaptation to protect health in the Pacific

islands.

The paper draws on governance theory, particularly the emerging literature on climate
change and health governance, in examining the vulnerability assessment and adaptation
planning process as it took place in the three northern Micronesian nations of FSM, Marshall
Islands and Palau. The critical issues of agency and authority are explored, and some
modest potential advantages of adaptation in the setting of small Pacific island countries are

considered.

The discussion is embedded in the “Healthy Islands” vision — the overarching framework for
health systems development in the region. In this paper, a Pacific-specific paradigm for
health adaptation is presented which builds on the original Healthy Islands framework, some

twenty years after its initial formulation.

The candidate’s estimated proportional contributions to this paper were as follows:

Research design: 80%
Analysis and interpretation: 70%
Authorship of paper: 70%

This paper is reproduced with the permission of Oxford University Press, the publishers of

Health Promotion International.

Reference: Mclver L, Bowen K, Hanna E & Iddings |. A ‘Healthy Islands’ framework for
climate change in the Pacific. Health Promotion International 2015, 1-9 (doi:
10.1093/heapro/dav094).
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Summary

Small Pacific Island countries (PICs) are among the most vulnerable countries in the world to the antici-
pated detrimental health effects of climate change. The assessment of health vulnerabilities and plan-
ning adaptation strategies to minimize the impacts of climate change on health tests traditional health
governance structures and depends on strong linkages and partnerships between actors involved in
these vital processes. This article reviews the actors, processes and contexts of the climate change
and health vulnerability assessment and adaptation planning project carried out by the World Health
Organization and health sector partners in three island countries in the Micronesian region of the Pacific
throughout 2010 and 2011: Federated States of Micronesia, Marshall Islands and Palau. Despite their
shared history and cultural characteristics, the findings and implications of this article are considered
to have substantial relevance and potential application to other PICs. The modified ‘Healthy Islands’
framework for climate change and health adaptation presented in this article draws upon real-world
experience and governance theory from both the health and climate change literature and, for the
first time, places health systems adaptation within the vision for ‘Healthy Islands’ in the Pacific region.

Key words: climate change, environment and public health, policy and implementation

INTRODUCTION posed by climate change are manifold and occur via com-
Anthropogenic climate change is a product of industrial-  plex pathways (McMichael, 2014).

ization, economic development, population pressure and These health effects are measurable, at least in part.
globalization that poses myriad risks to society, including ~ The annual global mortality attributable to a small num-
detrimental impacts on human health. The health risks  ber of specific climate change-related burdens of disease in

© The Author 2015. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com

GTOZ ‘2T $8go100 U0 A1ISBAIUN 400D Sawer 1e /B10'sjeunolpiojxo-odesy//:dny Wwouy papeo|umoq


http://www.oxfordjournals.org
http://heapro.oxfordjournals.org/

L. Mclver et al.

the few decades prior to the year 2000 was estimated by
the World Health Organization (WHO) to be in the
order of 150 000 deaths per year (WHO, 2003). Recent
WHO modelling suggests that, by the year 2030, the an-
nual mortality due to climate change impacts on diarrhoe-
al disease, malaria, malnutrition and heat-related illness
will have risen to ~250 000 per year (WHO, 2014a).

The evidence strongly suggests that the burden of dis-
ease due to climate change will also be unevenly and in-
equitably distributed, with a disproportionate burden
falling on women and children; people living in poverty;
those with pre-existing illnesses and communities in devel-
oping countries (WHO, 2003; Patz et al., 2007; Friel et al.,
2008). PICs, in particular, may be considered the ‘canaries
in the coalmine’ of climate change, due to their heightened
vulnerability, which results from a combination of geo-
graphic, demographic and socio-economic factors (Hanna
and Mclver, 2015). Despite their negligible contributions
towards global greenhouse gas emissions, PICs suffer the
indignity of being among those countries first and hardest
hit by the effects, including health impacts, of climate
change: “. . . the unwanted gift from the developed world’
(Palau Ministry of Health and WHO, 2012).

Responding to the health impacts of climate change tests
traditional governance structures, including (but not lim-
ited to): the trans-border, cross-cutting nature of the health
risks involved,; the relative paucity of formal engagement by
the health sector in the initial stages of international and na-
tional climate change and health vulnerability assessment
and adaptation planning work and the requirement to in-
volve multiple sectors in implementing measures to protect
health from climate change. Climate change thus resembles
other aspects of globalization, such as increased travel and
trade, in that it challenges existing health-protective systems
and presses the need for a change in the fundamental nature
of governance (Dodgson et al., 2002).

This article explores a number of critical issues related to
climate change and health governance. Analysed from the
perspective of the health vulnerability assessment and adap-
tation planning project undertaken by WHO and health
sector partners, we examine three small island developing
states (SIDS) (SIDS were recognized as a distinct group
of developing countries facing specific social, economic
and environmental vulnerabilities at the United Nations
Conference on Environment and Development (otherwise
known as the Earth Summit) in Rio de Janeiro, Brazil, in
1992.) in the northern Micronesian region of the Pacific:
the Federated States of Micronesia (FSM), Marshall
Islands and Palau, as case studies for the wider community
of PICs.

In doing so, a context-specific framework for climate
change and health governance is posited, which places

climate change within the existing health systems develop-
ment vision for ‘Healthy Islands’ in the Pacific region, first
articulated by the Ministers of Health of the Pacific Islands
in their 1995 meeting at Yanuca Island, Fiji, and sub-
sequently hailed in this journal almost two decades
ago as a ‘truly ecological model of health promotion’
(Nutbeam, 1996).

BACKGROUND

Marshall Islands, FSM and Palau are neighbouring Pacific
SIDS stretching from east to west, just north of the equator.
They are small countries in terms of population (2012 World
Bank estimates place the population of FSM at 103 395,
Marshall Islands at 52 555 and Palau at 20 754.) but, due
to their limited land area, have some areas of relatively
high population density. Such demographic and geographic
factors (including the very low elevation of many of the re-
gion’s islands and atolls) contribute to making these among
the countries most vulnerable to the physical effects of cli-
mate change which, in the Pacific region, are anticipated to
include increasing air and sea-surface temperatures; altered
rainfall patterns; increasing severity of extreme weather
events such as tropical storms; ocean acidification and, of
particular concern, rising sea levels (PCCSP, 2011).

In recognition of the health risks posed by climate
change, WHO and member states in the Asia-Pacific region
compiled a Regional Framework for Action to Protect
Human Health from Effects of Climate Change in the
South East Asia and Pacific Region in 2007 (WHO, 2007).

The health ministers in the Pacific region, at their bien-
nial meeting in Papua New Guinea in 2009, responded with
the Madang Commitment. This sought to operationalize
the previous recommendations by laying out a series of
strategies related to planning, coordination, implementa-
tion and health systems strengthening in the context of cli-
mate change and health adaptation in the Pacific (WHO
and Secretariat for the Pacific Community, 2009). These
strategies were loosely linked to the ‘Healthy Islands’ frame-
work (Figure 1) (Galea et al., 2000). This model was devel-
oped in the mid-late 1990s and encompasses, in the Pacific
island context, the actors, context and processes involved in
health systems development (Walt and Gilson, 1994).

The aforementioned policies may have been the first by
the health sector to specifically address the health impacts
of climate change in the region, but it is important to note
that these issues had been considered in many PICs as part
of their earlier work on climate change vulnerability and
adaptation. As part of their initial and subsequent National
Communications to the United Nations Framework
Convention on Climate Change (UNFCCC) (submitted
in the mid- to late-2000s), and via the compilation of
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Fig. 1: The original vision for the Healthy Islands framework (reproduced with permission from Galea et al., 2000).

Table 1: Precedents for climate change and health considerations in FSM, Marshall Islands and Palau

FSM Marshall Islands

Palau

Nationwide Climate Change Policy
(2009)
Second National Communication to
the UNFCCC (2011 draft)
(draft 2011)
National Strategic Development Plan
2003-2023

National Climate Change Policy Framework (2011)

Joint National Action Plan for Climate Change
Adaptation and Disaster Risk Management

RMI Strategic Development Plan (‘Vision 2018)

Palau Master Plan (draft 2011)

Pacific Adaptation to Climate
Change project (2009-current)

National Climate Change
Adaptation Plan (draft 2011)

national vulnerability assessments and adaptation plans,
several countries in the region noted the potential for cli-
mate change to impact on health, even if the general level
of understanding of those effects and the substantive con-
tribution of the health sector were limited at that stage
(WHO, 2014b).

Part of the explanation for the health sector’s appar-
ently slow response to this issue was the assumption
that, with respect to mitigation in particular, but also to
a lesser extent to adaptation, the actions required would
lie largely outside the health domain (Lovell, 2011). As
awareness and understanding of the link between climate

change and health increased, however, the fallacy (at least
partial) of this assumption was realized.

This realization prompted an urgent review of the
health sector’s priories and responsibilities with respect
to adaptation in the Pacific. This WHO-supported pro-
cess, aimed to ‘put health at the heart of the climate change
agenda’ (WHO, 2009) and involved the establishment of
some novel linkages between the health and other sectors
in these countries.

Table 1 lists some of the key documents and processes
that incorporated considerations of the health impacts of
climate change in FSM, Marshall Islands and Palau prior
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to the WHO and health sector-led vulnerability and adap-
tation assessment processes of 2010-11.

In the following sections, the actors, processes and con-
texts of the health vulnerability assessment and adaptation
planning work in FSM, Marshall Islands and Palau are de-
scribed, along with a novel, Pacific-specific climate change
and health governance framework, based on the Healthy
Islands vision.

PROCESS AND FINDINGS

Throughout 2010 and 2011, the WHO Division of Pacific
Technical Support, with support from the WHO Western
Pacific Regional Office and funding from the governments
of the Republic of Korea and Japan, assisted the FSM
Division of Health and Social Affairs (DH&SA), Marshall
Islands Ministry of Health (MoH) and Palau MoH in a pro-
ject that had two aims: assessing each country’s vulnerability
to the health impacts of climate change and compiling
National Climate Change and Health Action Plans
(NCCHAPs).

The process of performing each country’s vulnerability
assessment, and planning adaptation strategies to manage
these threats to health, followed WHO guidelines (Kovats
et al., 2003) and incorporated both qualitative and quan-
titative elements. These elements included stakeholder
consultations, community surveys, expert consensus and
analysis of the available climate and health data.

In-depth discussion of the results of these assessments
and plans for adaptation is outside the purview of this
article, which focuses on the governance issues related
to the vulnerability assessment and adaptation planning
process. (Further details regarding the climate change
and health vulnerabilities and adaptation plans for
these and other countries in the Pacific region may be
found in a forthcoming WHO report entitled Human
Health and Climate Change in Pacific Island Countries,
which will link to a supplementary volume containing all

of the respective NCCHAPs.) However, a summary of
the highest priority climate-sensitive health risks (as de-
termined by the mixed-methods approach described
above) in FSM, Marshall Islands and Palau are presented
in Table 2.

The main actors involved in climate change and health
adaptation planning as part of the WHO-supported pro-
ject in each of the three countries are listed in Table 3, with
a distinction made between those that coordinated activ-
ities and those that were otherwise involved in the process
(participants).

There are some important points to note from
Table 3. The first is that the table lists only participants
in the climate change and health adaptation planning
process; many more actors and agencies, particularly
community groups, non-government/civil society organi-
zations, educational facilities and others will likely (and
necessarily) be involved in implementation of these
activities in each country. There was a notable paucity
of participation by these latter groups in the planning
process; this was inevitably detrimental to the process
and was largely due to constraints faced by the coordin-
ating agencies, in particular the short timelines available
for consultation.

With respect to geographic representativeness, all four
states of FSM were involved in the consultation process,
and Palau’s highly centralized population was also sur-
veyed as part of the project. In Marshall Islands, however,
only representatives of organizations and communities on
the capital atoll of Majuro were included, meaning that
the outer island perspectives were lacking, as was that of
the densely populated atoll of Ebeye.

The second point to note from Table 3 is that, with a
few notable exceptions (such as, for example, partnerships
between the health sector and other agencies responsible
for water safety, supply and sanitation; food safety testing;
waste disposal and vector/pest control), prior to this cli-
mate change and health work, the health sector had little

Table 2: High priority climate-sensitive health risks in FSM, Marshall Islands and Palau

FSM Marshall Islands Palau

Vector-borne diseases (e.g. mosquito-borne
viruses such as dengue, Zika)

Water-borne diseases

Food safety, security and malnutrition

Zoonoses (e.g. leptospirosis)

Vector-borne diseases (dengue)
Water-borne diseases
Food-borne diseases
Malnutrition

Respiratory diseases

Vector-borne diseases (dengue)
Water-borne diseases
Food-borne diseases
Zoonoses (leptospirosis)
Respiratory diseases
Non-communicable diseases
Mental health disorders
Traumatic injuries and deaths
(from extreme weather events)
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Table 3: Actors involved in climate change and health adaptation planning activities in FSM, Marshall Islands and Palau

Actors FSM

Marshall Islands Palau

Coordination  Office for the Environment and
Emergency Management
Department of Health and Social
Affairs
WHO? WHO?
Participation ~ Environmental Protection Agency

Weather Service Office

Policy Coordination
Ministry of Health

Environmental Protection Agency

Ministry of Transport and

Office of Environmental Planning and  Pacific Adaptation to Climate Change

‘Core Group’
Ministry of Health

WHO?
Office for Environmental Response
and Coordination

Bureau of Agriculture

Communication

Department of Resources and
Development
Department of Agriculture

State Health and Environment
Services
Island Food Community®

Ministry of Resources and
Ministry of Internal Affairs
Weather Service Office

Chief Secretary’s Office

Bureau of Marine Resources

Development

Environmental Quality Protection
Board
Weather Service Office

Palau Automated Land and
Resources Information System

“WHO consultants from the University of Nagasaki (Japan), University of Tsukuba (Japan) and Seoul National University (Korea), as well as staff from the Division of

Pacific Technical Support participated in the climate change and health vulnerability and adaptation assessments in all three countries.

"Non-government organization.

reason to work this closely with many of the other actors,
despite the earlier mandates from WHO and other UN
agencies stretching as far back as the early 1990s (at the
time of the abovementioned Earth summit in Rio de
Janeiro). This phenomenon will be elaborated below.

DISCUSSION

The unprecedented nature and scale of the health risks
posed by climate change has necessitated a relatively rad-
ical transformation in the governance processes required
to effect the necessary protective measures. This process
necessitates embracing interdisciplinary collaborations.
The distinctive feature of the new relationships required
by climate change lies in the need for health sector actors
to reach beyond normal boundaries and engage—simul-
taneously—with disciplines as diverse as meteorology,
agriculture, water, transport and energy.

As argued by Walt and Gilson two decades ago, the ac-
tors, process and context of health sector reform—in devel-
oping countries such as those under study—are at least as
important as the content of the policies themselves (Walt
and Gilson, 1994).

The implications for this work on climate change and
health in Micronesia and the wider Pacific region are that,
while the NCCHAPs contain important and useful infor-
mation for health adaptation planning, they are only part
of a broader process that relies heavily on the engagement

and effective collaboration of appropriate agencies to fa-
cilitate adaptation. The NCCHAPs are, in effect, evidence-
based policy recommendations; their implementation
requires political will, resources and cooperation (McNeill
and Ottersen, 2015). In addition, there is the imperative
to support mitigation efforts (including within the health
sector), enabling of co-benefits (The Intergovernmental
Panel on Climate Change (IPCC) defines co-benefits as
‘. . . positive effects on human health that arise from inter-
ventions to reduce climate-altering pollutants’. Examples
of co-benefits include reducing air pollution and the use
of motorized transport.) and the protection of the health
of island communities in the face of climate change.

These interlinked concepts are depicted below, in the
form of a modified Healthy Islands framework for climate
change adaptation (Figure 2).

The framework in Figure 2 makes explicit the original
intent of the Pacific health ministers to embed climate
change and health adaptation within the Healthy Islands
vision (WHO & Secretariat for the Pacific Community,
2009) and builds on the theoretical foundation of earlier
work on climate change and health governance (Bowen
et al., 2013) in describing a contemporary, real-world ex-
ample of health systems adaptation to climate change in
the Pacific.

In brief, the proposed mechanism for this model of cli-
mate change and health policy implementation in the
Pacific is as follows: cross-sectoral collaboration from
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Fig. 2: Healthy Islands framework for climate change adaptation.

multiple actors (across government agencies, non-
government and civil society organizations, as well as re-
gional institutions, donors and technical agencies) inform
policies and enable appropriate and effective adaptation
and mitigation measures to be implemented. These then
contribute—in parallel with the processes of engaging the
community and regulatory bodies—to the building or
strengthening of ‘climate-resilient” health systems, which
protect population health and promote wellness in island
communities, in coordination with policies and actions in
other areas of society. The model has deliberately been
kept close to its initial form, to acknowledge the signifi-
cance of the original vision, and make clear the opportunity
to adapt the model to the climate change context.

It is intended that this model for climate change and
health governance and policy development for PICs com-
plement the national vulnerability assessments and adapta-
tion plans completed as part of the WHO regional project.
These will be summarized in the aforementioned WHO re-
port entitled ‘Human Health and Climate Change in Pacific
Island Countries’, to be published in late 2015.

It has been suggested that an ideal environment for
climate change and health governance may include four
key elements: social capital, non-state-based actors, infor-
mal networks and bridging organizations (Bowen et al.,
2013). Each of these elements was represented, to a greater
or lesser extent, in the health vulnerability assessment and
adaptation planning process in these three study countries.

Of particular interest, with respect to networks and so-
cial capital in this context, was the collaboration and level

of cooperation between the health and other sectors on
this climate change and health vulnerability and adapta-
tion assessment and planning process, which was report-
edly rare and, in some cases—such as the partnership
between the government departments of health and me-
teorology—without precedent.

This is despite earlier regional and global initiatives re-
quiring cross-sectoral-collaboration, such as disaster man-
agement, occupational health, tobacco control and the
compilation of National Environmental Health Action
Plans. While the reasons were not clear, the feedback from
these study countries affirmed the novelty of the collabor-
ation across agencies in this context. To quote an official
from the Marshall Islands Office of Environmental
Planning and Policy Coordination (OEPPC):

. . . this climate change and health project is the first time
we’ve sat and worked together with our colleagues from
the Ministry of Health. (Palau Ministry of Health &
WHO, 2012)

Within these rarely charted interdisciplinary waters,
there also arises the potential for confusion and overlap
with respect to authority—here understood to refer to legit-
imacy or the capacity to exercise power (Biermann et al.,
2009; 2010)—when the issue in question can reasonably
be seen perceived to fall within the remit of customarily sep-
arate or independent actors. Among UN agencies, for ex-
ample, both WHO and the United Nations Development
Programme (UNDP) are highly active in the field of climate
change and health adaptation in the Pacific region and
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elsewhere. Despite their different mandates—WHO’s role is
highly technical, while UNDP is an implementing agency—
it can be difficult for other organizations, communities and
individuals to see and understand the delineation of roles
and responsibilities. It is therefore necessary for those in-
volved in health adaptation to be wary of the pitfalls that
have been observed to result from proliferation of actors
in a relatively small but crowded arena such as health gov-
ernance. Such unintended negative consequences include
lack of accountability, fragmentation of services,
duplication of content and competition for resources—
financial, human and physical (Gostin and Mok, 2009;
Frenk and Moon, 2013).

As described above, health issues had previously been
considered in the early stages of adaptation planning
by the climate change coordinating agencies in FSM,
Marshall Islands and Palau, respectively, the Office of
Environment and Emergency Management, OEPPC, and
the Pacific Adaptation to Climate Change ‘Core Group’.
When the health sector in each country subsequently con-
ducted their own climate change and health vulnerability
assessments, under the guidance of WHO, this gave rise to
the critical question: on whose authority should the result-
ing adaptation plans be implemented?

In considering this phenomenon of possible confusion
and overlap with respect to authority, a distinction has
been proposed in the literature between formal and effect-
iwe mandates (Lee et al., 1996). (A formal mandate is an
agreed statement of an organization’s overall purpose or
raison d’etre, usually summarized in a constitution, char-
ter or articles of association/agreement. An effective man-
date refers to the actions or exercising of responsibilities of
an organization; this may be viewed as how the formal
mandates are interpreted and operationalized over time
(Lee et al., 1996).) This same distinction may be useful
in evaluating the recent history of climate change and
health adaptation activities in the three study countries.
There, the coordinating agencies were essentially exercis-
ing ‘effective’ authority by taking the initiative to address
the problem in the initial stages, while the health sector
(including WHO) took longer to respond and exercise
its “formal’ authority in conducting health sector-specific
vulnerability and adaptation assessments.

The multi-tiered structure of the climate change and
health vulnerability and adaptation assessment process,
with the division of initiative and responsibility between
WHO, the national health agencies and the non-health co-
ordinating agencies, was often opaque in these three study
countries, as in other PICs. This raised the prospect of a
diminution in the authority of the state actors if, as was en-
tirely possible, it had been perceived that WHO (or other
external actors) were setting the agenda.

Despite these issues, a particular feature of governance
structures in these three countries enabled a significant de-
gree of representation, participation and transparency
when it came to the adaptation planning process. This ad-
vantage was largely due to the personal relationships be-
tween individuals in positions of influence in these three
small countries. Even though the linkages described
above between actors and agencies may have been non-
traditional, in countries with small populations such as
Pacific SIDS, there are often very few ‘degrees of separ-
ation’ between individuals, particularly those who work
for government or are prominent in community or other
non-government/civil society organizations (Poutiainen
etal., 2013). Hence it proved not to be difficult to arrange,
for example, high-level meetings between representatives
of organizations with scant previous history of collabor-
ation, and there was enthusiasm between some of these
new partners (for example, the departments of health
and meteorology) to work together on health protection
initiatives requiring complementary expertise, such as
climate-based early warning systems for communicable
disease epidemics.

An additional enabling factor—it could only perverse-
ly be considered an advantage—with respect to climate
change governance in the study countries is the shared
sense of urgency with respect to action on climate change.
This common imperative, which extends to health adapta-
tion, is likely to be a significant contributing factor with
respect to the willingness of various actors to collaborate.

The combination of high levels of vulnerability, relatively
strong policy commitments and some unique governance as-
pects relating to social capital in these three SIDS have the
potential to negate some of their inherent disadvantages,
such as small populations and lack of wealth—two factors
that have been shown to correlate with weaker adaptation
potential and action (Lesnikowski et al., 2013).

Finally, it should be acknowledged again that the con-
tributions of non-government agencies and civil society
organizations in both the climate change and health pro-
ject in the Pacific, and the formulation of the original
‘Healthy Islands’ vision, was relatively light. Thus, an ob-
vious opportunity to strengthen the model would be to
consult more widely with community representativeness
and other stakeholders, to ensure the highest levels of rele-
vance and uptake to enable effective policy implementa-
tion to protect health.

CONCLUSION

Climate change and health adaptation planning in
FSM, Marshall Islands and Palau tested traditional health
governance structures. The commencement of health
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adaptation planning in the Pacific region two decades
prior, without substantial, technically informed health in-
puts, took the initiative away from the health sector. The
WHO-supported vulnerability and adaptation project in
PICs formally brought the health sector to the ‘climate
change adaptation table’.

As a product of the vulnerability and adaptation as-
sessment process, non-traditional linkages were formed
between the health sector and other actors, which enabled
more informed and efficient adaptation planning, al-
though it remains to be seen whether this will translate
into effective implementation.

The formation of such novel relationships and unpre-
cedented levels of inter-agency collaboration were made
possible, in large part, by the strong informal networks
and high degree of social capital that exist in such small
countries. The strong climate change policy commitments
and sense of urgency shared by these and other PICs were
found to be important additional catalysts in planning
health adaptation strategies.

The process of assessing climate change and health vul-
nerabilities and planning adaptation strategies in these
three countries enabled them to articulate a framework
for action on climate change within the Healthy Islands vi-
sion for the Pacific. This year, the Pacific health ministers
met again in Yanuca and celebrated the twentieth anniver-
sary of the ‘Healthy Islands’ vision. In doing so, they re-
vised the regional health policy approach to that of
‘Islands of Wellness’—a framework well suited to the
approach described in this article.

It is intended that this context-specific paradigm for cli-
mate change and health governance will facilitate stronger
inter-agency coordination and cooperation and clarify im-
portant links between relevant policies, processes and peo-
ple, in an effort to protect the health of these and other
Pacific island communities from the health impacts of
climate change.
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12.1 Climate change and health vulnerability in the Pacific

The key research questions for this PhD were as follows:

1. What methods may be used to assess climate change and health vulnerabilities in
the Pacific, and how do these methods compare in terms of their focus, feasibility,
usefulness and relevance to Pacific island countries?

2. What are the most significant risks to health posed by climate change in the Pacific
region?

3. What are the main opportunities and challenges in terms of implementing effective

climate change and health adaptation strategies in Pacific island countries?

This work described in this thesis attempts to answer these questions and, in doing so,
highlights both the extreme susceptibility of Pacific island countries to the health impacts of
climate change and the urgent need for effective adaptations to minimise these threats to
health. While many of the knowledge gaps, methodological challenges and priorities for
further research have been addressed in the preceding chapters, this chapter elaborates on
some of the broader issues relevant to the future direction of work on climate change and

health in the Pacific region.

Global assessments of climate change and health vulnerability have not been sufficiently
fine in spatial scale to consider specifically the unique suite of hazards facing small island
states, including those in the Pacific."™ This is despite the special attention given to such
countries by the IPCC,” and even applies to studies of the perceived risk posed by climate

. . . . 7
change on health in various countries and regions around the world.®

While this thesis has addressed the majority of the currently-perceived high-priority risks in
Pacific island countries, there remain a number of key issues to be explored in future climate
change and health research in the region. These include the psycho-social impacts of
climate change (including the consequent prospect of forced relocation) and the ethical and

cost-effectiveness dimensions of adaptation.

For many understandable reasons, particularly related to geography and topography, atoll

communities feel especially menaced by the seemingly unstoppable forces that threaten
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their livelihoods, culture and sovereignty, and which seem to be completely beyond their
control. A quote from a community leader in Kiribati recorded as part of the climate change
and health vulnerability assessment project there articulates this sense of anxiety and

despair:

“To talk about Kiribati is to talk about almost two hundred thousand people
whose lives and lands would be wiped out and disappear if climate change
and sea-level rise continue. Today, the main issue is not climate change and
sea-level rise but survival.

How can the /-Kiribati live and preserve their identity and culture if their atoll
islands are going to sink? Everything that the people have grown up with will
be lost. The sense of belonging, ownership and unity will be replaced by
strong heartbreak and lamentation.

This is a global crisis and a serious threat to the livelihood of the Kiribati people.
Climate change and sea-level rise are destroying what is most precious to the

people of Kiribatil.”

The quote above highlights at least three issues that are, as yet, inadequately addressed in
the climate change and health literature. The first of these is the inequity, unfairness and

injustice inherent in the maldistribution of the burden of ill-health due to climate change.

This phenomenon was explored on a global scale in a study that compared the relative
contributions of each of the world’s countries to atmospheric greenhouse gas emissions
with their respective burdens of projected climate change-related health impacts (using only
the four categories of climate-sensitive health risks included in WHQO’s previous global risk

assessments — diarrhoeal disease, malaria, malnutrition and deaths due to flooding).

The resulting maps, shown in Figure 12.1, demonstrate the dramatic inequalities in

contributions versus consequences at the global level.

1 Reverend Joy Reewi, written submission, South Tarawa, October 2010
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Figure 12.1 Comparison of country-level greenhouse gas emissions (over the period 1950-2000)
(top) and burden of climate-sensitive diseases (diarrhoeal disease, malaria, malnutrition and flood-
related fatalities).

Source: Patz et al, 2007°

While PICs are not clearly shown in Figure 12.1, it can be imagined how small they would
appear on the upper map, and how large on the lower. Several papers have discussed the
importance of ethical considerations in addressing climate change and health, and the

inequities involved.”™

These issues are particularly pertinent in PICs, given their extreme
vulnerability and severe resource constraints, and must be used to guide current and future

adaptation planning in the region.

The second issue raised in the quote from Kiribati is that of the psychological hazard posed
by climate change. While the IPCC has included mental health in its most recent risk
assessments, there have been surprisingly few studies published on the mental health
impacts of climate change. Of the available literature, much attention has been paid to the
theory and pathways by which climate change may affect mental health;*™" the
psychological consequences of specific climate hazards such as droughts'®*° and floods®’;

and the vulnerabilities of specific groups such as farmers and indigenous peoples.”*
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Significant academic leadership in this area has been shown by social scientists and

anthropologists specialising in the Pacific,>**

and a new study is being conducted on climate
change and mental health in Tuvalu, but vast amounts remain to be done on this issue in the

Pacific region.

A third challenge is the prospect that climate change will lead to forced relocation of
individuals, communities and, conceivably, entire countries within the Pacific.”*® The
governments of Kiribati and Tuvalu have purchased foreign land specifically for the purpose
of enabling emigration. This is clearly no panacea, as migration brings with it its own suite of
physical and psycho-social health risks.”” However, some Pacific specialists consider the
option of relocation — either internal (within-country) or external (intra-regional or
emigration beyond the Pacific) — to be a potential resilience factor for Pacific people, in that
it may provide some small protection against the otherwise devastating psychological and

. . . 28 2
emotional consequences of the loss of land and livelihoods.?®?*°

Despite the relative paucity and inconsistent findings of the literature, it seems very likely
that climate change is already having a profound negative effect on the mental health of
many Pacific Islanders, in a region where mental health is currently ill-defined, poorly
understood and inadequately managed. The identification of mental health as a climate-
sensitive health risks in a number of Pacific island countries as part of this project (see
Chapter Four) should enable increased resourcing for research and health systems funding
for mental health care. Thus robust, well-conducted studies are urgently required to assess
the burden of mental health disorders in the Pacific region, and serious efforts made to
ascertain the extent to which climate change is affecting mental health at present, and may
do so in the future.*® This should lead to the identification of risk factors and at-risk
individuals and groups, so that extra support may be provided to minimise long-term

psychological distress in this and subsequent generations.

Ranking alongside mental health as a high priority climate change and health vulnerability in
the Pacific are non-communicable diseases (NCDs). NCDs have similarly been paid scant
attention in the climate change and health literature to date, apart from studies of the direct

effects of temperature and air pollution on cardio-respiratory health.* >

Chapter Four of
this thesis discussed the prominence of NCDs as a category of climate-sensitive health risk in

the Pacific, and Chapter Ten considered the specific potential for NCDs such as diabetes to
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interact with climate change and communicable diseases as multi-directional mutual risk
factors. This “triple burden” of climate change, communicable diseases and NCDs in the
Pacific has recently been recognised by WHO,*® and has been addressed in more detail in the

aforementioned WHO synthesis report on climate change and health in the Pacific.

12.2 Climate change and health adaptation in the Pacific

The policy response to this complex convergence of challenges will require strong
commitment and deft diplomacy, given the overlapping and potentially competing interests
of the industry, energy, trade and finance sectors. Thus, a “health in all policies” approach

to adaptation has been recommended as a starting point for policy negotiations.*’

Adaptation strategies in the region should, of course, be guided by the vulnerability
assessments conducted over the last several years and described throughout this thesis.
Chapter Four summarised the adaptation strategies common across the Pacific region, and
the progress made by some countries, including Fiji, Kiribati and Tonga, in implementing

adaptation strategies based on their national climate change and health assessments.

Other PICs have been slower to respond to the recommendations contained with the
national action plans for climate change and health. While some of this inertia may be
explained by lack of resources or political commitment, it must also be conceded that there
is a lack of evidence regarding the effectiveness of adaptation in the available literature,
despite the proven efficacy of specific measures such as improving sanitation and increasing

“active transport” (i.e. walking or cycling rather than driving).*®

The few relevant cost-benefit analyses that do exist suggest that adaptations are rational
and effective investments for health systems, particularly for those interventions that have

broader health benefits, such as those related to water, sanitation and hygiene (WASH).***!

Qualitative estimates of the benefits of adaptation have been made based on the major
categories of climate change and health vulnerabilities identified at a global level, which are

broadly consistent with those in the Pacific, as discussed in Chapter Four.***
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The IPCC Fifth Assessment Report (2013) depicts the potential reduction in vulnerability via
adaptation and mitigation in the diagram below (Figure 12.2), in which the width of the
sectors indicates the relative importance of each category of climate-sensitive health risk,
and estimated global impact levels are presented for three time periods: the present; the
near-term “era of committed climate change” (2030-2040); and for the longer-term “era of
climate options” (2080-2100), projected for a global mean temperature increase of 4°C
above preindustrial levels. Each of these climate change and health burdens are then shown
in terms of the extent to which they may be reduced by effective adaptation and mitigation

efforts."

Present
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Figure 12.2 Conceptual presentation of the health impacts from climate change and the potential
for impact reduction through adaptation
Source: IPCC AR5
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Therefore, the recommended approach for policy-makers in the Pacific should be that
climate change and health adaptations be considered a cost-effective, low-risk, high-yield
investment. While international evaluations of efficacy and cost-benefit are scaled up, the
governments of highly vulnerable countries in the Pacific should consider the advice of the
authors of one substantial review on the value of climate change and health impacts versus
adaptations: “The case for making these expenditures is strong, on economic as well as

moral grounds”.*

12.3 Limitations and uncertainties

Of the many areas of uncertainty involved in climate change and health vulnerability

. . 44,4
assessment and adaptation planning,***°

one of the most substantial is that of estimating
future climate change-attributable burdens of ill-health. This challenge, in combining the
need for robust climate projection data with the ability to quantify the climate-sensitivity of
various diseases, proved impossible for PICs at this point in time, meaning this was an area
of general weakness in the region’s climate change and health adaptation plans. Thus, an
obvious avenue for future climate and health research in the region will be to obtain and
utilise down-scaled projection data for climate over coming decades. This should then be
analysed in relation to exposure-response results of historical environmental

epidemiological analyses of climate-sensitive diseases, such as those described in this thesis

for Fiji and FSM.

Other major limitations of this work were the inconsistencies in the availability and analysis
of climate and health data to inform the vulnerability assessments and adaptation plans in
PICs. These variations led to methodological differences — for example, the preference for
mostly quantitative techniques in some countries and qualitative methods in others. While
it has been argued in this thesis that each country’s assessment and plan was appropriate to
its needs at the time, at a regional level there are clearly disadvantages in having different

methods employed to reach common outcomes that are intended to be comparable.

In compiling the national adaptation plans for climate change and health, it also proved very
difficult to estimate the extent to which various strategies may be implemented as a matter

of course (i.e. as part of general health systems strengthening measures, as opposed to via
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climate change adaptation), and which measures may be redundant over time with socio-
economic development. To once again use the WASH example, there is a consensus that
improving the safety and security of water, sanitation and hygiene sources and behaviours

46,47

have far-reaching health benefits, and recognition that these indicators improve with

. . 4
regional and country-level economic development.*

So, it could be argued, the emphasis should be on supporting measures to develop
economies, raise standards of living and alleviate poverty, rather than strengthening health
systems and adapting to climate change. The counter-argument is that these are not
mutually exclusive strategies. The small island states in the Pacific clearly require assistance
with economic development, but also need urgent support for adaptation to protect
community health, as well as their sovereignty, culture and identity. There are strong links
between socio-economic development measures and adaptation strategies related to
WASH, for example, which both share the ultimate aim of reducing the burden of diarrhoeal

. 4
diseases.®

12.4 Opportunities, research needs and future directions of work

To continue in the theme of mutually beneficial policies, a significant opportunity presents
itself in the Pacific in the form of co-benefits — strategies which simultaneously reduce

greenhouse gas emissions and improve health outcomes.”® >

In a region burdened by extraordinarily high rates of NCDs,>***

policies aimed at promoting
active transport, increasing local agriculture and reducing pollution have the potential to be
some of the biggest “win-win” strategies for PICs. The recent Lancet Commission on health
and climate change pointed out the wide-ranging benefits to health and society of the major

mitigation options, many (but not all) of which apply to the Pacific — see Figure 12.3.

Co-benefits have also been shown to be highly cost-effective results of public health

interventions,>®*’

which should strengthen the argument for these policies to be
implemented in the Pacific, despite the negligible contributions of PICs to the problem of

excessive global greenhouse gas emissions. The opportunity for PICs to demonstrate moral
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and technological leadership in this area is exemplified by the tiny atoll nation of Tokelau

recently achieving its goal of sourcing all of its power from renewable energy sources.

Solar radiation management

ABiaua Jeapnpn

WwawRbeuew pueriosd

Figure 12.3 Co-benefits of major mitigation strategies across aspects of society
(Red arrows: increasing effects; green arrows: reduction in effects)

Source: Watts et al, 2015’

Another key opportunity for PICs lies in mainstreaming climate change and health national
policies, such as those related to health, environment and economic development; and
collaboration across sectors to achieve coherent policy goals. Chapter Eleven described
some of the governance challenges encountered in the northern Micronesian countries in

this context, but also pointed out the modest comparative advantages that small countries

have in enabling cooperation through exercising strong social capital.”®*°
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The choice of some PICs to combine climate change adaptation plans with disaster risk
reduction (e.g. the Joint National Action Plans in Cook Islands, Marshall Islands and Tonga) is

one example of such policy mainstreaming.

A further critical area for climate change and health policy relates to research. While the
initial national assessment and adaptation planning projects may be officially complete, PICs
must now move swiftly to update the information contained with the adaptation plans,
implement and evaluate them, all of which should be supported by a strong research

framework.

Some of the major areas that are yet to be addressed in climate change and health in the

Pacific — and more widely — include:

e Examining the climate-sensitivity of emerging infectious diseases (many of which are
zoonoses and/or borne by vectors, making them highly susceptible to environmental

variability),*®

particularly those recently detected or suspected in the Pacific, such
as arboviral infections (e.g. Zika and chikungunya) and ilinesses caused by soil-
transmitted helminths (a cause of significant long-term morbidity, particularly in

children) and saprophytes (such as the bacteria causing melioidosis);

e Exploring the utility and feasibility of compiling indices of vulnerability to climate
change and health risks, taking into account multiple aspects of vulnerability and
resilience, as a means by which to allocate scarce resources to areas and

communities most in need;63

e Evaluating national climate change and health adaptation plans in terms of their

utility, implementation and effectiveness; and

e Investigating ways to integrate policies and systems to improve the efficiency and

efficacy of interventions and adaptation strategies to improve health.*>®**

A final recommendation arising from the nascent literature on “climate-smart
development”, led by the World Bank’s visionary, public health-expert leader, Dr Jim Yong
Kim, is to use a framework for development that emphasises the full range of economic

benefits and risks, and applies appropriate assessment and financial tools.®®
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This would see bold but evidence-based strategies being implemented that combine a

“health in all policies” approach with cost-benefit analyses to achieve climate-resilient

health systems® and improved population health.

This should — must — be adopted and supported as the future policy paradigm in the Pacific.
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13.1 From here to the horizon

This thesis lays an evidence-based foundation for implementing measures to protect
population health in Pacific island countries in the face of climate change. It identifies and
stratifies risks and prioritises adaptation strategies to a level of scientific rigour and policy-

oriented detail unprecedented in the region.

In answering the three key research questions that guided this work — related to optimising
the methods of assessing health vulnerability to climate change in the Pacific; identifying the
highest-priority climate-sensitive health risks in the region; and planning health systems
adaptations to minimise these risks — the research described in this thesis makes clear that

Pacific island communities face myriad health hazards attributable to climate change.

These range from communicable to non-communicable diseases; epidemics to natural
disasters; acute and clearly apparent illnesses to chronic and cryptic conditions. The
methods employed in the vulnerability assessments and adaptation planning processes
across the region provide important templates for subsequent iterations and revised
assessments and plans. The results of the assessments themselves must be updated
regularly as new information, data and modeling techniques become available. These
updates must then be incorporated into revised adaptation plans that are aligned and

integrated across sectors.

The imperative of addressing climate change in the Pacific has been apparent for some time.
In his address to the United Nations Conference of Parties on climate change in Durban,
South Africa, in 2011, the ulu of the tiny Pacific atoll of Tokelau, Mr Foua Toloa, made plain

the plight of Pacific people:

“We stand to the lose the most of any country in the world due to climate change and
rising sea levels. We will be among the first to go under water. [But] we have a
culture, a language, an identity and a heritage. We want to preserve Tokelau for
future generations. Climate change does not distinguish between colour or race. Itis
an everyday reality here. Itis our life. If nothing comes [by way of support] from

this...then we will continue to suffer®.”

! http://www.theguardian.com/environment/2011/dec/08/pacific-micro-state-renewable-energy
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It is my hope and intention in conducting this research and writing this thesis that the work
described herein may be used as evidence for advocacy and action to protect the health of

Pacific people from the damaging effects of climate change.

In doing so, the utmost urgency and pragmatism must be applied, in recognition of the fact
that climate change is not just an environmental hazard, or solely a risk to health, but is an
overarching, omnipresent obstacle to socio-economic development in the region. The most
forceful arguments must be made to use climate change adaptation and mitigation
resources to raise the standard of health and well-being in these beautiful but exquisitely

susceptible small island states.
Climate change is, as the ulu makes clear, a lived experience for Pacific Islanders. This has

implications for societies around the globe, as when it comes to the impacts of climate

change on human health, the Pacific islands may be considered the canaries in the coalmine.
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Annex 1

Fragile Paradise — Health and Climate Change in the

South Pacific

A tribute to Tony McMichael’s contribution to

climate change and health

171

Annex 1



Prelude

This manuscript was accepted for publication in early 2013, in a profoundly significant
textbook entitled “Health of People, Places and Planet - Reflections based on Tony

McMichael’s four decades of contribution to epidemiological understanding”.

Published by ANU e-press in the latter half of 2015, the book combines scholarship and
advocacy on a broad range of public health issues in which Tony demonstrated far-
sightedness, incisiveness and intellectual innovation. Climate change and health was a topic
to which Tony dedicated much of the last two decades of his life, and he was — and remains

— much respected by his peers as a pioneer and global leader in the field.

This chapter attempts to summarise Tony’s contributions to our collective understanding of
the health impacts of climate change, and places his work in the context of the Pacific

regional climate change and health project that is the subject of this thesis.

It was with Tony’s encouragement that | embarked upon this doctoral journey, and | hope

that my modest contributions may be considered vindication of his support.

Reference: Mclver L, Hanna E. Fragile Paradise — Health and Climate Change in the South
Pacific. In: Health of People, Places and Planet — reflections based on Tony McMichael’s four
decades of contribution to epidemiological understanding. Butler C, Dixon J & Capon A (eds).

ANU e-press, Canberra, Australia, 2015; Chapter 17, p 337-350.
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FRAGILE PARADISE

Health and Climate Change
in the South Pacific

LACHLAN MCIVER AND ELIZABETH HANNA

Abstract

Island countries of the South Pacific are among the most vulnerable in the world to
the effects of climate change, including the likely detrimental impacts on health.
In general, the burden of these impacts falls disproportionately to particular
subsectors of the population, such as the socio-economically deprived, certain
occupational groups, those with pre-existing illnesses and residents of areas of
high exposure to climate-related phenomena such as floods, droughts and sea
level rise. Thus, climate change has the potential to exacerbate social and health
inequalities further. As part of a suite of adaptations integrated across sectors,
protection of Pacific Island communities from climate change-related health
threats requires an evidence-based approach that incorporates a context-based
assessment of vulnerability.

Pioneering work by McMichael and colleagues in the 1990s and early 2000s
provided templates for performing assessments of vulnerability and compiling
plans for adaptation to protect human health from the effects of climate
change. This chapter reviews the inclusion of the human health dimension in
the climate change impact and adaptation research landscape. We summarise
the mixed methods approaches employed to assess climate change and health
vulnerabilities and adaptation opportunities in the Pacific region. Results of
these assessments are provided, key themes are identified and we map the
planned direction of health adaptation to climate change in the Pacific.
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Background

While it may seem, to some, that the scientific community’s interest in and
concern about the changing global climate is a relatively recent phenomenon, the
reality is radically different. The concurrent rise in post-Industrial Revolution
global greenhouse gas emissions and increasing ambient temperatures has
been occurring for more than two centuries, and the causal link between the
two was first hypothesised in the 19th century, when Arrhenius recognised
the relationship between atmospheric carbon dioxide concentrations and the
temperature at the Earth’s surface (Arrhenius, 1896), building on earlier work
that explored the effect of gases and vapour on radiation and heat (Tyndall, 1861).

In the late 1980s, the World Health Organization (WHO) convened a working
group to consider the health impacts of the climate change scenarios developed in
1987 by the World Meteorological Organization (WMO) and the United Nations
Environment Programme (UNEP). These scenarios included the possibility of
warming air and sea surface temperatures, rising seas and increasing variability
and impacts of extreme weather events such as floods, droughts and storms
(WMO and UNEP 1988). The resulting WHO report, entitled ‘Potential health
effects of climatic change’, considered both ‘direct” impacts, such as heat-related
morbidity and mortality, as well as ‘indirect” effects, including the impacts on
crops and nutrition, communicable diseases such as those spread by vectors
(e.g. malaria, schistosomiasis, lymphatic filariasis) and those related to water
quality (e.g. diarrhoeal illness) (WHO, 1990). This early, speculative work
has been expanded and refined over recent years, with much of that led by
McMichael, who continued to update and improve upon his own conceptual
models of the pathways and impacts of climate change on health to incorporate
contemporary evidence and reflect the evolution of our understanding
of the issues.

The Intergovernmental Panel on Climate Change (IPCC) was convened in 1988,
and issued its first report in 1990. Within three years, the WHO was collaborating
with the WMO and UNEP in a series of consultations that culminated in the
publication of the seminal work, Climate Change and Human Health, in 1996.
This book laid out the established and potential links between climate variables
and the climate-sensitive determinants of health and disease (McMichael et
al., 1996). It expanded on the original list of diseases of concern in the context
of climate change and laid the epidemiological foundation for investigation of
the current and, more importantly, future impacts of climate change on health.
In so doing, the authors explained the methodological challenges involved in
estimating climate change-attributable impacts and burdens of disease, based
on multiple scenarios and layers of uncertainties. It was a pioneering work of
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public health research, and its authors were breaking new scientific ground in
the exploration of the link between a healthy human population and a healthy
planet. The book’s first editor was Tony McMichael.

McMichael and a group of close colleagues (including Andy Haines, Jonathan
Patz, Diarmid Campbell-Lendrum, Sari Kovats, Carlos Corvalan, Alistair
Woodward, Simon Hales, Kris Ebi and Yasushi Honda) published a series of
subsequent papers and texts in the late 1990s and early 2000s that undertook
the difficult dual tasks of estimating the attribution of climate change causality
to the global burden of disease and suggesting strategies to manage these climate
change-related threats to health. Assistance with this venture came in the form
of the establishment of a small unit within the WHO'’s Environmental Health
team in its Geneva headquarters and research support provided by the London
School of Hygiene and Tropical Medicine.

Of the most significant achievements of this group during that period were
the compilation of chapters on the potential risks of climate change to human
population health for the Second (1996) and Third (2001) Assessment Reports of
the IPCC. While the focus was still primarily on the direct health effects of heat
and hydrometeorological disasters and the indirect impacts on communicable
diseases and malnutrition, by the time of the Third Assessment Report there
was growing recognition of the unique vulnerabilities of certain regions
(e.g. low-lying island communities) and populations (e.g. developing countries,
the socio-economically deprived) (IPCC, 2001). Terms such as ‘adaptive capacity’
were coined, defined and used to explain both natural and social phenomena in
the climate change context.

In 2003, McMichael and colleagues compiled another pivotal work,
commissioned by the WHO, WMO and UNEP, entitled Climate Change and
Human Health — Risks and Responses (McMichael et al., 2003b). One of the
most widely referenced texts on the topic ever since, this book built on the
growing body of literature describing the pathways by which climate change
affected health and, for the first time, quantified the estimated global burden of
disease due to climate change (as part of the WHO's ‘Comparative Quantification
of Health Risks’ project in 2000) and reviewed and synthesised the attempts
by a number of countries to assess the health impacts of climate change at a
national level. The global climate change-attributable burden of disease at
that time (using 2000 as a baseline) was estimated at approximately 150,000
deaths per year (McMichael et al., 2004), a figure which included the results of
regional assessments, including the Oceania risk assessment, led by McMichael
(McMichael et al., 2003b).
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This burgeoning regional focus prompted the Western Pacific Regional Office
(WPRO) of the WHO to compile a ‘Regional Framework for Action to Protect
Human Health from the Effects of Climate Change in the Asia Pacific Region’.
This important document mandated the WHO to support member countries in
the region to assess their vulnerabilities to the health impacts of climate change
and develop national strategies and plans to manage those risks (WHO, 2008).
The health ministers in the Pacific region responded at their biennial meeting in
Madang, Papua New Guinea, in 2009, with the resultant ‘Madang Commitment’,
laying out a series of recommendations related to planning, coordination,
implementation and health system strengthening in the context of climate
change and health adaptations in the Pacific (WHO, 2009).

It is important to note that, while these may have been the first policy documents
from the health sector specifically addressing the health impacts of climate
change in the Pacific region, these issues had been considered in many Pacific
island countries (PICs) as part of their early work on climate change adaptation.
Much of this had been taking place since the early 1990s, often in the absence
of significant inputs from the health sector. As part of their Initial National
Communications to the United Nations Framework Convention on Climate
Change (UNFCCC) (mostly submitted in the mid- to late 2000s), several countries
in the region noted the potential for climate change to impact on health, despite
the limited level of understanding of those effects at the time.

Also in the late 2000s, the Australian government embarked on an ambitious
programme of technical support for PICs in the area of climate science via the
Australian Bureau of Meteorology (BOM) and the Commonwealth Scientific and
Industrial Research Organisation (CSIRO). Originally called the Pacific Climate
Change Science Program (now the Pacific—Australia Climate Change Science and
Adaptation Program), this project included among its key outputs a series of
country reports outlining historical climate trends and climate change forecasts
for the 21st century in the key areas of temperature, rainfall, sea level rise,
ocean acidification and extreme weather events (BOM and CSIRO, 2011).

These regional projects, guidelines and mandates provided the launching pad
for another ambitious WHO initiative. Commencing in 2010 and completed in
2012, this project saw the WHO assisting 11 PICs in conducting climate change
and health vulnerability assessments and adaptation plans, culminating in
National Climate Change and Health Action Plans (or variations thereof) for
each of these countries in this most vulnerable of regions.

The following sections summarise the methods employed for —and the results of
— these assessments and plans and, in doing so, highlight key knowledge gaps,
challenges and opportunities related to the protection of human health from
climate change in the South Pacific.
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Methods

The 11 PICs involved in the WHO climate change and health project (Federated
States of Micronesia, Republic of the Marshall Islands, Palau, Vanuatu, Solomon
Islands, Nauru, Kiribati, Tonga, Niue, Cook Islands and Tuvalu) were divided
into three groups, based roughly, but not precisely, on geography, along the
usual ethnic lines of Polynesia, Melanesia and Micronesia. Each of these three
groups was supported by a team of WHO consultants throughout a three-phase
project over two years.

The first phase involved inception workshops, which brought together the
country representatives and consultants to review the current state of knowledge
on climate change and health and discuss vulnerabilities and approaches
appropriate to each country. The second phase saw the consultant teams visit
each of the countries for further stakeholder consultations — across government
and non-government agencies, including community representatives and the
private sector — as well as examination of the available local data on climate
and climate-sensitive diseases. In the final phase, during return visits to each
country, the WHO teams assisted the country teams in drafting National Climate
Change and Health Action Plans (NCCHAPs), reflecting each country’s key
vulnerabilities and adaptation priorities with respect to the country-specific
health impacts of climate change.

The process and outcomes described above, while broadly similar across the
11 countries, were nevertheless unique for each country, reflecting the preferred
methodological approach and expertise of the consultant groups, the availability
of climate and health data (or, more often, the lack thereof) and the particular
priorities of the stakeholders and climate change and health teams within
each country.

The project in each PIC incorporated, to varying degrees, the separate elements
of vulnerability assessments recommended by the WHO (Kovats et al., 2003;
Campbell-Lendrum and Woodruff, 2007) and others, including a modified Health
Impact Assessment (HIA) approach appropriate to climate change and health
(Nelson, 2003; Brown et al., 2011), as well as quantitative estimations of the
climate health—disease relationship (Campbell-Lendrum and Woodruff, 2006).

A common and recurring theme throughout this process was the imperative to
consider the specific needs of vulnerable groups (such as young children, the
elderly, those in poverty, those with pre-existing illnesses and disabilities, those in
certain geographic locations — coastal villages, for example —and people engaged
in certain occupations, such as fishing, agriculture or construction). Thus, in the
context of health systems strengthening related to climate change adaptation,
issues of equity and access are cross-cutting, of paramount importance reflecting
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yet another area in which McMichael made his mark (Friel et al., 2008; Patz et
al., 2008). It is worth highlighting at this point, the irony of inequity in the
context of climate change in the Pacific (and other developing countries around
the world), vis-a-vis the fact that PICs have contributed the least of almost any
country to the problem of greenhouse gas emissions but will be among those
countries and communities hit hardest by a changing climate.

A strong feature of carrying out this work in PICs was its qualitative element,
achieved by engagement with stakeholders in a series of consultations in each
country. This was particularly important, given the very small populations
in question (Tuvalu and Nauru vie for the title of the world’s smallest
independent country, with Tuvalu’s population hovering around 10,000; Niue,
in free association with New Zealand, has a population of approximately 1,500),
under-resourced health systems and health professional capacities stretched to
the extreme. While in many cases health data were incomplete, of poor quality,
or missing altogether, the relevance and urgency of the challenge is widely
acknowledged. Health-sector colleagues and other stakeholders proved willing
to engage in the discussions, debates and consensus building that ultimately
resulted in assessments and plans that were strong on qualitative inputs, albeit
weak quantitatively. This characteristic of the PIC project, where precision
was lacking and uncertainty large, meant that the adaptation planning process
tended towards a ‘no-regrets’ approach, consistent with that recommended for
smaller and/or developing countries and weaker health systems (Wardekker et
al., 2012).

Results

The results of the vulnerability assessments in the 11 above-mentioned countries
are summarised in Table 17.1 (McIver, 2012).

Table 17.1 Priority climate-sensitive health risks in Pacific Island
countries.

Country Main climate-sensitive issues

Cook Islands Dengue fever, diarrhoeal disease

Federated States of Micronesia | Water- and mosquito-borne diseases, malnutrition

Fiji Dengue fever, typhoid fever, leptospirosis, diarrhoeal disease

Kiribati Food (safety, security, food-borne diseases), water (safety,
security, water-borne diseases) and vector-borne diseases

Nauru Air quality, food security, non-communicable diseases (NCDs)
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Country Main climate-sensitive issues

Niue Vector-borne diseases, ciguatera, diarrhoeal disease, respiratory
disease, heat-related illness, NCDs, trauma from extreme
weather events

Palau Vector-borne diseases, zoonotic infections, gastroenteritis,

respiratory disease, NCDs, trauma from extreme weather events,
mental health issues

Republic of the Marshall Islands

Food-, water- and vector-borne (dengue) diseases, respiratory
diseases, malnutrition

Solomon Islands

Vector-borne diseases (malaria), respiratory diseases

Tonga Diarrhoeal diseases, vector-borne diseases (dengue), food
security/nutrition, NCDs, injuries and deaths from extreme
weather events

Tuvalu Diarrhoeal disease, respiratory disease, compromised food
security and impacts on NCDs

Vanuatu Food- and water-borne diseases

Source: Mclver, 2012.

The priority adaptation strategies for each PIC, outlined in their respective
NCCHAPs, relate directly to their key wvulnerabilities. Broadly speaking,
a holistic but pragmatic approach was taken to the adaptation planning
process, with countries strongly favouring adaptation strategies that were
feasible — recognising technical capacity limitations and financial constraints
— in the context of grossly under-resourced health systems and multiple, often

competing, health priorities.

Adaptation strategies were considered under a number of different categories,

listed below with examples of specific activities under each category:

* Legislative/Regulatory

— Reviewing building codes and standards to ensure adequate resilience to

hydrometeorological disasters

* Public Education/Communication

— Developing health promotion materials regarding food safety and

protection against water-borne diseases under warmer conditions

* Surveillance/Monitoring

— Expanding and enhancing ‘syndromic surveillance’ for key climate-

sensitive diseases such as diarrhoeal illness and dengue fever

* Ecosystem Intervention

— Carrying out regular community clean-up activities targeting mosquito

breeding sites (e.g. pots, puddles, tins, tyres, coconut shells)
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* Infrastructure/Development

— Retrofitting schools, aged care facilities and public buildings with
adequate ventilation and/or air conditioning

. Technological/Engineering

— Procuring appropriate laboratory equipment for food testing, water
monitoring and mosquito identification

¢ Medical Intervention

— Refining clinical case definitions for climate-sensitive diseases; stockpiling
appropriate medications and supplies for extreme weather events

* Research/Further Information

— Collecting, collating, synthesising and analysing health data in relation
to historical climate variability, with a view to estimating future country-
specific, climate change-attributable burdens of disease.

Discussion

As can be seen from Table 17.1, the majority of the climate change and health
priorities identified in the PICs largely reflect the long-held concerns of experts
in the field: issues such as increasing incidence of food-, water- and vector-borne
diseases; the health impacts of heat extremes and natural disasters; and mental
health stressors have all been included in earlier conceptual models.

One important area of emerging concern —and a climate change exposure impact
pathway largely missing from the conceptual models to date — is the potential
for climate change to exacerbate the existing and rapidly increasing burden
of non-communicable diseases (NCDs). NCDs were among the top priorities in
terms of climate change and health in several PICs, and many participants in the
vulnerability assessment and adaptation planning process around the Pacific
were firm in their opinion that climate change would lead to a worsening of the
NCD ‘crisis’.

The literature on climate change impacts on NCDs is scant; once again, one
of the most significant contributions to the topic — a paper that focuses on
the pathways between extreme weather events and acute exacerbations of
existing disease; adaptation and development opportunities; and the potential
for ‘co-benefits’ (see below) — has been made by a group that included the
indefatigable Tony McMichael (Friel et al., 2011).

Island countries in the Pacific region have among the highest rates of obesity
and NCDs such as hypertension, dyslipidaemia and type 2 diabetes in the
world (WHO, 2011a). Concern about this trend has led some countries to take
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extraordinary measures, such as the government of Palau declaring a state of
emergency in an attempt to access a wider range of resources to tackle the
problem. At least some PICs see climate change as a potential additional driver
of NCD risk; for example, by further worsening the conditions for domestic
agriculture (due to increasing temperatures, variable rainfall, salinisation of soil
and other factors) and by decreasing one’s willingness or ability to exercise or
perform outdoor work in hotter and/or wetter conditions.

An extensive recent online discussion forum on the topic of climate change
impacts on NCDs in the Pacific, moderated by the WHO, to which more than
30 prominent stakeholders and community members from a wide range of
PICs and backgrounds contributed, found that four key themes emerged in
relation to potential solutions to the problem: community education, legislation
and government regulation, improved food security (e.g. the propagation of
drought- and salt-resistant traditional staples such as taro and cassava) and
further research.

Another area in which the Pacific may be unique in terms of the timing
and/or nature of climate change impacts on health relates to the combined
geographic and demographic vulnerabilities of PICs. In 2000, McMichael and
Beaglehole (2000) pointed out the contemporary convergence of globalisation,
environmental change and the gradual transition from a world where infectious
diseases were the predominant burden of ill health to the new world of NCDs.
This transition is taking place, apace, in Pacific atoll nations.

Kiribati and the Marshall Islands provide alarming examples of this confluence of
social and environmental determinants of ill health, where NCDs such as diabetes
coexist with overcrowding and high rates of smoking — all major risk factors
for tuberculosis transmission in these two high-prevalence countries (Clark et
al., 2002; Alisjahbana et al., 2007; Lin et al., 2007; Baker et al., 2008; Jeon and
Murray, 2008). There is a real and concerning possibility that, in these tiny, very
low-lying countries with high population densities, climate change phenomena
— in particular, sea level rise — may contribute to the burden of diseases such as
tuberculosis by additional forcing of population pressures and NCDs.

Despite these risks, and the challenges of implementing effective adaptations
for climate change and health in very small countries with limited capacity in
many areas, there are some causes for optimism and examples of innovation and
progress in PICs. Some of these examples include:

* Mainstreaming: Palau merged its climate change and health team within a
larger Pacific Adaptation to Climate Change project, ensuring that health
issues were considered in community awareness surveys and adaptation
activities such as experimenting with climate-resistant crops and fish and
clam aquaculture.
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* Infrastructure and health systems development: Kiribati’'s NCCHAP has been
reviewed extensively and implementation of this Plan, which focuses on
building environmental health capacity (via direct investment in physical
resources as well as training and programme support), is the main objective
of a well-funded climate change adaptation project coordinated by the Office
of the President, with external donor and technical assistance.

* Research: Fiji is one of seven countries participating in a global climate
change and health adaptation pilot project aimed at using climate information
for disease early warning systems and improving the abilities of health
professionals and communities to manage climate-sensitive health hazards.

* All-hazards planning: Tonga, the Marshall Islands and the Cook Islands
have opted to combine plans for climate change adaptation with disaster
risk reduction in Joint National Action Plans (JNAPs), thus opening up
additional avenues for funding and technical support to manage the threats
presented by extreme weather events such as cyclones, floods, droughts and
storm surges, which almost certainly will all be affected by climate change.

Finally, and somewhat paradoxically, given the negligible contribution of PICs
to the problem of climate change itself, it is clear that these countries have
a substantial amount to gain from the potential ‘co-benefits’ of mitigation
strategies, such as increasing the use of active and public transport over
motorised vehicles and increasing physical activity in the pursuit of fishing
and farming (noting that the loss of the latter skills, particularly in younger
generations, is an oft-heard lament in the Pacific) (Ganten et al., 2010).

Conclusion

Most of the scenario-based predictions of climate change impacts pertain to the
21st century; many focus on what our world will look like in the year 2100. Over
the past 25 years, Tony McMichael was instrumental in shaping, thinking and
guiding research and policy priorities related to the health impacts of climate
change. His intellectual footprints can be seen in most, if not all, significant
works on the topic; his name dominates reference lists of scholarly publications
on climate change and human health. To the end of his long and productive life,
he continued to supervise research, analyse data and publish on these issues.
Much of his work is of critical significance to climate change and health in the
island countries of the South Pacific, including a very recent review of the health
aspects of climate change-related migration, co-authored by two generations of
McMichaels (McMichael et al., 2012).
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Given the vogue for basing future climate scenarios around 2100, it is poignant
to note that there are now babies and small children alive today who may still
be alive in 2100. What world will they see? By that time, some PICs may be
uninhabitable, or at least unrecognisable, from the effects of climate change.
What will that mean for the health — physical, emotional, spiritual and mental
— as well as the nationhood and identity of the most vulnerable communities in
the South Pacific?

While climate change represents one of the most significant challenges to
development in small island countries in the 21st century, it also provides a
unique opportunity to build resilience in the health sector, address health
inequities and pilot new approaches to health protection and improvement, for
the betterment of communities in the Pacific and around the world.
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