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Climate change is complex phenomenon that is driven by variables at all scales. Its impacts can be felt at
global to local and individual levels. If we consider that there is now almost unanimous consensus among
scientists that greenhouse gas accumulation in the atmosphere due to anthropogenic emissions is causing the
climate to change (McMichael et al. 2006), the main remaining knowledge gaps concern the extent of this change
and, specifically, the impacts that it will have on humans and the environment. This presents a problem when
attempting to quantify the impact of climate change on specific health outcomes. Therefore, there is now a
requirement to develop methodologies to project the impact of climate change at local levels, considering all
potential risk factors and health outcomes (Field et al. 2014). The complexity of climate systems means that
results or outputs from an assessment of a risk factor or health outcome in one region are not necessarily
applicable to other regions, which may have different environmental, social, economic and infrastructural
characteristics. This wide range of spatial variety highlights the need for case based research into climate
change impacts. However, as with all risk assessments, it is preferable to have a common framework or
methodology upon which to base local studies. Another emerging requirement for climate change impact
research is the need to place climate change related health risks in context with other sources of risk. All regions
and individuals are faced by multiple risks from different sources. Quantifying the risk that climate risk factors
pose to different human health outcomes in a unit that is directly comparable to risks from non-climate sources
is, therefore, a useful tool for placing climate related health risks in a multiple risk context. This research aims
to develop standardised approaches to quantifying the risk of human induced climate change on health at local
and regional levels, using an evolutionary, case-based approach. The final outcome of the research is to provide
a methodology which enables climate change related health risks to be quantified in a common risk unit, at a
local and regional scale.

A case-based approach is taken to analyse two specific risk factors, which are currently difficult to quantify
- infectious diseases and heat waves. Building upon the findings of these two studies and the limitations of the
quantification methods used, a framework is proposed to quantify the impact of climate change on health
outcomes at a local level. Three main objectives are used to formulate the structure of the research, with a final
objective developed to collate the findings into higher level implications for research and policy making in the
field of climate change impacts on human health and risk assessment in general. Chapter 1 provides some
introduction to climate change and the ways in which it impacts human health. This chapter also describes the
problems faced when analysing human health risks from climate change and identifies key research and
knowledge gaps. The structure of the study is described and the research questions that it aims to address are
explained. In context, this thesis aims to (1) understand the impact of the climate on infectious disease
prevalence in two East Asian countries: Japan and the Republic of Korea, with a focus on malaria; (2) determine
the variables affecting vulnerability to heat waves and combine and map this vulnerability with heat wave
exposure data at a local level; (3) develop a framework that all risk factors and health outcomes can be quantified
on the same scale, using Disability Adjusted Life Years (DALYs) as a common unit.

Chapter 2 tackles the first specific objective of understanding the impact of climate on malaria prevalence
in Japan and the Republic of Korea includes investigating and comparing past trends of incidence of malaria,
the influence of climate, and developing a method to identify areas at risk of re-emergence. The malaria situation

in both countries is compared, with reasons for the differences investigated. The link between climatic factors
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(mean monthly minimum temperature, mean monthly maximum temperature, monthly precipitation and mean
monthly relative humidity) and malaria incidence is statistically analysed in the Republic of Korea.
Temperature is identified as the major climatic influence on malaria transmission rates at a monthly level for
the study region. Based upon this finding, a biological, temperature dependent model - a base reproduction rate
model - is combined with climate model outputs to plot current and future climatic suitability for stable malaria
transmission in the study regions. This approach to modelling infectious disease risk is critically assessed.

The second objective is addressed in Chapter 3. This objective is to determine the variables affecting
vulnerability to heat waves and to quantify and map these at a local level. The main aim of this Chapter is to
produce an output that can be useful for identifying high-risk areas for policy makers and stakeholders. A key
facet of this topic is combining a vulnerability assessment with spatial analysis of heat exposure, to provide
information that can be used to prioritise countermeasure selection. The analysis is conducted in Osaka City,
Japan, to provide real world context and to enable comparison to vulnerability studies in other locations.
Principle Component Analysis (PCA) of vulnerability indicators is conducted to construct three principle
components determining vulnerability to heat waves. These are (1) socioeconomic factors; (2) social isolation;
(3) physical characteristics. The principle components are mapped individually, to identify differences in the
spatial distribution of each. They are then weighted, based upon the PCA results, and combined to produce an
overall vulnerability index score, which is divided into 8 risk categories, based upon standard deviation of the
scores. The vulnerability index score is combined with outputs from a fine scale assessment of exposure to
extreme heat across the city, based on observations from weather stations located around the city. The combined
output enables the most vulnerable and exposed areas to be identified simultaneously. This method of
quantification and dual vulnerability and exposure assessment is useful for effective implementation of
countermeasures to reduce the impact of heat waves at a local scale.

Chapter 4 covers the third research objective. This objective has a broader scope, in that it develops a
framework that all risk factors and health outcomes can be quantified on the same scale, using Disability
Adjusted Life Years (DALYs) as a common unit. The framework is designed to be transferrable to different
regions, which will aid understanding of the spatial differences in risk. Producing DALYs as an output unit also
fulfils the requirement to place climate change risks in context with other risks. Cardiovascular disease and
meteorological disaster related injuries in Osaka Prefecture, Japan are used as worked examples of how the
framework can be used to assess climate change impacts on human health at both a regional and local scale, for
two fundamentally different health outcomes. The example health outcomes were selected due to their
importance to the study region and the strong differences in the nature of their impact on human health. The
idea was to demonstrate the applicability of the suggested framework on a chronic and an acute health outcome,
which would produce outputs quantifying the impact of climate change on each, on a common scale. This
framework, therefore, provides a useful reference for producing standardised but transferrable human health
impact assessments, as well as producing a result to allow for risk comparisons in a multiple risk environment.
As a conclusion to the study, the limitations and key contributions of the methods and findings are discussed.
Recommendations for the future direction of study are identified and explained in context. Recommendations
for the use of the climate change human health impact quantification framework are provided, with a specific
focus on the uses for policy makers.

Chapter 5 addresses the final objective of the study. This chapter collates the findings, limitations and
implications of the subsidiary objectives and draws meaningful conclusions. The conclusions in this chapter aim
to contribute to scientific advancement in the field of climate change impact assessment and provide direction
to organisations and individuals required to take action and implement risk reduction policy related to climate
change and human health. Recommendations are provided in how to improve the methodologies provided, with
particular attention given to real world applicability. Future research pathways are also discussed, based upon
the implications of the research conducted in the thesis. These two concepts formed the backbone of the study,
as research in the field of risk analysis should be focused on advancing understanding and communicating this

understanding in a transparent, clear and unbiased manner to stakeholders and policy makers alike.
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