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   Foreword 1   

 Climate change is increasingly recognised as a major threat to public health with the 
potential to affect many health outcomes including vector-borne and diarrhoeal dis-
eases, under-nutrition, air pollution-related outcomes, allergies, heat- and cold-
related mortality and a range of outcomes related to extreme events such as fl oods, 
droughts and intense storms. Despite growing evidence of a range of adverse effects, 
progress in addressing the emissions of greenhouse gases from fossil fuel combus-
tion and land use change is too slow. The agreement of 195 nations in the Conference 
of the Parties (COP21) in Paris in December 2015 represents a considerable achieve-
ment which aims to hold a global temperature rise this century to well below 2 °C 
above pre-industrial levels and to catalyse efforts to limit the temperature increase 
even further to 1.5 °C. However, the Intended Nationally Determined Contributions 
(INDCs) that were communicated to the Treaty secretariat prior to the conference 
fell substantially short of these aspirations and would result in warming of around 
2.7 °C (  http://climateactiontracker.org/global.html    ). Thus greater efforts to curb 
emissions are needed to protect human health and reduce the risk of wide ranging 
and potentially catastrophic effects. 

 Disadvantaged populations are generally likely to be most vulnerable to the 
adverse effects of climate change despite having contributed a little to the problem. 
There is a danger that climate change could reverse some of the hard-won gains in 
health that have been achieved in many parts of the world in recent decades. 

 In order to protect public health, it will be essential to develop and implement 
effective policies to reduce vulnerability and increase the resilience of populations 
to climate change as far as possible. Strengthening the capacity of health systems to 
detect and respond to threats to health posed by climate change is a vital component 
of effective adaptation strategies. Health facilities and staff need to be equipped to 
deal with climate-related health outcomes. However, there are limits to adaptation 
that need to be recognised, including for example to intense thermal stress, which 
will impair labour productivity particularly in those who work outdoors in tropical 
and sub-tropical regions or to sea-level rise in low lying islands. This makes further 
action to reduce emissions of greenhouse gases imperative in order to reduce the 
risk of ‘dangerous climate change’, which is the focus of the UN Framework 

http://climateactiontracker.org/global.html
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Convention on Climate Change. There is also growing recognition that many poli-
cies to reduce greenhouse gas emissions can also have ancillary (co-)benefi ts for 
health; for example, reduced combustion of coal for electricity generation can 
reduce both carbon dioxide emissions and fi ne particulate air pollution. Awareness 
of these near-term benefi ts can make policies to reduce GHG emissions more attrac-
tive to decision makers. 

 This book provides a rich source of evidence of many of the potential threats to 
public health posed by climate change but also demonstrates how well-designed 
policies can help protect against the risks posed by climate change. It covers a 
diverse range of countries and health outcomes covering issues such as the vulner-
ability of older people and the implications of demographic change together with 
the impact of climate change on the distribution of major vector-borne diseases such 
as malaria and dengue. It also addresses the health challenges facing coastal popula-
tions in the face of sea level rise often accompanied by other local environmental 
changes such as loss of mangroves, depletion of aquifers and damming of rivers. Its 
focus on South and Southeast Asia makes it a valuable source of evidence for public 
health professionals, clinicians and those who are interested to learn more about the 
potential regional impacts of climate change. This book deserves to be widely read 
and acted upon by all those concerned to protect vulnerable populations against the 
burgeoning threats to health from climate change.  

   London School of Hygiene and Tropical Medicine     Andy     Haines    
  London ,  UK      
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  Forew ord 2   

 Where and on whom will human driven climate change have most of its early and 
serious impacts? It has long been recognised that, for two broad reasons, most of 
that climate attributable trauma, disease and death will occur in the regions of the 
world that are geographically vulnerable and burdened by poverty, crowding and, 
often, weak, misguided or corrupt government. 

 The fi rst general reason is that the effects of climate change on human health are 
mostly those of a risk multiplier. Climate change comprises a complex of altered 
environmental conditions, ecological processes and social relationships; it is not a 
classical ‘exposure’. Hence, populations that already have high pre existing rates of 
child diarrhoeal disease, undernutrition and stunting and various vector-borne infec-
tious diseases, when exposed to increases in temperature, fl ooding or wild weather, 
are likely to experience the greatest  absolute  increases in those and related adverse 
health impacts. 

 Second, many such populations exist within the lower latitude world, with high 
agricultural dependence on seasonal monsoonal rainfall, heavily populated low-
lying coastal regions and various endemic infectious diseases that thrive in warm 
and moist conditions. Many of those populations have high and persistent levels of 
poverty, crowded peri urban living, limited understanding of risks to health and a 
low level of economic, technical and human resources available to help avert adverse 
health impacts of climate change. 

 For those reasons this book is welcome. It focuses on the circumstances and 
future health risks from climate change in South and Southeast Asia, where more 
than two billion of the world’s population lives. The conditions and risks within the 
region are many and diverse, and adaptive strategies will vary greatly across place 
and over time. 

 So too will the ways in which different countries will need to curtail their green-
house gas emissions – whether in relation to wet rice agriculture (methane), increased 
livestock production (predominantly methane; also carbon dioxide), electricity gen-
eration (carbon dioxide and black carbon), industrial production and transport sys-
tems (carbon dioxide, methane precursors, etc.). Alternative technologies, not 
curbed national development, must provide much of that resolution. 
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 The book provides broad geographic coverage, including India, Bangladesh, 
Taiwan, Thailand, Indonesia and Malaysia. That should provide comparative oppor-
tunities to learn about and learn from one another and to understand more clearly 
the essential trans boundary nature of the climate change problem. Pleasingly, issues 
to do with mental health, livelihoods and adaptation strategies are integral parts of 
this volume. 

 There is much more that could be written about if space and current knowledge 
permitted. Climate change knows no boundaries in the diversity of ways that it 
infl uences human health, wellbeing and physical survival. Those ways will assume 
different intensities and forms as the climate and world around us continue 
changing. 

 So we should learn from what is already known, including from the contents of 
this book, and expand our efforts in research, public communication and discussion, 
policy advocacy and progressive inter sectoral action to both abate and insulate 
against climate change.  

   The Australian National University     Tony     (A.J.)     McMichael   
  Canberra ,  ACT ,  Australia      

Foreword 2
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  Pref ace    

 Globally, climate change-induced natural disasters are occurring nearly fi ve times 
as often as they were in the 1970s. But some disasters – such as fl oods and storms – 
pose a bigger threat than others. Flooding and storms are also impacting the econ-
omy. Heatwaves are also an emerging killer. 

 Thus climate change represents a range of environmental hazards and will affect 
populations in the regions such as South and Southeast Asia, which already suffer 
from a number of natural hazards in general and climate-sensitive diseases in 
particular. 

 According to WHO report about 44 % of all disasters, globally during 1996–
2005: 57 % of people killed globally in natural disasters were from South East Asia 
Region. The WHO report further adds that by 2025, Asia will be home to 21 of the 
world’s 37 global megacities, making multibillion dollar disasters even more com-
mon (WHO 2008). 

 The climate change scenario in the South and Southeast Asia has been a major 
focus in the recent assessment of IPCC that indicates warming trends and increasing 
temperature extremes which have been observed across most of the Asian region 
over the past century (IPCC 2014). 

 Earlier, the IPCC 4th Assessment Report had stated that climate change, in par-
ticular increased risk of fl oods and droughts, is expected to have severe impact on 
South Asian countries, since their economies rely heavily on agriculture, natural 
resources, forestry and fi sheries sectors. About 65 % of the population of South 
Asia live in rural areas and account for about 75 % of the poor who are most vulner-
able and are impacted by climate change. Changes in the intensity of rainfall events 
and the overall impact of El Niño on the Monsoon pattern and increased risk of criti-
cal temperature being exceeded more frequently exist. 

 Researchers in Southeast Asia used data on spatial distribution of various 
 climate related hazards (cyclones/typhoons), drought risks, landslides, sea level rise, 
population density and adaptive capacity, in areas of Indonesia, Thailand, Vietnam 
Lao PDR, Cambodia, Malaysia and the Philippines in the Southeast Asian region. 
Thus both South and Southeast Asian countries are vulnerable due to heatwaves and 
fl oods, and the region experienced the largest number of fl ood events. 



x

 South Asian countries – India, Pakistan and Bangladesh – and Thailand in the 
Southeast Asian region suffer from heatwaves. A World Bank report warned that 
‘Countries in the South East Asia region are particularly vulnerable to the sea level 
rise, increases in heat extremes, increased intensity of tropical cyclones, and ocean 
warming and acidifi cation because many are archipelagoes located within a tropical 
cyclone belt and have relatively high coastal population densities’ (The World Bank 
2013). 

    Natural Disaster-Affected Population 

 An analysis of data from South and Southeast Asia reveals the pattern of access to 
safe drinking water to the population. Inequalities are not widespread, though 
improved water access is better in countries such as Bhutan, Maldives, Malaysia, 
Thailand, India and Pakistan (Fig.  1 ).

   However, there are wide disparities in using improved sanitation, with Maldives, 
Malaysia, Thailand and Sri Lanka better off in comparison with other countries. 
India, Nepal and Cambodia fared poorly in the provision of improved sanitation.

  In Southeast Asia, many more people died as a result of natural disasters from 2001 to 2010 
than during the previous decade, mainly because of two extreme events: the Indian Ocean 
earthquake and tsunami of 2004 and Cyclone Nargis in Myanmar in 2008. While the fl oods 
in Pakistan raised deaths due to natural disaster to over 2,100 with over 18 million people 
affected. The record fl oods in Pakistan contributed to the large economic damages and 
losses experienced by Pakistan in 2010 (US$7.4 billion) making it the most costly year with 
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  Fig. 1    Natural disaster-affected population in South and Southeast Asia 2010 (Source: Based on 
data from  Statistical Year Book for Asia and the Pacifi c , Environment II, UNESCAP, Bangkok 
2011)       
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respect to natural disasters in at least 20 years In Southeast Asia, many more people died as 
a result of natural disasters from 2001 to 2010 than during the previous decade, mainly 
because of two extreme events: the Indian Ocean earthquake and tsunami of 2004 and 
Cyclone Nargis in Myanmar in 2008. While the fl oods in Pakistan raised (UNESCAP 2011). 

   Figure  2  depicts natural disaster-related mortality and affected population in 
South and Southeast Asian countries. Pakistan, Philippines, Indonesia and Nepal 
had higher mortality per million in comparison with other countries. As regards the 
affected population due to natural disasters is concerned, Thailand and Pakistan suf-
fered most, followed by Philippines, Vietnam and Sri Lanka in the region.

   Thus it is obvious that there are inequalities resulting in the population’s vulner-
ability to face extreme climatic events such as temperature increase and high pre-
cipitation leading to drought and fl ooding, respectively.  

    Burden of Communicable Diseases 

 The burden of communicable diseases is still high in the region. Dengue continues 
to pose a major and increasing public health problem. Chikungunya fever is 
re emerging and outbreaks of Nipah virus infections are being reported. Nipah virus 
infection (NiV) is named after a Malaysian village where it was fi rst discovered and 
categorised as the emerging infectious disease of public health importance in the 
Southeast Asia Region. Drug resistant malaria has spread. 
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  Fig. 2    Natural disaster mortality and affected population in South and Southeast Asia 2010 
(Source: Based on Data from  Statistical Year Book with for Asia and the Pacifi c , Environment II, 
UNESCAP, Bangkok 2011)       

 

Preface 



xii

 Although several countries have made signifi cant progress toward increasing 
water supply coverage, sanitation coverage remains low – 31 % of the total popula-
tion has access to improved sanitation in Cambodia and Nepal, 34 % in India and 
96 % each in Malaysia and Thailand. Thus the level of vulnerability varies in the 
region. As a consequence of poor sanitary practices, diarrhoea causes substantial 
mortality. Public awareness of food hygiene related to food standards is limited, as 
is the food safety surveillance system. More than 70 % of workers are not covered 
by occupational health provisions (The World Bank 2013). 

 In the background of geo ecology of health and disease in the region, an attempt 
has been made in this book by authors to assess the impact of climate change sce-
narios in geographically varied region in South and Southeast Asia, on human 
health conditions, and adaptation strategies by nations and communities in order to 
combat climate change impact. Part I contains chapters covering chapters on the 
South and Southeast Asian region. Part II consists of regional studies encompassing 
selected countries. 

 Rais Akhtar in Chap.   1     throws light on dimensions of climate change and its 
devastating impacts on health disasters in both developed and developing countries 
with focus on the South and Southeast Asian region. This chapter discusses green-
house gas emission policies of the USA, India and China and highlights the associa-
tion between climate change and human health. 

 The authors of Chap.   2     focus on many reasons to be concerned about the impacts 
of climate change on this region of South Asia, many parts of which experience 
apparently intractable poverty. Whilst there are a few countering, hopeful factors, it 
is fair to conclude that great problems lie ahead, not only for population health in 
South Asia but for South Asian society, unless there is an urgent and wide-scale 
change in policy and implementation; heatwaves are a growing problem in South 
Asia, and the management of vector-borne diseases (VBDs) is likely to become 
more problematic due to climate change. The authors assert that urgent action is 
therefore needed, particularly by India, an emerging great power, to transform its 
long-held justifi cation for its lack of action in mitigating and preparing for climate 
change. 

 A number of groups within populations have been identifi ed as potentially vul-
nerable in emergency situations by many offi cial organisations and NGOs. Whilst 
climate change and effects on health tend to be longer term, similar groups tend to 
be more vulnerable to associated risks. Prominent among these are older persons; 
McCracken and Phillips in Chap.   3     look at older persons’ health and climate change 
and explain that the health status and health vulnerability of older people in the 
context of climate change have physiological, psychological and social compo-
nents. They emphasise that, whilst older persons on average tend to be at greater 
risk than others from adverse events, it is also important to recognise older persons’ 
heterogeneity and to avoid stereotyping all as equally vulnerable or needy. 
Nevertheless, they note that older persons’ health status will generally be more sus-
ceptible to factors such as extreme heat, as evidenced by excess mortality in the 
European heatwave of 2003 and elsewhere. Older persons, particularly those with 
pre-existing conditions such as chronic lung problems or hypertension, may also be 
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affected by increasing indoor and external air pollution levels. Risks may be raised 
of conditions such as ischemic heart disease, stroke, COPD, acute lower respiratory 
disease and lung cancer, which affect older cohorts disproportionately. Higher tem-
peratures may also be associated with extreme weather events such as typhoons and 
associated heavy rainfall, fl ooding and damage to property, wellbeing and even risk 
to life. The authors assert that older persons, especially those without families or 
support, may be especially at risk and unable to escape or mitigate the effects of 
such events. They may also be resident in places where many types of infectious 
diseases will be affected by temperature rises, including malaria, dengue and other 
parasitic or infectious conditions. 

 S. K. Dash in Chap.   4     identifi ed the regions of extreme temperature events. The 
chapter includes an in depth analysis of daily maximum and minimum temperatures 
all over India spanning a number of years. Such study over India is essential not 
only because of scientifi c interest but also for getting useful information for policy 
formulation. India is a land of variety with large spatial and temporal variations in 
topography, land conditions, surface air temperature and rainfall. For scientifi c anal-
ysis, according to the author, the landmass of the country is usually divided into 
seven temperature homogeneous zones. Therefore, the degree of temperature 
extremes may not be the same in each homogeneous zone. 

 Chattopadhyay and colleagues in Chap.   5     opine that rapid change in climate 
through the Quaternary under the impact of global warming and its impact on the 
snow fi elds and glaciers of the inner Himalayan parts has attracted many geoscien-
tists over the last four decades. But little work has been done so far to assess the 
impact of climate change and its impact on the size reduction of glaciers as well as 
on the human health in the surrounding settlement areas of the glaciers. Their chap-
ter is a revelation and discussion on the present pattern of retreat of the major gla-
ciers in the southeast facing slopes of Kanchenjunga in the Sikkim Himalaya under 
the present state of global warming. Survey conducted by the authors in the three 
settlement areas in this western part of the Sikkim Himalaya on human health sta-
tus, based on random sampling, shows that incidences of some particular diseases, 
like skin problems and asthma, which were rare earlier are spreading signifi cantly 
among the inhabitants in this part of the Sikkim Himalaya. 

 R.C. Dhiman describes in Chap.   6     the situation of malaria and dengue in India. 
The latest trend of malaria indicates that with the introduction of rapid diagnostic 
kits, combination therapy for treatment and long-lasting insecticidal nets for pre-
vention from mosquito bites from 2005 to 2009, cases have been reduced to around 
50 % since 2001, and many states are qualifi ed for malaria pre elimination phase. On 
the other hand, the spatial and temporal distribution of dengue is increasing gradu-
ally. According to Dhiman, overall, there has been about 10 times increase in inci-
dence and about four times death due to dengue in 2012 against the data of 2007. 
Further efforts should be directed to understand the dynamics of asymptomatic 
malaria in hard-core malarias areas, to ensure compliance to treatment and intensi-
fi ed intervention measures and to demonstrate malaria elimination in areas which 
are in pre elimination phase. 
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 The author suggests that dengue prevention warrants improvement in water sup-
ply and awareness of communities about prevention of breeding of  Aedes  mosqui-
toes and seeking health facility in time. Chapter   7     is the outcome of instigated 
thought by several studies on urbanization and prevalence of vector-borne disease in 
tropical areas. It is envisaged and hypothesised by Rais Akhtar and colleagues to 
fi nd if any correlation exists between urbanization process, heat island generated 
due to urbanization (e.g. higher density of roads network, buildings and traffi c) in 
the urban areas and the outbreak of vector-borne disease like malaria and dengue. 
This chapter primarily looked into the temporal data of all metropolitan cities and 
found that there is an increased incidence of dengue outbreak in all metropolitan 
cities. According to authors, there is immense variability in the rainfall in Delhi, but 
all other metropolitan cities have been experiencing an average rainfall over the past 
two decades. Review of literature led to construction of hypothesis that there exist a 
close association between urbanization and the increased incidence of dengue out-
break. Regression result shows that there is high possibility between the urbaniza-
tion and disease outbreak. 

 The process of urbanization poses threats and opportunities in the urban environ-
ment. On the one hand, urbanization leads to development, but on the other, as the 
population increases, the land use/cover changes, pollution increases and there is 
alteration of urban heat balance. The combination of heat and pollution acts as a 
major health threat. In Chap.   8    , R. B. Singh and Aakriti Grover, based on primary 
survey, analyse the historical growth and spread of industries in East Delhi. Further, 
the impact of growth of industries on human health in East Delhi is examined. The 
authors examine research articles on land surface temperature, and land use/cover 
change acts as a base to explore the existence of urban heat island in Delhi. The 
study found that the urban environment of Delhi has undergone rapid shift. This 
shift is accompanied with conversion of land use/cover and rise in air pollutants. 
The health hazard in these regions is high and needs urgent attention. 

 Chapter   9     by Bimal Raj Regmi and colleagues aims to understand the human 
health dimensions of climate change in Nepal. A case study approach was used to 
describe and quantify the association between climate factors and reported cases of 
typhoid and other health related hazards in Nepal along with their impacts and 
implications. The research fi ndings show that diseases and health related hazards 
have increased in the country. There is an association between the incidence of 
climate sensitive diseases and changes in temperature and precipitation trends. The 
study data suggests that climate change is likely to have impacts on the health sector 
in Nepal. However, current adaptation policies, strategies and response measures in 
this sector are insuffi cient to address such impacts. The lack of response measures 
has resulted in increased risk and vulnerability among the poor and marginalised 
communities living in both rural and urban areas of Nepal. There is an urgent need 
to devise policies and strategies to fi ll the existing information and knowledge gaps 
and implement an integrated approach for better health planning and research in 
Nepal and to develop long term mechanisms of addressing health issues and chal-
lenges in urban and rural areas. 
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 S. Siva Raju and Smita Bammidi suggest in Chap.   10     that the two major global 
drivers of change in the twenty-fi rst century – global warming and population age-
ing – will have points of both convergence and of confl ict. From the experiences of 
the developed countries that have faced them fi rst, we realise that these will operate 
within different frameworks and need to be addressed at various levels, sizes, densi-
ties, structures and functions. In South and Southeast Asian countries, capital cities 
like Mumbai have populations above fi ve million and are still growing. Moreover, 
urbanization and globalisation are two processes that catalysed climate change and 
brought in further social complications for the phenomenon of population ageing. A 
large number of older persons now inhabit cities, and their fi nancial and social sup-
ports are dwindling. They will face serious implications due to the rising rate of 
urbanization, the proximity to the coast that enhances their vulnerability to weather/
climate risks and the solutions to which are energy-driven (automobiles, elevators, 
air conditioning). As climate change poses health, social and economic risks for 
older persons, discussion of population ageing vis-a-vis climate change will focus 
on ensuring and promotion of health and quality of life of the older persons by 
modifying their built or external environments and other psychosocial interven-
tions. In order to gain an understanding on the effects of climate change for older 
persons in context of their rising numbers and urbanization, to identify/map the 
risks or costs involved, initiate possible interventions, discuss policy support and to 
estimate the opportunities and challenges that may arise, efforts for research based 
knowledge in this emerging fi eld are imminent. 

 Excessive heat and fl ooding are extreme weather events associated with climate 
change, and they pose serious threats to global health. Uma Langkulsen and Desire 
Rwodzi, in the Chap.   11    , reviewed literature and assess the effect of heat on human 
health among the Thai population. Their review showed that previous studies 
focused on mortality, especially among the elderly or persons with pre-existing ill-
nesses, and overlooked the idea that physical labour adds to the heat exposure risks 
via the surplus heat generated due to muscular movements. 

 The authors also assessed the demographic profi les and existing public health 
resources in Bangkok and surrounding provinces as part of the wider project to 
develop a health and climate change adaptation resilience simulator for coastal cit-
ies. This comes following a realisation that recurrent fl ooding makes the Thai capi-
tal, Bangkok, and surrounding areas prone to inundation because of the low-lying 
topography. This had created a need for Thailand to protect its people, natural and 
man-made resources and productive capacities in response to the impact of climate 
change-induced fl oods. 

 Primary and secondary data sources were used to describe demographic charac-
teristics of the population and to assess the adequacy of public health emergency 
resources. The study results showed that the study area falls short of the Southeast 
Asia as well as World Health Organization set standards for health worker densities 
and hospital beds. K. Maudood Elahi in Chap.   12     on Bangladesh asserts that the 
country may experience some of the more severe impacts because of its character-
istic climatic and geographical conditions, coupled with high population density 
and poor health infrastructure. Many of the climatic events would make the climate 
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change-induced health impacts worse as a result of newer environmental threats, 
such as changes in microclimate, erratic climatic behaviour and salinity intrusion in 
soil and water. The chapter identifi es some of the possible direct and indirect impacts 
of climate change on the health condition of Bangladesh. In identifying such impacts 
secondary sources of information have been widely reviewed. It has been seen that 
even though climate change-induced health impacts have been gaining importance 
in Bangladesh, there is still a lack of research and capacity in this fi eld and its ever- 
increasing level of vulnerability of the people. The linkage between climate change 
and the increased incidence of disease, rate of mortality and availability of safe 
water has not yet received the proper focus it requires. 

 Budi Haryanto in Chap.   13     indicates that climate change is a serious challenge 
currently facing Indonesia, as the impacts are already happening. Indonesia’s geo-
graphic and geological characteristics are also easily affected by climate change, 
natural disasters (earthquakes and tsunamis) and extreme weather (long drought and 
fl oods). Its urban areas also have high pollution levels. Much evidence can be seen, 
ranging from an increase in global temperature, variable season changes, extremely 
long droughts, high incidence of forest fi res and crop failures. This chapter describes 
some evidences of climate change in Indonesia to weather disasters such as fl oods, 
landslides and drought; burden of vector-borne diseases; air pollution from trans-
portation and forest fi res; and re emerging and newly emerging diseases. To respond 
to its negative impacts to human, the health adaptation strategy and efforts under-
taken in Indonesia nowadays include: to increase awareness of health consequences 
of climate change; to strengthen the capacity of health systems to provide protection 
from climate related risks and substantially reduce the health system’s greenhouse 
gas (GHG) emissions; and to ensure that health concerns are addressed in decisions 
to reduce risks from climate change in other key sectors. 

 The local, regional or global climatic conditions may alter atmospheric composi-
tions and chemical processes and are implicated in increasing frequencies of 
extreme temperature and precipitation, which can also be intensifi ed through vary-
ing urbanization, economic development and human activities. In Chap.   14     on 
Taiwan, Huey Jen Su and colleagues speculate that adverse health consequences 
related to such exposures are often of primary concerns for their immediate and 
sustaining impacts on the general welfares. The authors suggest that higher cardio-
vascular or respiratory mortality appears to derive more from low temperature than 
does from the exposure to high temperature for the general population. Rural resi-
dents are less affected than urban dwellers under extreme temperature events if 
cardiovascular or respiratory mortality is benchmarked. Towns and villages with a 
high percentage of the elderly living alone, the senior and the disabled people and 
the aborigines will present a higher mortality associated with extreme temperature. 
Extreme rainfall events may also interrupt the chain of food supply and life support 
and lead to reporting malnutrition of people in affected regions. In addition, con-
taminated water sources for drinking and recreation purposes, due mostly to fl ood-
ing after extreme precipitation, are known to be associated with disease outbreak 
and epidemics. 
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 Malaysia, located in Southeast Asia, has a tropical climate and abundant rainfall 
(2000–4000 mm annually). In Chap.   15     on Malaysia Mohammed AM Alhoot and 
colleagues argue that the country faces weather related disasters such as fl oods, 
landslides and tropical storm attributed to the cyclical monsoon seasons, which 
causes heavy and regular downpours. Storms, fl oods and droughts lead to the rise 
and emergence of climate sensitive diseases due to the contamination of water, envi-
ronment and creation of breeding sites for disease-carrying vector mosquitoes. The 
authors suggest that the effect of climate change on health is an area of substantial 
concern in Malaysia. This chapter examines the trends of six prominent climate- 
sensitive diseases in Malaysia, namely, cholera, typhoid, hepatitis A, malaria, den-
gue and chikungunya followed by the environmental and public health policies, 
programmes and plans to battle the impact on health from the climate change. 

 Extreme weather events, such as heavy rainfall, would be possible to damage the 
habitats of  Aedes  mosquitoes and also benefi cial to construct them with lag time of 
several weeks. The role of extreme weather events in dengue transmission is studied 
by Tzai Hung Wen and colleagues in Chap.   16     who observe that effects of climate 
change on human health become increasingly a growing concern. Especially, the 
worldwide risk of vector-borne diseases, such as dengue fever, could be strongly 
infl uenced by meteorological conditions. Taiwan is unique in terms of its geograph-
ical location and abundant ecological environments. It makes Taiwan an unusual 
epidemic region for dengue disease. This chapter focuses on risk factors related to 
climate change and geographic characteristics which have been shown to affect 
dengue transmission in Taiwan. Empirical studies all concluded that the relationship 
between temperature and dengue incidence is highly correlated. Some studies also 
concluded that temperature increase has more dramatic infl uence to dengue inci-
dences in southern Taiwan. However, authors suggest that the effects of other mete-
orological factors, including precipitation and humidity, on dengue incidence are 
rather inconsistent and need to be further investigated. Further studies should also 
put more focus on the extent of infl uence of meteorological conditions on human 
activities and what activity changes may increase or decrease the risk of dengue 
transmission.  

     New Delhi, Aligarh     Rais     Akhtar     
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    Chapter 1   
 Climate Change and Geoecology of South 
and Southeast Asia: An Introduction       

       Rais     Akhtar    

    Abstract     Climate change is projected to impact human health in many ways 
including changes in water availability and quality, air quality and sanitation, avail-
ability and access to food and nutrition and transmission of vector-borne diseases. 
Environmental consequences of climate change, such as extreme heat waves, rising 
sea levels, changes in precipitation resulting in fl ooding and droughts, intense hur-
ricanes (cyclones, typhoons) and degraded air quality, can affect directly and indi-
rectly the physical, social and psychological health of humans. Climate change and 
human health have emerged as an important focus of research in the World Health 
Organization since 2008. However, the First International Conference on Health 
and Climate organised by the WHO in August 2014 in Geneva recognises the rele-
vance of the impact of climate change on human health from a global-change and 
health perspective. This chapter also highlights policies of the United States, China 
and India towards GHG emission reduction and the successful climate agreement in 
Paris in December 2015.  

  Keywords     Vector-borne diseases   •   Katrina hurricane   •   GHG emissions   •   Heat 
wave   •   USA   •   China   •   India   •   Paris climate agreement  

   Climate change represents a range of environmental hazards and will affect popula-
tions wherever the current burden of climate-sensitive disease is high – such as the 
urban poor in low- and middle-income countries and landless farming communities. 
Understanding the current impact of weather and climate variability on the health of 
populations is the fi rst step towards assessing the future impact. 

 Nevertheless climate change has been occurring and impacting human health 
and welfare across the globe – both in the developed and developing regions. Its 
impact was experienced mainly in the last one and a half decades. The 2003 heat 
wave in Western and Central Europe that killed nearly 70,000 people in 2 weeks 
time in the month of August, Hurricane Katrina disaster that devastated southern 

        R.   Akhtar      (*) 
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USA in 2005 and Hurricane Sandy in 2012; fl ooding and landslides in the United 
States and United Kingdom and bushfi re in Australia and California in 2014 are 
examples which show that even developed countries are vulnerable to climate 
change impact (Akhtar  2014 ). It has also been predicted that the frequency of severe 
fl ooding across Europe will double by 2050 (Cannor  2014 ). 

 In the context of the United Kingdom, in a recent issue of  The Lancet Infectious 
Diseases  journal, scientists from the emergency response department of Public 
Health England suggest that mosquitoes and ticks are known to be highly respon-
sive to changes in temperature and rainfall. Based on climate modelling, the report 
asserts that warmer temperatures in the United Kingdom in the future could provide 
ideal conditions for the Asian tiger mosquito ( Aedes albopictus ), which spreads the 
viruses that cause dengue and chikungunya. However, changes in vector distribu-
tions are being driven by climatic changes and changes in land use, infrastructure 
and environment (Medlock and Leach  2015 ). 

 We are aware about the scientifi c explanations that climate change occurs 
because excessive amount of greenhouse gases were emitted into the atmosphere 
due to human activity. Human infl uence on the climate system is clear, and recent 
anthropogenic emissions of greenhouse gases are the highest in history. The Earth’s 
atmosphere has already been warmed by 0.85 °C from 1880 to 2012. Recent climate 
changes have had widespread impact on human and natural systems (IPCC  2014 ). 

 In order to effectively address climate change, we must signifi cantly reduce the 
amount of heat-trapping emissions we are putting into the atmosphere. We should there-
fore delve briefl y into the policies towards reducing GHG emissions in the United States, 
China and India before the Paris Climate Agreement in December, 2015 was signed. 

1.1     US Position 

 Contrary to President George W. Bush, the Obama Administration has focussed on 
the links between climate changes and human. This follows recent, salutary experi-
ences including a variety of severe natural disasters, e.g., Hurricanes Katrina and 
Sandy, fl ooding, landslides, forest fi res (in California) and drought. George Luber, 
head of the Climate and Health Programme of the US Centers for Disease Control 
and Prevention, has been central to this rising awareness in the United States. Luber 
claims that the climate change has extended the pollen season in some parts of the 
country by as much as 26 days, increasing the risk of allergy and asthma attacks. It 
has also contributed to heavier rainfalls, which can jeopardise drinking water qual-
ity. “Climate change isn’t just about polar bears and penguins or impacts distant in 
time”, Luber told  The Lancet . He went on to explain that these impacts affect our 
communities and people’s health, so “putting the human dimension on climate 
change is vital not only for understanding threat we face but also for encouraging 
action” (Jaffe  2015 ). 

 A study by Jonathan Patz and his colleagues that analysed data based on climate 
models and future projections reveals that “by 2050, many US cities may experi-
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ence more frequent extreme hot days. For example New York and Milwaukee may 
have three times their current average number days hotter than 32 °C” (Patz et al. 
 2014 ).  

1.2     Perspectives from India and China 

 Developing countries in general and India in particular face challenges to accelerate 
the pace of socioeconomic development and minimise inequalities, exacerbated 
during the colonial period. However, even after independence, inequalities in India 
have risen. India is in dire need of energy (per capita electricity consumption in 
India is 618 KW and in the United States 14,240) to enable infrastructure develop-
ment. But there are also gross global inequalities. Most developing countries, 
including India, have the lowest per capita CO2 emission (1.2 t per capita in India 
compared to 20.6 t in the United States), as well as the low gross domestic product 
(GDP) per capita. Despite this, major developed nations insist that developing 
nations reduce their greenhouse gas emissions, fundamental to their socioeconomic 
development. However, under the Kyoto Protocol, the principle of “common but 
differentiated responsibility” was considered as fundamental for future emission 
negotiations. This will promote equity and human development by expanding 
access to energy demand of developing countries (Akhtar  2010 ). India’s offi cial 
thinking on climate change is derived from a policy advanced by Manmohan Singh, 
who served as the country’s prime minister until 2014. In 2007, he declared at a G20 
summit in Germany that India’s per capita emissions will never exceed the average 
per capita emissions for developed countries. Right now, that gives India quite a bit 
of elbow room. If the United States and the European Union are able to attain the 
cuts they are now talking of, India’s leeway shrinks; though some in the Indian gov-
ernment believe that even then the country could continue to increase its emissions 
for 15 or 20 years beyond the 2030 cap China has agreed to and still fall below the 
developed world’s per capita average. 

 Emission cuts, at the moment, do not seem to be an Indian policy priority. But 
there is a new Prime Minister, Narendra Modi, and a new environmental minister, 
Prakash Javadekar. Is there a new emphasis? It would seem not, judging from a 
recent interview given to The New York Times after the September 2014 UN 
Climate Summit in New York: Prakash Javadekar said, “The moral principle of 
historic responsibility cannot be washed away” (Devenport  2014 ). This means that 
developed economies, chiefl y the United States, which spent the last century build-
ing their economies while pumping warming emissions into the atmosphere, bear 
the greatest responsibility for cutting pollution. India’s Minister further clarifi ed 
that government agencies in New Delhi were preparing plans for India’s domestic 
actions on climate change, but he said they would lead only to a lower rate of 
increase in carbon emissions. It would be at least 30 years, he said, before India 
would likely see a downturn.  
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1.3     China’s Position 

 China’s choking air pollution, including notorious smog levels in Beijing, has 
become a major problem in the country and poses a threat to Chinese public health. 
Coal combustion generates particulate matter also known as “PM”. Currently 
Beijing is suffering from PM2.5. China now produces more pollutants than any 
other nation on earth, and 66 of the country’s 74 largest cities still fall far short of 
the government’s air quality standards (Larmer  2015 ). 

 Nevertheless, the Chinese government argued that the priorities of developing 
countries fi rst and foremost are economic development and poverty reduction and 
that the international community should accommodate these growth needs. Offi cials 
have also often noted that although China is now the largest total emitter of GHG, it 
is not yet the largest in terms of historical cumulative emissions or per capita emis-
sions (far from it in the latter case). After all, most developed countries undertook 
pollution-intensive industrialization during the nineteenth and twentieth centuries 
that resulted in large cumulative historical emissions (  http://www.gov.cn/2011lh/
content_1825838.htm    ). 

 Despite China’s argument, its own domestic compulsions and international pres-
sure are as follows: “the Chinese government proposed a carbon intensity reduction 
target for the fi rst time in the 12th Five Year Plan. The attitude of Chinese policy-
makers toward climate change policy recently underwent a radical change, from 
having no explicit climate change policies to a Presidential commitment to reduce 
carbon intensity. need to control total energy consumption, and to gradually estab-
lish a carbon market. We posit that the motivation for this radical shift can be attrib-
uted to rising concerns about the projected impacts of climate change in China, and 
also the government’s recognition that China’s traditional development model is 
unsustainable, not only environmentally, but also from the standpoint of social and 
economic development. The Chinese central government has been searching for 
mechanisms to transform China’s development trajectory, and climate change pol-
icy represents a new and justifi able tool that can help the government transform 
economic development in China, especially because climate policy can be used as a 
new central government instrument to guide and control the behaviour of local gov-
ernments” (Xiaowei and Gallagher  2014 ). 

  Earlier in a secret negotiated climate deal, the United States and China unveiled 
a commitment to reduce their GHG output, with China agreeing to cap emissions 
for the fi rst time and the United States committing to deep reductions by 2025. 
These pledges struck between US President Barack Obama and his Chinese coun-
terpart, Xi Jingping, provide an important boost to international efforts to reach a 
global deal on reducing emissions beyond 2020 at the UN meeting in Paris this year. 
China, now the world’s biggest GHG emitter, has agreed to cap its output by 2030. 
Previously China had only pledged to slow its rapid emission growth rate. Now it 
has also agreed to increase its use of energy from zero-emission sources to 20 % by 
2030 (The Guardian  2014 ). 

 After having discussed the GHG emission policies of USA, China and India to 
combat climate change impacts, it is heartening to see the successful negotiations 
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reached at the Paris Climate Summit on 12th of December, 2015. According to the 
UNFCCC, the Paris Agreement aims to combat climate change and unleash actions 
and investment towards a low carbon, resilient and sustainable future was agreed by 
195 nations. This Agreement “underwrites adequate support to developing nations 
and establishes a global goal to signifi cantly strengthen adaptation to climate change 
through support and international cooperation. The Paris Agreement’s major objec-
tive is to keep a global temperature rise within 21st century well below 2 ° Celsius 
and to drive efforts to limit the temperature increase even further to 1.50 ° Celsius 
above pre-industrial levels.”   http://unfccc.int       

1.4     Climate Change and Human Health 

 Climate change and human health have emerged as an important focus of research 
in the World Health Organization since 2008. However, the First International 
Conference on Health and Climate organised by the WHO in August 2014 in 
Geneva pinpoints the relevance of the impact of climate change on human health 
from a global-change and health perspective (Neira  2014 ). 

 Climate change may affect health through a variety of pathways. These include 
the effects of an increased frequency and intensity of heat waves, a reduction in 
cold-related deaths, more frequent and more intense fl oods and droughts, changes 
in the distribution of vector-borne diseases and risk of disasters and malnutrition 
(Haines, 2014, Personal communication). In another study, Andy Haines and col-
leagues warned that the Representative Concentration Pathways (RCP 8.5) assume 
that present trends of relatively unrestrained use of fossil fuels and high population 
growth will continue. According to this emission pathway, by 2100 the global aver-
age temperature will probably be more than 4 °C above preindustrial levels with 
higher average temperatures over lands (Haines et al.  2014 ). The IPCC Fifth 
Assessment Report, the Chapter on Human Health, affi rms with very high confi -
dence that the health of human population is sensitive to shifts in weather patterns 
and other aspects of climate change. The Chapter also projects (1) greater risks of 
injury, disease and death due to more intense heat waves and fi res (very high confi -
dence); (2) increased risks of food and waterborne diseases (very high confi dence) 
and (3) increased risk of undernutrition resulting from diminished food production 
in poor regions (high confi dence) (Smith et al.  2014 ).  

1.5     South and Southeast Asia 

 The scenario for climate change in South and Southeast Asia has been a major focus 
in the most recent Fifth IPCC Assessment. These scenarios indicate warming trends 
and increasing temperature extremes consistent with those observed across most of 
the Asian region over the past century (high confi dence) (IPCC  2014 ). 
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http://unfccc.int


6

 The Fourth IPCC Assessment Report had stated that climate change, in particu-
lar via increased fl oods and droughts, is expected to have severe impacts on South 
Asian countries, whose economies rely heavily on agriculture, natural resources and 
forestry and fi shery sectors. About 65 % of the population of South Asia live in rural 
areas and 75 % of them are poor, vulnerable and at risk of harm from climate change. 
Risks include changes in the intensity of rainfall and a possible alteration to South 
Asian monsoon pattern due to El Niño effects. Higher temperatures also increase 
the vulnerability of humans (including labourers), crops and stock. 

 Recently unprecedented rainfall and hailstorms in late March–April 2015 in 
northern India have added to the concern that climate change will exacerbate 
extreme events. These storms caused extensive crop damage, in turn contributing to 
a number of farmers committing suicides. Sharp increases in food prices were also 
noted. Densely populated low-lying mega-deltas in South Asia are another area 
identifi ed as a particular risk ( IFAD no date ). A paper by Ronald Fuchs asserts that 
“Asia’s coastal megacities are increasingly vulnerable to fl ooding disasters resulting 
from the combined effects of climate change (manifested .as sea level rise, intensi-
fi ed storms, and storm surges), land subsidence, and rapid urban growth” (Fuchs 
 2010 ). 

 Climate change is most likely to impact one of South Asia’s most precious 
resources: water. Per capita water availability is already under intense pressure, hav-
ing fallen by 70% since 1950, due to rapid population growth and urbanization 
(ADB  2012 –2013).

  India’s water crisis has multiple causes, including poor or even no government planning, 
corporate privatisation, industrial and human waste (impairing quality as well as quantity) 
and government corruption. These pressures that are magnifi ed by overall population 
increase are expected to rise to 1.7 billion by 2050. In turn high birth rates are contributed 
by poverty and low literacy rates, along with ongoing discrimination against women and 
girls. South Asia’s water scarcity is mirrored globally and could lead to future international 
political confl ict. India is not immune from these risks (Snyder  2015 ). 

   In South Asia, home to nearly 1.7 billion people, cities are already feeling the 
pressure of population growth and urbanization. It is estimated that 22 of 32 major 
Indian cities already face daily water shortages. In Nepal’s capital, Kathmandu, 
many local residents have grown accustomed to waiting in queues for hours to 
obtain drinking water from the city’s ancient, stone waterspouts. In Karachi, 
Pakistan, electricity and water shortages have led to protests and citywide unrest 
(Surie  2015 ). 

 In South Asia, availability of fresh water is highly seasonal, with about 75 % of 
the annual rainfall occurring during the monsoon months. Climate change threatens 
water supplies by higher temperatures, changes in river regimes and a greater inci-
dence of coastal fl ooding. Water availability is expected to decrease dramatically 
especially in the dry season (Langton and Prasai  2012 ). 

 Focussing on Southeast Asia, Yusuf and Francisco combined data on spatial dis-
tribution of various climate-related hazards (cyclones/typhoons, droughts, land-
slides, sea level rise) with two human indicators (population density and adaptive 
capacity) to analyse 530 subnational areas in seven Southeast Asian countries 
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(Indonesia, Thailand, Vietnam, Lao PDR, Cambodia, Malaysia and the Philippines). 
Based on this mapping assessment, they identifi ed all parts of the Philippines, the 
Mekong River Delta in Vietnam, almost all of Cambodia, North and East Lao PDR, 
Bangkok (Thailand), West and South Sumatra and West and East Java (Indonesia) 
as the most vulnerable regions (Yusuf and Francisco  2009 ). Both South and 
Southeast Asian countries are vulnerable due to fl oods, with the region experiencing 
the largest number of events (1171) during 1980–2008, followed by storms (930 
events). The data from UNISDR show that Bangladesh suffered the most with epi-
demics and pandemics, with 1500,000 people affected in 1991 followed by 
Indonesia. 

 Coker and his colleagues have identifi ed that Southeast Asia is a “hotspot” for 
emerging infectious diseases, including drug-resistant pathogens and some with 
pandemic potential. Some of these infections have already exacted a heavy public 
health and economic toll, including severe acute respiratory syndrome (SARS) that 
rapidly decimated the region’s tourist industry. Infl uenza A (H5N1) has been par-
ticularly problematic in Southeast Asia and has had a profound effect on the poultry 
industry. The authors further assert that:

  The regional challenges in control of emerging infectious diseases are formidable and range 
from infl uencing the factors that drive disease emergence, to making surveillance systems 
fi t for purpose, and ensuring that regional governance mechanisms work effectively to 
improve control interventions. (Coker et al.  2011 ) 

   Thus disease ecological scenario in the South and Southeast Asian region (except 
Singapore) is highly vulnerable. This vulnerability has acquired a serious propor-
tion when we consider the latest IPCC Fifth Assessment Report ( 2014 ) on Asia. The 
Report highlights that warming trends and increasing extreme temperature are exac-
erbated by coastal and marine systems that are under increasing stress from both 
climatic and nonclimatic driver. The geography of large coastal areas here also 
makes South and Southeast Asia two of the many places around the world that are 
susceptible to several different kinds of infectious diseases. Water scarcity is also a 
major challenge for most of the regions because of rapid and unplanned urbaniza-
tion, industrialization and select regional economic development by climate change. 
In addition extreme climate events will have an increasing impact on human health. 
Frequent and intense heat waves in Asia will increase mortality and morbidity in 
vulnerable groups. Increase in heavy rain and temperature will increase the risk of 
diarrheal diseases, dengue fever and malaria. Increases in fl oods (as occurred in 
Pakistan in 2010 and in Thailand in 2011 and drought in India in 2009) will 
 exacerbate rural poverty in parts of the South and Southeast Asian region due to 
impaired crop production. 

 The Asian Development Report (2012–2013) has reviewed human health vulner-
ability in South and Southeast Asia, a region undergoing the epidemiological transi-
tion with both communicable and noncommunicable diseases on rise. The Report 
found that infectious and parasitic diseases comprise 13.9% of total mortality, fol-
lowed by respiratory diseases with 11.5% of total deaths. To sum up, there are 
widespread regional inequalities in the health effects of exposures related to water, 
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sanitation, hygiene and those caused by vectors, food and air pollution. The chal-
lenge from the climate and health perspective is to devise mitigation and adaptation 
policies that can lower these risks. 

 The Asian Development Bank, however, highlights the progress made towards 
achieving the Millennium Development Goals in South and Southeast Asian coun-
tries. Among 13 indicators, South Asian countries experienced slow progress for 
poverty reduction, reduced maternal mortality, under 5 and infant mortality, and 
basic sanitation. There has been no progress on the reduction of CO2 emissions nor 
tuberculosis incidence (ADB  2012 –2013). The ADB quoted the IPCC on disaster 
risk and climate adaptation, concluding that there is a need for smarter development 
and economic policies, with a focus on disaster risk reduction and adaptation. The 
report highlights that “Climate change can undermine both food security and liveli-
hoods It can depress agricultural productivity and increase food insecurity and mal-
nutrition, particularly in children. It can also increase vector-borne diseases, 
multiplying the disease burden” (ADB  2012 –2013). 

 According to the ADB, there will also be huge economic costs from unmitigated 
climate change. The Bank estimates that in Southeast Asia, the economic cost of 
climate change could be as high as 6.7 % of GDP per year by 2100. This is more 
than twice the world average (ADB  2012 –2013) 

 An alternative conceptual framework is to consider the health problems of cli-
mate change in South and Southeast Asia (and elsewhere) as having three path-
ways – “primary”, “secondary” and “tertiary”. In this model, primary effects are 
considered the most causally direct impacts of climate change on health. They 
include increased mortality during heat waves as what repeatedly occurred in India 
and elsewhere in South Asia. In the month of May 2015 alone, more than 1200 
people died due to heat wave mainly in southeastern states of Telangana and Andhra 
Pradesh, as well as in northern India (TOI  2015 ). The effects of “natural” disasters 
such as fl ooding, hailstorms, droughts and severe cyclones, all of which are argu-
ably worsened by climate change (including sea level rise in coastal regions), are 
also considered “primary” in this conceptualization. “Secondary” effects include 
via ecological changes that alter the epidemiology of some infectious diseases and 
chronic diseases, for example, the 1994 malaria outbreak in the Rajasthan desert 
following from extremely heavy rainfall and fl ooding (Akhtar and McMichael 
 1996 ). The health impact of allergens and air pollution, each of which interacts with 
climate change, can also be considered secondary effects. Tertiary effects refer to 
large-scale events with complex, multidimensional causation, including migration, 
famine and confl ict. Unfortunately, all three forms of tertiary health effects are seen 
in countries of the region (Singh et al.  2015 ). Heat stress, on a suffi cient scale, could 
also be called a tertiary effect. 

 In summary, if left unchecked, there is the likelihood of severe, pervasive and 
irreversible impacts of climate change on people and ecosystems. The global sci-
entifi c community is making an increasingly impassioned appeal to the world’s 
policymakers to combat what is now recognised as the challenge of our times 
(IPCC  2014 ). 
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 The present book comprises studies on South and Southeast Asian countries in 
general with major focus on India, Nepal, Bangladesh, Indonesia, Malaysia, 
Thailand and Taiwan. This book is aimed at presenting a regional analysis pertain-
ing to climate change and human health, focusing on climate change adaptation 
strategies in geographically and socioeconomically varied countries of South and 
Southeast Asia.     
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    Chapter 2   
 Climate Change, Health and Future 
Well- Being in South Asia       

       Manpreet     Singh     ,     Mala     Rao     , and     Colin     D.     Butler    

    Abstract     About one fi fth of the world’s population live in South Asia. There are 
many reasons to be concerned about the impacts of climate change on this region, 
many parts of which experience apparently intractable poverty. The health problems 
caused by climate change in South Asia have been conceptualised here as three tiers 
of linked effects. In this framework, primary health effects are considered the most 
causally direct impacts of climate change. They include increased mortality and 
morbidity during heatwaves and ‘natural’ disasters worsened by climate change. 
Secondary effects include those resulting from ecological changes that alter the 
epidemiology of some infectious and chronic diseases. Tertiary effects refer to 
impacts on health of large-scale events with complex, multidimensional economic 
and political causation, including migration, famine and confl ict. 

 Urgent action, both preventive and adaptive, is needed. India, an emerging great 
power, and the dominant nation in South Asia, must lead urgent and intense engage-
ment with this overarching issue. Transformation of its energy system would 
improve population health, constitute regional leadership and be signifi cant at the 
global level.  
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2.1       Introduction 

 South Asia, defi ned geographically as the region of Asia that includes Afghanistan, 
Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan and Sri Lanka, holds 1.6 bil-
lion people, almost one quarter of the world’s current population. Recent population 
projections suggest that by 2050, the population of South Asia will approximate or 
exceed 2.2 billion people (International Institute for Applied Systems Analysis 
 2012 ). Despite the perception of global economic growth and rising prosperity, 
45 % of the world’s poor people (living at or below $2 a day) reside in South Asia; 
over one third of the world’s poor lives in India alone (Sumner  2012 ). 

 Scenarios describing the effects of climate change are detailed elsewhere in this 
book, but the most recent estimates, detailed in the Intergovernmental Panel on 
Climate Change’s (IPCC) fi fth assessment report, suggest that by 2100:

•    Global mean surface temperatures are likely to rise by between 1.4 and 5.5 °C, 
compared to the average temperature between 1850 and 1900. Already the world 
has warmed by about 0.85 °C compared to that baseline (IPCC  2013 ).  

•   Extreme rainfall events are very likely to become more intense and more fre-
quent in tropical regions (IPCC  2013 ).  

•   The sea level is likely to rise by between 0.26 and 0.82 m (depending on the 
scenario) compared to the period 1986–2005 (IPCC  2013 ).    

 Data on the predicted impacts of climate change in South Asia are limited. The 
IPCC models suggest that there is likely to be an increase in mean temperatures in 
South Asia – this represents both an increase in winter temperatures and an increase 
in the frequency of extremely hot days and nights during the summer. Rainfall pat-
terns are also likely to change: models suggest an increase in the frequency of extreme 
precipitation events, but an overall decrease in mean annual rainfall (IPCC  2013 ). 

 As the impact of climate change deepens, the people of South Asia are vulnerable 
due to a combination of factors. These include aspects of the region’s physical and 
human geography, including high population densities, large areas lying close to sea 
level (particularly in the Maldives and coastal Bangladesh, including the Sundarbans, 
the delta which extends into India) and agricultural dependence on major rivers, fed 
by Himalayan glaciers vulnerable to melt. This vulnerability is exacerbated by high 
levels of poverty and income inequality and by poorly functioning national institu-
tions and governance structures. It is important to recognise that the human toll from 
the increased disasters expected from climate change can be reduced by good gover-
nance and large-scale cooperation. In South Asia, the response to some disasters has 
greatly improved. For example, in Bangladesh in 1970 Cyclone Bhola (a category 3 
storm, a classifi cation in which the strongest category, a measure of maximum wind 
speed, is 5) killed at least 300,000 people (Cash et al  2013 ), but category 4 Cyclone 
Sidr in 2007 caused fewer than 3,500 deaths (Paul  2010 ). However, other governance 
structures remain weak, as shown by the belated and inequitable response to the 2005 
earthquake in Pakistan (Yasir  2009 ). 
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2.1.1     Primary, Secondary and Tertiary Effects 

 The health impacts of climate change can be conceptualised in many ways. This 
chapter uses a framework that groups these impacts into ‘primary’, ‘secondary’ and 
‘tertiary’ effects (Butler and Harley  2010 ; Butler  2014a ,  b ). Primary effects are the 
most direct and obvious; these include changes in mortality and morbidity due to 
increased heatwaves and also include the most direct effects (e.g. trauma or drown-
ing) of extreme weather events worsened by climate change, such as fl oods or 
cyclones. Secondary health effects are more indirect; they include the impact of 
changes in the ecology and the environment such as in the epidemiology of vector- 
borne diseases (VBDs) or of atopic conditions. Tertiary effects refer to the health 
impacts of complex, large-scale events that occur at a societal level, examples of 
these include confl ict, famine and migration. Tertiary effects also include other 
ways that climate change may affect overall human well-being, for example, by 
impacting on economic growth or by causing extinction of other species (Thomas 
et al.  2004 ; Selwood et al.  2014 ). 

 There is, of course, overlap between the primary, secondary and tertiary effects 
of climate change – this is particularly true during ‘natural’ disasters – where there 
are direct primary health effects (such as death by drowning during fl ooding), but 
also potential secondary and tertiary effects as a result of responses to disasters, 
including diarrhoeal diseases, internal displacement and migration. Furthermore, all 
kinds of effect are mediated by economic, social and governance factors, from the 
presence or absence of heat alerts and storm warning signals to the quality of pri-
mary health care and the capacity of governments to respond to refugee crises. 

 Although high-quality data that specifi cally predict the health impact of climate 
change in South Asia are limited, the primary and secondary health effects have 
been well modelled in the global context. The tertiary effects are undoubtedly 
harder to model and quantify, not least as their causal attribution is so challenging 
and debated. However, we are far from the fi rst health authors to recognise that cli-
mate change, beyond a threshold of warming of perhaps as little as 1.5 °C, may be 
associated with large-scale economic collapse, mass migration and resource scar-
city, with consequences including confl ict (Costello et al.  2009 ; Watts et al.  2015 ; 
King et al.  2015 ). 

 Given the complexity of the climate and of societal responses to climate change, 
the likelihood and timelines of these tertiary effects will be disputed. For example, 
the war in Syria is increasingly recognised as in part caused by climate change 
(Gleick  2014 ; Kelley et al.  2015 ). If so, we could consider it a tertiary effect. The 
risk of these catastrophic outcomes is real and must be taken into consideration in 
cost-benefi t analyses and when planning adaptation responses (Weitzman  2009 ). 
Avoiding a ‘catastrophic’ outcome is also central to the most recent Lancet commis-
sion on climate change (Watts et al.  2015 ).  
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2.1.2     The Position of the Indian Government on Climate 
Change 

 Genuine global engagement with the issue of climate change will precipitate intense 
attempts to lower carbon emissions and their replacement by alternative paradigms 
that promote genuine and equitable economic growth, at the same time reducing 
pressure on natural resources. However, India has long argued against specifi c emis-
sion reduction targets for countries in the developing world, with the justifi cation 
that climate change is a result of historical emissions from industrial activity in 
developed countries (Ministry of External Affairs  2009 ). It does however need to be 
acknowledged that India has pledged that it will not allow its per capita GHG emis-
sions to exceed the average emissions of the developed world, even as it pursues its 
socio-economic development objectives. But as a regional power and aspiring 
global superpower, India has the potential to divest itself from the carbon-intensive 
development pathways of industrialisation and urbanization pursued by the devel-
oped world and, instead, adopt an alternative path, especially involving large-scale 
provision of renewable energy. This will not only benefi t population health in India 
but create a vision for other developing countries, by allowing populations to lower 
the rate of climate change increase and, at the same time, continue on a path towards 
socio-economic growth, and for societies to adapt in ways that will minimise 
adverse health impacts. 

 India is a largely vegetarian society. As the carbon footprint of meat is so high, 
Indians can also make an important contribution to slowing the rate of climate 
change through maintenance of this ancient tradition (McMichael et al.  2007 ). On 
the other hand, many people in South Asia are defi cient in zinc and iron and may 
benefi t from more animal products in their diet. But they will also benefi t from 
improved sanitation, handwashing and the treatment and prevention of parasitic 
conditions, such as of hookworm.   

2.2     Primary Health Effects in South Asia 

 As mentioned, these include health impacts as a result of changes in temperature 
and exposure to ‘natural’ disasters, such as forest fi res, fl oods and storms. 

2.2.1     Changes in Temperature 

 Climate change in South Asia is predicted to lead to an increase in the frequency and 
duration of summer heatwaves, but also an increase in mean winter temperatures 
(IPCC  2013 ). The overall direct impact on health may be mixed – warmer winter tem-
peratures may lower mortality and morbidity in some areas (Hashizume et al.  2009 ), 
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but heatwaves may also increase illness and mortality. High temperatures cause ill 
health through heatstroke, which can progress to death, and also through an increase in 
the mortality from cardiovascular and respiratory illness (Basu and Samet  2002 ). Some 
other conditions, such as multiple sclerosis, are worsened by heat. Whilst multiple 
sclerosis is uncommon in India, there may be other conditions that are worsened, 
 perhaps, most obviously gastroenteritis. These risks are exacerbated by growing urban-
ization and the urban heat island effect, the phenomenon whereby cities show a higher 
mean temperature than surrounding farmland due to the building materials used and 
human activity within cities. 

 Models assessing the relationship between temperature and mortality in Delhi 
reveal a 3.9 % increase in cardiac and respiratory mortality and 4.3 % increase in 
mortality from all other causes, for every 1 °C rise in temperature (McMichael et al. 
 2008 ). The impact of heatwaves in South Asia has already been documented, such 
as a heatwave in the Indian state of Andhra Pradesh in 2006 that is estimated to have 
killed over 600 people (IPCC  2012 ). Heatwaves in 2015 in India and Pakistan have 
been widely reported in the media as causing over 3,000 deaths. Such media esti-
mates are likely to be conservative, as they are largely based on hospital admissions. 
Many people are likely to have died in these heatwaves before reaching a hospital in 
South Asia. 

 A more recent study found that a heatwave in Ahmedabad, Gujarat, lasting for 
about a week, was associated with an increase in all-cause mortality of 43 % com-
pared to a similar time of the year without a heatwave (Azhar et al.  2014 ). Heatwaves 
disproportionately affect the poorest and most marginalised in a society – the elderly 
(particularly elderly women), manual labourers and those who work outdoors 
(Kovats and Akhtar  2008 ; Kovats and Hajat  2008 ). High temperatures in India con-
sistently above 30–32 °C have been linked with a signifi cant increase in rural mor-
tality thought to be mediated through lower rural incomes, due to lowered crop 
yields (Burgess et al.  2011 ). This could also be conceptualised as a risk factor of a 
tertiary health impact, potentially causing large-scale food insecurity.  

2.2.2     Natural Disasters 

 Models suggest that the frequency of tropical cyclones is unlikely to rise, but that 
their intensity may increase, with more extreme precipitation (IPCC  2013 ). Heavy 
precipitation and tropical cyclones interact with rising sea level to cause primary 
health effects through fl ooding and secondary effects through an increase in diar-
rhoeal disease. Longer-term impacts of tropical cyclone include destruction of farm 
crops and salinisation of coastal soils and water supplies (IPCC  2014a ), leading to 
the tertiary health effects of forced migration and internal displacement. 

 Cyclone Nargis, which killed over 130,000 people in Myanmar (not part of 
South Asia as we have defi ned it, but in close proximity) in 2008, is an example of 
the devastating impact that natural disasters can wreak, particularly in countries that 
are densely populated in coastal regions, with poor-quality building infrastructure 
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and vulnerable populations. The impact of Nargis was exacerbated by seawater 
surges, which led to extensive damage to Myanmar’s rice crop and salinisation of 
land. Over 50,000 acres of previously fertile delta land was temporarily considered 
unfi t for planting (Webster  2008 ).  

2.2.3     Flooding 

 Flooding can be caused by increased precipitation, sea level rise or glacier melt. 
Models suggest that climate change in South Asia is likely to result in longer mon-
soon seasons, with more heavy precipitation (IPCC  2013 ). Sea levels rise as a result 
of thermal expansion of the oceans, melting of ice sheets and loss of glacier mass. 
Models suggest that, by 2100, global sea level is likely to have risen by between 
0.26 and 0.97 m (IPCC  2013 ). Another effect of climate change relevant to South 
Asia is the melting of Himalayan glaciers (IPCC  2013 ). In the short term, this is 
associated with increased water fl ows in the rivers supplied by Himalayan glaciers, 
such as the Ganges and Brahmaputra. Large coastal cities in South Asia (such as 
Mumbai, Dhaka and Chittagong) face risks of fl ooding from sea level rise, from 
rapid increases in river fl ows, and fl ooding caused by blocked, poorly maintained 
drains and sewers overwhelmed by heavy rainfall (Tanner et al.  2009 ). 

 Flooding causes ill health directly, through trauma and drowning. More signifi -
cantly, it harms water and sanitation infrastructure and is associated with increased 
diarrhoeal disease and VBDs (Githeko et al.  2000 ). Urbanization, and rapid popula-
tion growth without suffi cient investment in sanitation infrastructure, has left South 
Asian megacities particularly vulnerable (Kovats and Akhtar  2008 ). Floods already 
pose a major health problem in parts of South Asia: fl ooding in Dhaka in 2004 inun-
dated the whole eastern part of the city; two million people experienced drinking 
water that was more contaminated than normal. Flooding in Dhaka in 1998 is esti-
mated to have resulted in 5,000 excess cases of diarrhoea (Alam and Rabbani  2007 ).   

2.3     Secondary Health Effects in South Asia 

 The secondary effects of climate change on health include how changes in the envi-
ronment and ecology can bring about changes in disease epidemiology. This 
includes increases in water-borne illnesses caused by fl ooding and temperature rise 
and shifts in the geographical distribution of VBDs. Importantly, climate change is 
only one of many factors which shape the incidence and impact of infectious dis-
eases. Non-climatic factors (other than humidity, temperature and rainfall) which 
interact with and which complicate the epidemiology of climate change include 
migration, changes in land use, drug and insecticide resistance and eradication 
efforts (Reiter  2008 ). Furthermore, although climate change is predicted to increase 
transmission windows of malaria overall in South Asia, it will likely reduce it in 
some areas. 
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2.3.1     Diarrhoeal Disease 

 Climate change is likely to result in an increased incidence of diarrhoeal disease in 
South Asia, through two separate mechanisms. The fi rst is that natural disasters 
(particularly fl ooding) can damage water and sanitation infrastructure resulting in 
contamination of drinking water supplies with infective faecal material (ten Veldhuis 
et al.  2010 ). Models suggest that in the WHO South-East Asian Region D (which 
comprises Bangladesh, Bhutan, North Korea, India, Maldives, Myanmar and 
Nepal), there may be an excess incidence of 40 million cases of diarrhoea per year, 
by 2030, as a result of climate change (Ebi  2008 ). 

 Another mechanism is the association of climate change with warmer sea tem-
peratures. Some organisms (e.g. the  Vibrio cholerae  bacteria, which cause cholera) 
are naturally found in coastal water bodies and are concentrated in plankton. Warmer 
sea temperatures are associated with an increased rate of bacterial reproduction and 
are also associated with phytoplankton blooms (Lipp et al.  2002 ). As a result, the 
likelihood of transmission of cholera to humans is increased, either through drink-
ing infected water or through eating shellfi sh which concentrates the organism.  

2.3.2     Leptospirosis 

 Leptospirosis is a bacterial disease, carried by animal hosts, passed to humans 
through direct contact with infected animals or through exposure to the urine of 
infected animals. Several outbreaks of leptospirosis have been associated with 
fl ooding in India, through multiple hypothesised mechanisms, by bringing humans 
in closer contact with the bacteria and its animal hosts, through damage to sanitation 
infrastructure and by increasing rodent populations. In addition, rising temperatures 
mean that spirochaetes (the organisms which cause leptospirosis) can persist longer 
in the environment, also enhancing transmission risk. The incidence of leptospirosis 
is likely to increase in urban megacities, with their poor water and sanitation infra-
structure, and where there are large numbers of animal reservoirs (such as rats) in 
close proximity to humans (Lau et al.  2010 ).  

2.3.3     Vector-Borne Diseases 

 Changes in temperature can affect the rates of reproduction and survival of infectious 
organisms and insect vectors, thus affecting rates of transmission of vector- borne 
diseases and causing diseases to spread to new areas (Patz et al.  2005 ). There are six 
major vector-borne illnesses in South Asia (malaria, dengue, chikungunya, fi lariasis, 
Japanese encephalitis and visceral leishmaniasis). Of these, malaria has the most 
impact, killing over 55,000 people in South Asia in 2010 (Murray et al.  2012 ). 
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 Malaria is transmitted by the  Anopheles  mosquito, an insect vector which is 
highly sensitive to changes in temperature. As climate change results in higher tem-
peratures (and warmer winters), transmission windows are predicted to increase in 
North India, and malaria is predicted to spread to new parts of previously low-risk 
countries, such as Bhutan and Afghanistan. In fact, malaria has already re-emerged 
in parts of North Afghanistan. Climate change is one potential risk factor for this, 
amongst intensifi ed rice growing and insuffi cient chemical vector control (Faulde 
et al.  2007 ). In addition, the development stages of  Anopheles  mosquitoes are highly 
temperature dependent, as is the growth and maturation of the parasite within the 
mosquito. The abundance of potentially infectious mosquitoes increases with 
warmer temperatures, up to a threshold of around 30 °C (Beck-Johnson et al.  2013 ). 
As a result of climate change, malaria transmission is predicted to extend by 2–3 
months in the northern Indian states of Punjab, Haryana and Jammu and Kashmir, 
although its transmission windows will decrease in South India as temperatures 
exceed 40 °C (Dhiman et al.  2010 ). 

 The  Aedes  mosquito, a vector for the virus which causes dengue fever, is simi-
larly sensitive to changes in temperature and humidity. A 2–4 °C rise in temperature 
is predicted to increase dengue transmission windows in North India (Dhiman et al. 
 2010 ); as a result of climate change and population growth, the global population at 
risk of dengue is predicted to rise from 1.5 billion people in 1990 to 4.1 billion 
people by 2055 (Hales et al.  2002 ). 

 Evidence on the effect of climate change on other VBDs is more limited. 
Chikungunya, a viral disease transmitted by insects including the  Aedes  mosquito, 
has recently spread from its origin in Africa to affect parts of Southern India, Sri 
Lanka and Indian Ocean islands, including Reunion, Mauritius, Madagascar and the 
Maldives. Like all VBDs, its aetiology is complex, also involving human mobility 
and even trade, such as of tyres and plants in which vectors or their eggs sometimes 
survive and thus accidentally migrate (Gould and Higgs  2009 ). Similar to dengue, 
as temperatures rise, transmission windows for chikungunya are likely to increase 
in North India (Dhiman et al.  2010 ). Visceral leishmaniasis, a parasitic disease 
spread through a climate-sensitive sandfl y vector, is also re-emerging in parts of 
Nepal and Northern India (Dhiman et al.  2010 ). Whilst this is likely to be princi-
pally due to a lagged resurgence in vector populations following the reduced use of 
insecticides, climate change is a plausible contributing factor.   

2.4     Tertiary Health Effects in South Asia 

 The tertiary effects of climate change occur at the intersection of climate, politics 
and ecology and may include large-scale societal shifts (Butler and Harley  2010 ). 
They do not fi t easily into traditional quantitative models. Whilst the most specula-
tive of the three classes of effect we have used, they may also be the most important, 
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as realisation grows that the interaction between humans and ecosystems must be 
viewed through the lens of interdependent complex adaptive systems, even though 
outcomes can be diffi cult to predict (Folke et al.  2002 ). 

 The complex nature of tertiary effects may lead to a series of positive (reinforc-
ing) feedback loops, with drastic consequences at a population level. Changes in 
temperature and rainfall patterns are likely to harm agriculture and food production. 
Sea level rise, and an increased frequency of extreme precipitation events, may 
worsen fl ooding and land inundation, contributing to forced human migration 
(Bowles et al  2014 ), such as the potential for the Sundarbans population to be com-
pelled to migrate to West Bengal or Bangladesh (Daigle  2015 ). Migration and lim-
ited availability of natural resources may lead to confl ict. Movement of people into 
internally displaced persons’ (IDP) and refugee camps can be associated with local-
ised land degradation, more food insecurity and increased scarcity of natural 
resources. In turn these events can be associated with further confl ict. All of these 
indirect effects are infl uenced by social, economic and demographic pressures, in 
conjunction with climate change (McMichael  2013 ). 

2.4.1     Food Insecurity 

 Energy undernutrition is directly estimated to kill 190,000 people in South Asia 
each year, 50,000 of them under the age of fi ve (Global Burden of Disease  2010 ). 
The indirect effects of chronic undernutrition are much greater, including an 
increased susceptibility to infectious diseases (Rao and Beckingham  2013 ). In 
total, including indirect effects, undernutrition is currently estimated to result in 
almost a million deaths each year of children under the age of fi ve in South Asia 
(Black et al.  2008 ). 

 Existing food insecurity is likely to be exacerbated by climate change, although 
there is a high degree of regional and crop variation. Extreme weather events are 
likely to dramatically reduce access to food, and temperatures above 30 °C have a 
large negative impact on crop yields. By contrast, elevated atmospheric CO 2  is 
likely to improve some crop yields in the short term, although how this interacts 
with other factors, including ocean acidifi cation, is unknown (IPCC  2014b ). In 
South Asia, higher temperatures are predicted to reduce the yield of rice production 
(IPCC  2014b ). This impact is likely to be exacerbated by a reduction in water avail-
ability, as rainfall patterns change and as glacier melt leads to long-term reduction 
in river fl ows, particularly in the Indus and Brahmaputra River basins (IPCC  2013 ; 
Immerzeel et al.  2010 ). Overall, in South Asia, one estimate is that crop yields will 
decrease by 5–30 % by 2050, leading to an additional 5–170 million people at risk 
of undernutrition (Schmidhuber and Tubiello  2007 ). The IPCC projects that by the 
middle of the twenty-fi rst century, the largest number of food-insecure people will 
be located in South Asia, partly caused by reductions in sorghum and wheat yields 
(IPCC  2014b ). 
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 As discussed previously, the eventual impact on food security is very diffi cult to 
predict as human factors, including population growth, economic growth and 
income inequality, are likely to have a greater overall infl uence on food security 
than climate change alone (IPCC  2014b ).  

2.4.2     Migration 

 Many effects of climate change are likely to contribute to migration in and from 
South Asia. Large-scale extreme weather events, including fl ooding and tropical 
cyclones, are likely to lead to sudden but temporary human movements, with the 
possible return of displaced people. By contrast, gradual and long-term climatic 
shifts, including sea level rises, increased competition for natural resources and land 
degradation, may result in more permanent internal and external migration of popu-
lations (Walsham  2010 ). As with all tertiary effects, migration is not easy to model, 
with multiple economic, political, social and cultural drivers infl uencing vulnerabil-
ity and individual decisions to migrate. In South Asia, climate change-infl uenced 
and driven migration will occur in the context of ongoing population growth and 
rural-to-urban migration driven by a perception of greater economic opportunities. 

 A sea level rise of 1 m (towards the upper end of the current IPCC estimates for 
2100) would impact at least fi ve million people across South Asia, mostly in 
Bangladesh and Sri Lanka (Dasgupta et al.  2007 ). Even worse, however, these pro-
jections of sea level rise do not factor in possible feedbacks to the climate system 
such as from methane and CO 2  release from the melting tundra. Sea level rise may 
directly displace people through loss of land mass, but can indirectly displace peo-
ple through saltwater intrusion and degradation of agricultural land (Walsham 
 2010 ). In Bangladesh, this may lead to internal migration to urban slums in cities 
such as Dhaka or Chittagong or attempted external migration to nearby India, 
despite the fence that currently marks the entire land boundary. Land degradation 
and diffi culty with agricultural harvests is estimated to have already led to the emi-
gration of 12–17 million people from Bangladesh to India, before the fence was 
fully constructed (Reuveny  2007 ). 

 Long-term migration is likely to be exacerbated by the short-term impact of nat-
ural disasters, including fl ooding from heavy precipitation and high-intensity tropi-
cal cyclones. Bangladesh is currently affected by annual inland monsoon fl oods, 
which can cause internal displacement. Severe fl ooding in 2007 affected around 
three million households (Walsham  2010 ). By 2050, climate change is modelled to 
lead to an additional 1.9 million people affected by areas newly inundated in mon-
soon fl oods (Sarraf et al.  2011 ). 

 Indian Ocean island nations are also particularly vulnerable to the health impact 
of climate change. The Maldives – a nation consisting of 1,200 individual islands, 
which lie 0–2 m above sea level – has long been considered one of the countries 
most vulnerable to climate change. Ongoing sea level rise as a result of climate 
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change may result in widespread inundation of the nation (Church et al.  2006 ), 
requiring the whole population to emigrate. 

 The health impact of migration is varied and disproportionately affects the poor-
est and most vulnerable in a society. The wealthiest people are able to migrate pro-
actively, whereas the poorest either lack the fi nancial capital to move away from 
natural disasters, or are forced to move into temporary and makeshift shelter in the 
aftermath of disasters (The Government Offi ce for Science  2011a ). The act of 
migration itself is associated with impacts on health during the travel phase, which 
include trauma, undernutrition and increased transmission of infectious disease. It 
is also associated with negative health outcomes in the destination phase, including 
impacts on mental, reproductive and child health (Zimmerman et al.  2011 ). This is 
particularly exacerbated if populations are forced into IDP camps, refugee camps or 
other ‘temporary’ accommodation, which can be associated with transmission of 
infectious diseases and an increase in gender-based violence.  

2.4.3     Confl ict 

 Climate change may be associated with confl ict through a variety of mechanisms, 
including instability following extreme weather events, competition over scarce 
natural resources such as water or a breakdown of international and national social 
and political systems (The Government Offi ce for Science  2011b ; Kelley et al. 
 2015 ). Direct empirical evidence for a causative link between climate change and 
confl ict is limited, and no one suggests that climate change is a single driver causing 
confl ict. The problem is signifi cant enough that the British and American militaries 
(amongst others) are considering climate change as part of their long-term contin-
gency planning. South Asia is particularly vulnerable to potential confl ict, as a 
region with existing ethnic, religious and political tensions that have led to a number 
of international military engagements over the last 50 years. In addition, India and 
Pakistan have nuclear capabilities, and large areas of Afghanistan and Northern 
Pakistan are already outside state control. 

 At a local level, extreme weather events can drive short-term migration of people 
into internally displaced persons’ (IDP) camps or refugee camps. These place 
increased strains on local environmental resources, including water supplies, and 
can lead to confl ict between indigenous and migrant communities (Reuveny  2007 ). 

 Competition over scare natural resources can also lead to confl ict; within South 
Asia, one particularly scarce natural resource is likely to be water, due to glacier 
melt and variation in monsoon rainfall. As population growth, urbanization and 
 economic growth continue in South Asia, demands and stresses for the water supply 
are likely to be increased. The major Himalayan rivers traverse national boundaries 
(the Brahmaputra River originates in Tibet, China), and management of water 
across national boundaries represents another potential fl ashpoint for confl ict, par-
ticularly as India and China are both planning large-scale river diversion projects 
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(UCL Hazard Research Centre and Humanitarian Futures Programme, King’s 
College London  2010 ). Silt from the Brahmaputra River may be reduced this cen-
tury by its proposed damming and even diversion of part of its water to eastern 
China (Matthew  2013 ). That would not only reduce soil fertility in Bangladesh but 
also increase the delta’s vulnerability to sea level rise. Numerous other dams have 
been built or are planned along other rivers, especially in India; some of these are 
already reducing silt fl ow to the Sundarbans (Matthew  2013 ). 

 Also, as legitimate states fail, the opportunity for non-state actors rises, with 
distinct motivations. For example, there is evidence that extremist organisations 
provided aid in remote areas of Pakistan after the 2008 earthquake – this legitimises 
their role and further erodes state infl uence (The Government Offi ce for Science 
 2011b ).  

2.4.4     Economic Instability 

 Globalisation has resulted in complex interconnected supply chains; individual 
countries are less self-suffi cient and therefore increasingly vulnerable to external 
events. Disrupted supply chains can directly affect health, by limiting the supply of 
necessary medicines and vaccinations. Economic harm and worsening poverty also 
hurt health, both physical and mental. 

 The economic impact of extreme weather events is hard to fully assess. The dis-
ruption to banking and fi nancial systems can be very large – fl oods in Mumbai in 
2005 caused a temporary closure of the Stock Exchange (IPCC  2012 ). However, 
probably an even larger economic impact is felt in the informal economy – where 
the disruption of everyday market buying and selling can affect the livelihoods of 
millions of people.  

2.4.5     Mental Health 

 Climate change is likely to have adverse mental health effects at each of the three 
levels of the framework that we have proposed. Any severe physical illness is likely 
to have an adverse mental health effect, even if just anxiety. Extreme weather events 
and natural disasters can lead to mental ill health, including acute traumatic stress in 
the short term and post-traumatic stress disorder, depression, anxiety disorders and 
drug and alcohol abuse in the long term (Fritze et al.  2008 ). Survivors of disasters 
can also be harmed through seeing others killed or hurt, by the loss of family mem-
bers and livestock and droughts (Hanigan et al.  2012 ). 

 Some VBDs can lead to cognitive and psychiatric disturbances (e.g. cerebral 
malaria or post-viral fatigue and depression). Primary care services across South 
Asia are already stretched, and if overall demand for health services increases, men-
tal health is likely to be further ignored. The tertiary impacts of climate change on 
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mental health are likely to be the greatest, through a variety of levers, including 
resource scarcity, extreme weather events and widespread social and community 
disruption. Mental scars arising from the witness or experience of violent confl ict 
can easily be transmitted for generations. 

 Involuntary migrants face many risks, including traffi cking and other forms of 
exploitation. Some will languish in camps for years. Populations at the greatest risks 
of climate change-infl uenced migration are likely to be amongst the most margin-
alised and socially excluded. Additionally, people with existing mental illnesses 
(whether diagnosed or not) are amongst the most vulnerable during natural disasters 
and forced migrations. 

 Crop failure and indebtedness are already associated with thousands of farmer 
suicides and other forms of stress in India, particularly in Andhra Pradesh, 
Karnataka, Kerala and Maharashtra (Gruère et al.  2008 ; Sarkar and van Loon  2015 ). 
As discussed in the section on food security, climate change is likely to be associ-
ated with reduced crop yields in South Asia and, as a result, may worsen rural men-
tal health, including suicides.   

2.5     Conclusion 

 Climate change is already harming the health of people in South Asia – both physi-
cally and mentally and through a range of different direct and indirect mechanisms. 
But these effects are likely to become far worse as the environmental impact of 
anthropogenic activity, including from climate change, intensifi es this century. 

 Although this chapter used a primary, secondary and tertiary framework to 
describe the health impact of climate change, it is stressed that these effects are 
interconnected, and impacts may be multiplicative. For example, high temperatures 
cause a primary health impact through heatstroke; they may also worsen labour 
productivity and also lower crop yields. These effects are also interconnected with 
more general societal trends – economic migrants from South Asia already face 
poor living conditions, including poor shelter, inadequate sanitation and possible 
confl ict with host communities. These existing vulnerabilities will exacerbate any 
migration or confl ict caused by climate change. 

 As always, the health impacts of climate change cause the greatest harm to the 
poorest and most vulnerable members of a society – these are people who may live 
in urban slums with poor access to clean water and sanitation, people who are 
already most susceptible to undernutrition and food insecurity and people who can-
not afford to migrate proactively away from areas prone to natural disasters. Poor 
women and girls are at the greatest risk. These people are dependent on state 
responses for adaptation, as they lack the fi nancial capacity and political power to 
take individual action. 

 India is currently publicly reluctant to support mitigating its own carbon emis-
sions, believing that developed countries must pay the price for their historical 
emissions. This position, whilst understandable, allows India to avoid engagement 
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with climate change as a political and social issue. However, India, whilst continu-
ing to expand its coal use, is also promoting an aggressive expansion of renewable 
energy (Kalra and Wilkes  2015 ). 

 Following this lead, many South Asian governments are reluctant to curtail their 
own carbon-dependent economic growth. True global leadership on the issue would 
allow South Asian governments to pursue a path of ‘green growth’, demonstrating 
an alternative to the current damaging economic paradigm. A number of policies, 
such as decentralised solar power generation, can allow for economic growth and 
improvements in peoples’ quality of life, whilst mitigating overall carbon emis-
sions. There is a signifi cant opportunity for South Asian governments to use their 
strengths in research on technology development to become world leaders in 
carbon- neutral development policies.     
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    Chapter 3   
 Climate Change and the Health of Older 
People in Southeast Asia       

       Kevin     McCracken      and     David     R.     Phillips   

    Abstract     This chapter is essentially speculative, considering possible health- 
related consequences for older persons of climate change events should these occur. 
The Asia-Pacifi c region and its Southeast Asian subregion has almost a third of the 
world’s older persons. The heterogeneity of older cohorts should be recognised and 
not stereotyped as uniformly vulnerable. Nevertheless, older persons will generally 
be more vulnerable than other age groups to events such as extreme heat and other 
climate stressors. Risks may be raised for ischaemic heart disease, stroke, COPD, 
acute lower respiratory disease and lung cancer, affecting older groups dispropor-
tionately. Higher temperatures are also associated with sudden-onset weather emer-
gency events such as typhoons and associated heavy rainfall, fl ooding and damage 
to property and life. Many parts of the region are susceptible to such events, along 
with neighbouring countries in East and South Asia. Many types of infectious dis-
eases will also be affected by temperature rises. Expansion is likely of areas at risk 
from malaria, dengue and other parasitic or infectious conditions. For example, 
small temperature increases could raise both latitude and altitude at which mosqui-
toes could breed and affect humans. Other risks include increasing incidence of 
food poisoning and threats to food security as extreme climate events and disease 
can disrupt food production. Finally, climate change can impact psychological and 
mental health. Older persons will be relatively at greater risk, especially those with 
dementias who may be less able to cope with adverse conditions. The severity of 
climate change impacts will be mediated by political and socio-economic factors 
and adaptive strategies, so forward planning by governments is essential.  
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3.1       Introduction 

 This chapter is essentially speculative, centred on likely climate change in Southeast 
Asia, also affecting the wider Asia-Pacifi c, over the course of this century and the 
potential impacts of this change on the health of older people resident in the region. 
Climate is a major determinant, directly or indirectly, of human well-being in all 
regions around the world, and any substantial change in climate dynamics by defi ni-
tion will have important reverberations across all domains of human existence 
(United Nations Development Programme  2012 ). Nowhere is this truer than in the 
area of health (McMichael et al.  2001 ) and especially the health of populations that 
for one reason or another have particular vulnerabilities. One group generally 
viewed in this light is older persons (Filberto et al.  2009–2010 ; Gamble et al.  2013 ; 
Haq et al.  2008 ; IPCC  2014 ; WHO  2013 ).  

3.2     Global Overview of Climate Change 

 It is now virtually universally accepted in the scientifi c community that the Earth’s 
climate system has been undergoing signifi cant change over the past century or so. 
Sound evidence assembled for the Fifth Assessment Report (AR5) of the 
Intergovernmental Panel on Climate Change (IPCC) clearly shows atmospheric and 
oceanic warming have occurred, ice sheets and glaciers have shrunk, sea levels have 
risen and extreme weather events have become more frequent (IPCC  2014 ; Hijioka 
et al.  2014 ). The present-day global mean surface temperature, for example, is around 
0.8 °C warmer than that of the immediate pre-industrial period, whilst global mean 
sea level is estimated to have risen by 0.19 m since the beginning of the twentieth 
century. Whilst there is a small number of sceptics, the vast majority of climate sci-
entists believe these global warming changes have been largely driven by increasing 
atmospheric greenhouse gas concentrations (e.g. carbon dioxide, methane, nitrous 
oxide) produced by human activities (e.g. burning fossil fuels, deforestation). 

 With continuing emissions of greenhouse gases, substantial further global warm-
ing and related climate system changes will occur well into and, for some compo-
nents, beyond the twenty-fi rst century. However, uncertainty regarding the exact 
magnitude of such emissions inevitably makes forecasting future climate change 
diffi cult. Whether nations around the world will muster the collective political 
resolve to bring about the necessary reduction of greenhouse gas emissions to limit 
global warming and other related climate change remains to be seen. In the light of 
this emission uncertainty, the usual modelling approach followed is to produce a 
range of climate change projections incorporating varying greenhouse gas concen-
trations and other climate drivers. Table  3.1  presents the latest such projections by 
the IPCC (2013) for air temperature and sea-level rise over the twenty-fi rst century, 
using four different climate-forcing scenarios. Whatever the magnitude of the cli-
mate change ultimately realised, it will impact on almost all aspects of human life.
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3.3        Projected Climate Change in Southeast Asia 

 Beneath the overall global picture sketched above, climate change will not occur 
uniformly. Warming will be greater in some parts of the world than others, likewise 
sea-level rise. In some places precipitation will increase, whilst other regions will 
become drier. In short, climate change will vary around the planet. Projecting likely 
regional changes, however, is complicated, involving all the uncertainties of global 
modelling with the additional diffi culty of incorporating all major relevant regional 
factors. In the case of Southeast Asia, making climate projections is especially chal-
lenging ‘due to the complex terrain, the mix of mainlands, peninsulas, and islands, 
the related regional sea-land interactions, and the large number of complex climate 
phenomena characterizing the region’ (World Bank  2013 : 70). 

 Despite these diffi culties, the broad consensus is that the region stands as one of 
the most vulnerable to climate change. An idea of the breadth of this vulnerability 
is given by Table  3.2  which outlines what are considered to be the major likely 
manifestations in the region of 2 °C and 4 °C global warming scenarios published 
by the World Bank ( 2013 ) – each quite plausible outcomes this century. Projected 
mean summer land surface warming for the region is somewhat below the projected 
overall global mean land surface temperature rise due to the important climate driv-
ing role in the region played by sea surface temperature which is increasing more 
slowly. The projected warming will still nonetheless be signifi cant, both in its own 

    Table 3.1    Projected change in global mean surface air temperature and global mean sea-level rise 
for the mid- and late twenty-fi rst century relative to 1986–2005   

 Mid-twenty-fi rst 
century (2046–2065) 

 Late twenty-fi rst 
century (2000–2100) 

 Scenario a   Mean   Likely  range  Mean   Likely  range 

 Global mean surface 
temperature change (°C) 

 1  RCP2.6  1.0  0.4–1.6  1.0  0.3–1.7 

 2  RCP4.5  1.4  0.9–2.0  1.8  1.1–2.6 
 3  RCP6.0  1.3  0.8–1.8  2.2  1.4–3.1 
 4  RCP8.5  2.0  1.4–2.6  3.7  2.6–4.8 

  Regional comment: ‘… increases in seasonal mean and annual mean temperatures are expected 
to be larger in the tropics and subtropics than in mid-latitudes’  
 Global mean sea-level 
rise (m) 

 1  RCP2.6  0.24  0.17–0.32  0.40  0.26–0.55 

 2  RCP4.5  0.26  0.19–0.33  0.47  0.32–0.63 
 3  RCP6.0  0.25  0.18–0.32  0.48  0.33–0.63 
 4  RCP8.5  0.30  0.22–0.38  0.63  0.45–0.82 

  Source: IPCC (2013) 
  a Scenarios (RCPs) incorporate different assumptions about future concentrations of greenhouse 
gases and other climate drivers. RCP = Representative Concentration Pathway, the accompanying 

values indicating the approximate total radiative forcing in year 2100 relative to 1750  
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right and for its involvement in other elements and consequences of climate change. 
Within the region, the World Bank modelling suggests warming will be greatest in 
North Vietnam and Laos. For Asia as a whole, the 5th Assessment Report of the 
IPCC (Hijioka et al.  2014 , Chapter 24, p. 1330) notes ‘Warming trends and increas-
ing temperature extremes have been observed across most of the Asian region over 

     Table 3.2    Climate change risks/impacts relevant to human health, 2 °C and 4 °C global warming a  
scenarios, Southeast Asia   

 Around 2 °C global warming a  
(2040s b ) 

 Around 4 °C global warming a  
(2080s b ) 

 Regional warming  Average summer warming 
about 1.5 °C above 1951–
1980 baseline 

 Summer temperatures increase 
by about 4.5 °C above 
1951–1980 

 Heat extremes 
   Unusual heat extremes 

(currently virtually 
absent) 

 60–70 % of land area affected 
(summer months) 

 >90 % of land area affected 
(summer months) 

   Unprecedented heat 
extremes 

 30–40 % of land area affected 
(summer months) 

 >80 % of land area affected 
(summer months) 

   Warm days (beyond 
present-day 90th 
percentile temperature) 

 45–90 days per year  Around 300 days per year 

 Precipitation  Slight increase during dry 
season 

 No agreement across models re 
changes in wet season rainfall 

 Increasing extreme rainfall 
events (contributing >10 % 
share of annual rainfall) 

 Increasing extreme rainfall 
events (contributing 50 % share 
of annual rainfall) 

 Marginal increase in 
maximum number of 
consecutive dry days 

 About 5 % increase in maximum 
number of consecutive dry days 

 Tropical cyclones 
(typhoons) 

 Overall decrease in TC 
frequency, but increasing 
frequency of most intense 
(category 5) storms 

 Decreased number of TCs 
making landfall, but maximum 
wind velocity at the coast 
projected to increase 

 Increase in TC-related rainfall  Increase in TC-related rainfall 
 Sea-level rise (above 
present) 

 30 cm–2040s  30 cm–2040s 

 50 cm–2060s  50 cm–2060 
 75 cm (65–85 cm) by 
2080–2100 

 110 cm (85–130 cm) by 
2080–2100 

 Ocean temperatures and 
chemistry 

 Increasing sea surface 
temperatures and acidifi cation 

 Increasing sea surface 
temperatures and acidifi cation 

  Source: Adapted from World Bank ( 2013 ).  Turn Down the Heat: Climate Extremes, Regional 
Impacts, and the Case for Resilience  
  a Warming relative to the pre-industrial period. Observed warming from pre-industrial levels to the 
1986–2005 benchmark used in Table  3.1  (IPCC, Fifth Assessment Report) has been about 0.7 °C 
  b Years indicate the decade during which warming levels are exceeded in a business-as-usual sce-
nario  
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the past century (high confi dence).’ It also notes that water scarcity may become a 
major challenge and that ‘Extreme climate events will have an increasing impact on 
human health, security, livelihoods, and poverty with the type and magnitude of 
impact varying across Asia (high confi dence)’ (Hijioka et al.  2014 , Chapter 24, 
p. 1331). So, the directions of the numerous potential outcomes are not uniform 
across the region or the Southeast Asian subregion (Yusuf and Francisco  2009 ).

   The modelling results summarised in Table  3.2  indicate that beyond straight 
mean temperature increase, the region will face associated problems of more fre-
quent and widespread heat extremes, signifi cant sea-level rise and more high- 
intensity tropical cyclones (typhoons), perhaps affecting wider parts of the region. 
Warming and acidifi cation of the region’s oceans will also be important. Precipitation 
futures are less certain. Extreme rainfall events, already common in many areas, are 
expected to increase, but there is no modelling agreement over whether the region 
as a whole will be overall wetter or drier. The 5th IPCC Assessment Report in its 
Asia chapter (Hijioka et al.  2014 , Chapter 24, p. 1331) states that ‘Coastal and 
marine systems in Asia are under increasing stress from both climatic and non- 
climatic drivers (high confi dence)… It is likely that mean sea-level rise will contrib-
ute to upward trends in extreme coastal high water levels.’ 

 A wide range of negative health consequences will fl ow from these changes for 
people across the entire region. Precise impacts are impossible to state due to the 
uncertainties over the exact climate change that will eventuate; future possible polit-
ical, economic and social mediating factors; and, likewise, future adaptive strategies 
and capacities. Whilst all people in all countries will to one degree or another be 
impacted, some population groups will be particularly vulnerable and adversely 
affected. One major such group is older persons.  

3.4     Climate Change and the Health of Older Persons 

 The disproportionate health vulnerability of older people to climate change has 
physiological, psychological and social components (Carnes et al.  2013 ; Confalonieri 
et al.  2007 ; Filberto et al.  2009–2010 ). Very frequently, the vulnerability is multiple 
elements of the different dimensions overlapping and interacting in both elderly 
individuals and specifi c subpopulations. At the same time, whilst the elderly in 
aggregate are at greater risk than the general population, it is important to recognise 
their heterogeneity and to avoid simply stereotyping all older persons as uniformly 
vulnerable. Obvious distinctions, for example, include by age (‘young old’, ‘older 
old’ and ‘oldest old’, say 60–70, 70–80 and 80+), gender, location (rural/urban; 
coastal/inland), economic resources (rich/poor), household structure and support 
(living alone/living with others), health status (fi t/frail), etc. 

 Physiological vulnerability will be particularly important in relation to the ‘heat 
extreme’ changes (i.e. projected for the region) as older people are more sensitive to 
high temperatures and prone to heat stress (hyperthermia) than younger people. The 
human body copes with very hot weather through sweating or evaporation of the 
sweat off the skin cooling the body. With ageing this self-regulating temperature 
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mechanism declines in effi ciency, and under exposure to sustained extreme tem-
peratures, the body can lose the ability to sweat and accordingly overheats and 
experiences heat exhaustion or life-threatening heat stroke. Many older people also 
have pre-existing chronic medical conditions and often co-morbidities such as heart 
disease, hypertension, diabetes and kidney disease that can increase the body’s vul-
nerability to heat stress. Additionally, some medications (e.g. beta blockers, diuret-
ics) to treat these diseases can impair the body’s ability to regulate its temperature. 
In turn, heat stress can aggravate those existing conditions and damage other organ 
systems. 

 Physical mobility impairments are a further factor heightening vulnerability. 
These impairments increase with advancing age and compromise the ability to 
respond to severe rapid-onset climate dangers such as tropical cyclones and fl ood-
ing by evacuating to safer locations. Ageing-related diminishing sensory awareness, 
particularly of hearing and vision, also adds to vulnerability to extreme weather 
events. 

 Psychological vulnerability stems from the decline in mental functioning that 
occurs with ageing, the progressive deterioration in mental acuity creating the risk 
that many elderly will not appreciate the nature and magnitude of climate change 
threats nor how to best cope with them. Alzheimer’s disease and other dementias are 
particular concerns in this regard due to the increasing proportion of ‘old-old’ per-
sons in the elderly population and the prevalence of dementia approximately dou-
bling every fi ve years after age 65. Major increases are predicted for the middle- and 
lower-income countries of the world, which include several in this subregion. 

 Vulnerability to climate change is also infl uenced by the social and economic 
circumstances people live within. Many older people only have a low level of edu-
cation, are poor, live by themselves and in poor housing and are socially isolated, 
affecting both exposure to climate change and coping capacity. Whilst members of 
all population age groups may also experience these circumstances, they tend to be 
more common amongst the elderly and amplify age-based physiological and psy-
chological sensitivities. This is also seen  within  the older population in male-female 
differences in vulnerability. Older women, for instance, tend to be more physiologi-
cally sensitive than men to high temperatures due to having fewer sweat glands, but 
their vulnerability to such climatic conditions is commonly amplifi ed by being more 
socially and economically disadvantaged than their male counterparts. The predom-
inance of females, especially in the older and oldest-old groups, is well recognised 
(Mujahid  2006 ), and older females typically have both lowest education levels and 
the fewest economic resources. They are often very dependent on family and local 
community support. If their living environment is affected by climate change, they 
may be especially vulnerable. This has been termed ‘feminisation’, but whilst the 
predominance of females in the older-age groups is very clear, there is a projected 
slight weakening of this trend over the course of this century. This will likely slightly 
narrow the gap in numbers and percentages of older men and women. 

 Health will be affected both directly and indirectly by climate change. The more 
frequent, intense and longer-lasting extreme weather events such as heatwaves and 
cyclonic storms projected for the region will have the most direct and immediately 
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visible health effects, with some almost certainly claiming large injury, illness and 
death tolls. The WHO ( 2008 ) notes the extra vulnerability of older groups to ‘emer-
gencies’, many of which could potentially be linked to such extreme weather events. 
The greater health burden of climate change, however, is likely to come from indi-
rect effects, for example, from adverse effects on food production and nutrition due 
to the loss of productive low-lying coastal agricultural areas through inundation by 
rising seas and associated coastal land and aquifer salinisation, through forced dis-
placement of populations from those coastal areas to life in unhealthy urban slums 
and exposure to new epidemiological locales, from warmer temperatures increasing 
health-threatening ground-level ozone and particulate matter air pollution problems 
in urban areas and from warmer conditions resulting in some infectious disease vec-
tors and pathogens developing faster and accordingly raising the risk of infection 
(McCracken and Phillips  2012 ). 

 The bulk of attention in health-oriented climate change research has been on 
physical health consequences – deaths, injuries and illnesses. However, a serious 
mental health burden can also be expected (Page and Howard  2010 ; Doherty and 
Clayton  2011 ). Older persons with pre-existing mental disorders will likely be most 
affected, but the psychological well-being of many with no prior record of such ill-
ness will also be adversely impacted. Some caught up, for example, in very severe 
cyclones, fl ooding or heatwaves will almost certainly suffer post-traumatic stress 
disorder, plus acute anxiety about possible future such calamitous events. Those 
who experience the personal loss of family or friends in such climatic disasters will 
be prone to long-lasting depression. Climate change-forced population displace-
ment will similarly likely generate psychological distress and anxiety in affected 
populations.  

3.5     Elderly Populations of Southeast Asia 

 The Asia-Pacifi c region is already home to almost a third of the world’s older per-
sons, and the Southeast Asia subregion has a range of nations with various propor-
tions of older people (Phillips  2000 ,  2011 ; Mujahid  2006 ; Phillips et al.  2010 ). 
Table  3.3  indicates the situation at the moment, based on 2012 UN data, and the 
major feature looking forward is the very considerable growth in the 60+ popula-
tions, the UN cut-off for old age, in almost every country by 2050. The data do 
however show the picture is by no means uniform across the subregion. For exam-
ple, countries such as Singapore and Thailand currently have 12–14 % of their pop-
ulations aged 60+ now, and they, plus Vietnam, are likely to have over 30 % in this 
age group by 2050. By contrast, some countries, such as the Philippines (with its 
substantial population base), Laos and small Timor-Leste, will only have between 5 
and 15 % aged 60+ by mid-century. Therefore, the percentages of older persons 
exposed to risk of climate change do and will continue to vary considerably amongst 
the nations in this subregion, but large absolute numbers will still be exposed in 
almost all countries. Looking forward to the turn of next century, which is a 
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timescale engendered in climate change, the picture in all countries shows from 25 
to 46 % of populations likely to be in the 60+ age group.

   Within these aggregate data for countries, we must remember the considerable 
scope for subnational variation in age profi les. Many rural areas, for example, may 
have concentrations of older persons, whereas some cities, the magnets for migra-
tion for those of working age, may have fewer. The rural areas are very important, 
as they may well be the most exposed to extreme weather events by nature of agri-
cultural and water-based occupations and the diffi culty of providing services and 
infrastructure across wide areas. In some large countries (in terms of geography and 
population), internal variations in the percentages of older persons can be very 
large, rendering national average fi gures misleading. For example, in Indonesia, of 
30 provinces, the ‘top 10’ in terms of ageing had 6–12.9 % of population aged 60+, 
whilst the ‘lowest 10’ provinces had only 2–4.8 % of population aged 60+. This 
considerable inter-province range refl ected differences in fertility, migration and 
mortality. There were also interprovincial variations in projections of older popula-
tion increase by 2025, though virtually all provinces are likely to expect a 5–10 
percentage point increase in this period (Abikusno  2007 ). There are similar inter-
state variations in the percentages of older persons in Malaysia, ranging from 3.1 % 
in F.T. Labuan and 3.8 % in Sabah to 9.2 % and 9.3 % in Perlis and Perak states aged 
60+. In Malaysia, there are also considerable variations in the ethnic composition of 
older groups, Malay, Chinese and Indian, in different states (Ong et al.  2009 ). These 
data alert us to consider variations in potential needs for climate change-related 
services and possible cultural social support practices within nations. 

   Table 3.3    Expanding older populations (persons aged 60 or over), Southeast Asia, 2010–2100   

 Persons aged 60+ (thousands) 
 Percentage of total 
population aged 60+ 

 Region/country  2010  2050 a   2100 a   2010  2050 a   2100 a  

 Southeast Asia  48,542  176,120  240,796  8.1  22.4  31.8 
 Brunei Darussalam  25  155  194  6.2  28.3  38.6 
 Cambodia  1038  4775  8306  7.2  21.2  35.2 
 Indonesia  18,212  67,738  101,468  7.6  21.1  32.2 
 Laos  361  1662  3817  5.6  15.7  34.2 
 Malaysia  2193  9747  14,760  7.8  23.1  34.8 
 Myanmar  3998  13,049  13,008  7.7  22.3  27.4 
 Philippines  5474  21,535  49,691  5.9  13.7  26.5 
 Singapore  716  2506  2776  14.1  35.5  46.0 
 Thailand  8580  23,148  15,875  12.9  37.5  39.2 
 Timor-Leste  54  107  812  5.0  5.1  24.9 
 Vietnam  7891  31,699  30,090  8.9  30.6  37.6 

  Source: United Nations Department of Social and Economic Affairs, Population Division 
(UNDESA-PD) ( 2013 ),  World Population Prospects: The 2012 Revision . New York: UNDESA-PD. 
  http://esa.un.org/wpp/     
  a Projections  
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 Two particularly important features of the demographic ageing of the popula-
tions in health and health-care service terms are the growth of the ‘oldest-old’ 
cohorts, and the continued dominance of females in these cohorts referred to earlier, 
even if the future gender imbalance slightly reduces. Figure  3.1  shows the poten-
tially huge increase in the proportions of various nations’ populations aged 60+ who 
will be in the 80+ age cohorts (often called the ‘oldest old’) by mid-century and 
especially by 2100. The fi gures commonly of around 10 % in the oldest-old cohorts 
in 2012 may well reach 20–30 % by 2050 in several countries. This has great signifi -
cance given the potential vulnerabilities of such very old people, and the steps that 
need to be taken to provide services and support for their needs, in both ‘routine’ 
warm-climate environments and especially when affected by extreme climate- 
linked events. Whilst many in the very oldest cohorts may indeed be relatively 
healthy, members of these cohorts are statistically most likely to be affected by dis-
abilities, psychological and physical, and many may suffer from dementias. The 
existence of co-morbidities in this age group (the existence of several causes of ill-
ness at the same time) is widely recognised. Co-morbidities often mean that the 
persons in question need more health and welfare services; they may be disadvan-
taged in what they can do and co-morbidities may render such persons less well able 
to cope with, say, extreme heat and less able to recognise and avoid dangers from, 
say, extreme weather events and fl ooding.

   The other notable feature is the dominance of females in old age cohorts. Figure 
 3.2  shows regional and country-specifi c information on sex imbalances in the older 
populations. Whilst the excess of older females over males is projected to reduce 
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somewhat in the future (mainly due to improving male life expectancy), it seems 
that there will always be a considerable excess of older females, especially amongst 
the oldest old. The actual extent of this will of course vary from country to country 
in refl ection of their specifi c demographic histories. In Myanmar and the Philippines, 
for instance, the UN (2012) projections point to their perhaps only being around 60 
or so men aged 80 and over per 100 similarly aged women at the end of the century. 
In other countries the imbalance will be less marked, but substantial. Many of the 
oldest-old women will also be single, mainly being widowed, and may be with or 
without surviving children, though some may never have married and often there-
fore be in a particularly vulnerable or dependent economic situation. Older females 
in the region are also far more likely to be illiterate than older males (Mujahid 
 2006 ), with the attendant economic and social risks this can entail.

   Looking at World Population Prospects projections (UNDESA-PD  2013 ), life 
expectancy increases across many countries in Southeast Asia over the next two to 
three decades appear likely to mirror those in East Asia, where many people now 
reach older age. Perhaps most signifi cant is life expectancy at age 60, as this sug-
gests the length of time people will be in potentially weaker physical, psychological 
and economic situations and in varying degrees of dependency.  
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3.6     Current Health Status of Older Populations 
in the Region 

 Health status is always a fairly diffi cult item for which to have comprehensive and 
reliable data, especially internationally. Nevertheless, based on the indicator of life 
expectancy at age 60 (Fig.  3.3 ), substantial variations are evident in Southeast Asia. 
Currently, these range from about 15 to 16 years on average in several countries 
such as Cambodia, Laos, Myanmar and Timor-Leste to around 20 years or more in 
Brunei, Thailand, Vietnam and Singapore. As ever, females have a greater life 
expectancy than males. These years of life expectancy have considerable implica-
tions for the numbers of people who will have to handle rising temperatures with 
climate change and the need to provide adequate living environments for them.

   Looking at people’s health status, in terms of morbidity (illness), we also see 
variations (World Health Organization  2004 ). Within individual countries, Indonesian 
data showed about 30 % of people aged 60+ had reported an illness (ranging from 
minor to more serious) in the previous month. The incidence was very slightly higher 
in rural than in urban areas and again slightly higher amongst women than men 
(Abikusno  2007 ). Comparing Thailand and Myanmar, Knodel ( 2013 ) noted that 
47 % of older Thai respondents compared with only 33 % of older Burmese respon-
dents reported their health as good or very good. Using 2012 Myanmar survey data, 
Knodel’s analysis found, perhaps unsurprisingly, that persons in their 60s reported 
better health and memory than those aged 70+. Again, such data indicate the impor-
tance of the demographic ageing of the older groups, as future impacts of climate 
change are very likely to be felt more severely amongst older and oldest-old cohorts. 
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 Table  3.4  indicates the living and working arrangements of people over 60 in the 
region and also shows variability. It can be seen that substantial proportions are ‘liv-
ing independently’, though with, for example, a range from 12 % of males in 
Myanmar to 30 % in Vietnam. The proportion living alone however is highly likely 
to rise with age, especially amongst females whose spouses die before them. 
Currently, married percentages amongst females ranged from 38 % in Indonesia to 
over half (52 %) in Thailand and Brunei Darussalam. This has considerable implica-
tions for the vulnerability and coping abilities of older single persons living without 
families. Indeed, the percentage of older people living alone is either stable or grad-
ually increasing in many countries in the region. As we discuss below, in the case of 
heatwaves and extreme weather events such as typhoons and fl ooding, older and 
alone groups almost always come off worst.

3.7        Climate Change and Likely Impacts on Older Persons’ 
Health in Southeast Asia: The Prospects? 

3.7.1     Temperature Rises and Extreme Heat Events 

 Direct evidence for climate change effects in the region and especially their links 
with health are limited at the moment. However, based on extrapolation of experi-
ence in the wider Asia-Pacifi c and elsewhere, we can assume changes such as 

   Table 3.4    Marital, living and labour force situation of older population (persons aged 60+), 
Southeast Asia, early 2000s   

 Region/country 

 Persons aged 60+ 

 % currently married  % living independently  % in labour force 

 Males  Females  Males  Females  Males  Females 

 Southeast Asia  82  44  22  21  56  33 
 Brunei Darussalam  86  52  –  –  28  7 
 Cambodia  87  50  14  12  76  55 
 Indonesia  84  38  24  24  63  34 
 Laos  83  46  –  –  54  32 
 Malaysia  86  50  22  20  51  14 
 Myanmar  73  39  12  9  53  36 
 Philippines  80  49  18  17  58  36 
 Singapore  84  51  –  –  43  20 
 Thailand  81  52  21  17  50  28 
 Timor-Leste  75  46  –  –  64  26 
 Vietnam  85  44  30  27  45  34 

  Source: United Nations Department of Social and Economic Affairs, Population Division (UNDESA-PD). 
( 2012b ),  Population Ageing and Development 2012 (Wallchart) . New York: UNDESA-PD.   http://www.
un.org/esa/population/publications/2012PopAgeingDev_Chart/2012AgeingWallchart.html      
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extreme heat will have adverse effects on older persons. The WHO ( 2013 ) (after 
Robine et al.  2003 ) note that extreme heat in Europe in August 2003 caused more 
than 70,000 excess deaths, mainly amongst older persons, with cardiovascular and 
respiratory disease being particular underlying causes. Vandentorren et al. ( 2006 ) 
looked at the deaths in France of people aged 65+ living alone during this extreme 
heatwave using case-control methods. They found lack of mobility and pre-existing 
medical conditions to be major risk factors, along with environmental characteris-
tics such as lack of thermal insulation in housing, sleeping on the top fl oor and 
building temperature. These risk factors in the French case are confi rmed by 
Poumadère et al. ( 2005 ), who also note that people aged 75+ made up almost 83 % 
of the excess mortality in this heatwave. The unfavourable living conditions and 
other environmental risks could be ameliorated, for example, by dressing lightly 
and using cooling devices. However, many older people lived alone and in poor 
economic conditions, so might have been unable to recognise the risks and, even if 
they did, unable to take evasive actions. Vandentorren et al. suggest information and 
advice on how to react during heatwaves would be important. Perhaps equally 
important, the French event did cause a shift in perception of risk to acknowledge 
dangerous climate and that such excess heat events pose an ‘unambiguous danger’ 
(Poumadère et al.  2005 , p. 1492). 

 Learning from such experiences, there will be a need to focus on public attitudes 
or awareness concerning likely risks and dangers of climate change and related 
events and ways to prepare for or minimise the consequences. Therefore, authorities 
in Southeast Asia should recognise and provide understandable and useful informa-
tion and education for older persons and their families (as well as for all citizens). 
In the context of extreme heat, for example, the rapid growth of urbanization and 
ever-larger megacities in this region will almost certainly be associated with increas-
ing urban heat island effects (Campbell-Lendrum and Corvalan  2007 ) that are likely 
to be magnifi ed by climate warming (particularly in heatwaves), from the use of air 
conditioners, power generation, vehicles etc., which can raise urban temperatures. 
Moreover, as noted, almost all countries and cities will have greater numbers of 
older persons and probably much higher elderly percentages, so the populations at 
risk will almost certainly be signifi cantly greater in coming decades. 

 As we do not currently have much direct evidence on the possible effects of tem-
perature rises on older persons in the region, we can look to research and experi-
ences in other parts of the Asia-Pacifi c for possible guidance. In South Korea, for 
example, Son et al. ( 2012 ) have examined excess mortality for heatwaves in seven 
major cities between 2000 and 2007. Their study does not focus on older persons 
specifi cally but they do identify older groups as being at greater risk. Total mortality 
increased by just over 4 % on heatwave days compared with non-heatwaves. Timing 
was important, as mortality seemed to increase more when heatwaves occurred in 
early summer, or they lasted longer or were more intense. The capital city, Seoul, 
was particularly affected and experienced a larger rise in mortality than other cities. 
Similar to studies elsewhere, they estimated a larger impact of heatwaves on respira-
tory than cardiovascular mortality. Risks were higher for males than females and for 
older people rather than younger people. 
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 Son et al. ( 2012 ) also found Seoul residents with lower education were more at 
risk of dying in heatwaves, and those outside hospitals were also at greater risk than 
those in hospitals, which could refl ect both health status and access to insurance. 
They also examined the effects of air pollution levels which tend to be higher in very 
hot weather and could impact more on those without air-conditioning and/or air 
fi ltering systems. Indeed, urban air pollution is estimated by WHO ( 2013 ) to be 
responsible for 1.2 million deaths annually. WHO ( 2014 ) further estimated that 
seven million deaths globally in 2012 were from the joint effects of household and 
ambient air pollution, although there are considerable diffi culties in estimating risks 
and exposures for these factors. They also estimated the proportions of deaths from 
diseases potentially attributable to these two types of pollution globally were isch-
aemic heart disease (36 %), stroke (33 %), COPD (17 %), acute lower respiratory 
disease (8 %) and lung cancer (6 %). So, the effects are important though varied and 
diffi cult to pin down, as many such conditions may also be infl uenced by factors 
such as occupational exposure and smoking. Climate change is nevertheless very 
likely to exacerbate especially ambient air pollution. The University of Hong Kong 
publishes an online environmental index that details sources of air pollution, dis-
tricts exceeding WHO limits and the cumulative health impacts, doctor visits, hos-
pital bed days and deaths and economic losses due to air pollution (School of Public 
Health, University of Hong Kong  2014 ). Such detailed data on location of pollution 
and its consequences could be extremely useful for cities in Southeast Asia that are 
increasingly suffering from this problem. 

 Air pollution is important as a risk in itself and also as it can especially affect 
older people with pre-existing circulatory and breathing problems, particularly 
COPD (chronic obstructive pulmonary disease). With extreme heat, the pollution 
could trigger initial attacks. More research is needed as to whether outdoor air pol-
lution increases the incidence of problems such as COPD, but Chau et al. ( 2011 ) 
note that it certainly exacerbates existing cases, impacting on quality of life and 
increasing medical costs. WHO ( 2011 ) earlier estimated that about one million 
people globally die from COPD associated with indoor pollution, the majority of 
whom will be older persons, although the regional breakdown needs to be 
investigated. 

 COPD incidence increases with age, and Chau et al.’s study in Hong Kong, likely 
to be relevant for Southeast Asian populations, indicated annual incidence rates of 
over 27 per 1,000 amongst males aged 75+ compared with 13.6 per 1,000 for those 
aged 65–74. All in all, such data mean that older people are likely to be affected 
more than others in the region if air quality worsens, as seems to be occurring in 
many cities in Southeast Asia and the Asia-Pacifi c generally. The WHO ( 2014 ) 
found that the WHO Southeast Asian region was the second worst affected (after the 
Western Pacifi c Region) by the combined effects of household and ambient air pol-
lution, with 2.3 million of the estimated 7 million deaths from these effects globally 
in 2012, as noted above. The majority of these deaths (91 %) occurred in the over-25 
age group, and it must be assumed that a high proportion of these would be amongst 
older persons in the region. 
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 There has been further interest in air pollution and links between COPD, age and 
socio-economic development in Hong Kong. For example, Chen et al. ( 2011 ) found 
COPD declined with improving economic development across the generations, 
though gains could be reduced by increases in air pollution or smoking. COPD 
increased when air pollution increased and declined when air quality improved. 
Like others, they also found mortality from COPD increased with age and espe-
cially amongst postmenopausal women. The association between mortality and 
various types of air pollution is further confi rmed by Wong et al. ( 2008 ). They found 
health outcomes (nonaccidental, cardiovascular and respiratory mortality) were 
more strongly associated with SO 2  and NO 2  amongst people living in areas where a 
social deprivation index (SDI) was high when compared with people in areas of 
middle or low SDI. The authors point out that, given the relationship between socio- 
economic status, air pollution and mortality, policymakers need to consider the 
impacts of socio-economic disadvantage and industrial, economic development and 
environmental management. This can include climate change insofar as local poli-
cies can assist in amelioration of heat increases and other aspects of change. Wong 
et al. ( 2015 ) note that, in Asia, air quality is poor and often deteriorating, and most 
recently, their methodologically novel research followed a cohort of over 66,000 
people aged 65+ for over a decade to 2011. Participants were contacted via all 18 
public Elderly Health Centres in Hong Kong. Their home addresses were geograph-
ical coded so satellite remote sensing data on particulate matter (PM) could be used 
to examine their long-term exposures to and effects on health of aerodynamic diam-
eter PM2.5 which could be an important cause of morbidity and mortality. 
Respondents’ social and lifestyle characteristics and morbidity were gained from 
interviews; mortality was examined through death registry records. The study found 
that ‘exposure to PM2.5 was signifi cantly associated with mortality from natural 
and cardiovascular causes, and with mortality due to IHD and cerebrovascular dis-
ease specifi cally, in people aged ≥65 years’ (Wong et al.  2015 , p. 11). Clearly, these 
Hong Kong studies underscore a worrying issue given the ageing populations in 
most of this region and the potential for climate change to be associated in some 
circumstances with deteriorations in air quality. 

 In addition, over recent decades, extensive areas of Southeast Asia, both rural 
and urban, have frequently been blanketed by air pollution from smoke from forest 
and peat fi res (generically locally termed ‘haze’). ‘Haze’ has affected vast tracts of 
Indonesia (especially Sumatra), Peninsular and East Malaysia, Singapore, Thailand 
and other parts of the region. Haze almost certainly has health impacts. In a study in 
Klang Valley, west coast of peninsular Malaysia, haze was found to increase the risk 
of respiratory mortality, probably from exposure to toxic particles (Asia Research 
News  2015 ). Daily mortality rates became higher than normal by the sixth day of 
haze. This ongoing research emphasises the need to give appropriate public health 
advice and assistance to vulnerable groups including older persons and those with 
existing respiratory and cardiac disease. Serious haze originating from Indonesia 
from July to late October 2015 affected southern Thailand, Malaysia, Singapore, 
Brunei, Vietnam and Indonesia. Singapore’s National Environment Agency ( 2015 ) 
issued a September health advisory that “The elderly, pregnant women and children 
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should minimise outdoor activity, while those with chronic lung or heart disease 
should avoid outdoor activity”. Things may be getting worse, linked to climatic 
conditions. For example, fi res and haze in Sumatra in March 2014, at an unusual 
time and in spite of government attempts to regulate burning, have been linked by 
World Resources Institute ( 2014 ) to extreme drought, making burning easier and 
fi res very diffi cult to control. If temperatures become more extreme and cultivation 
practices alter, it can be anticipated that air pollution from such events will also 
increase and impact on everyone’s health and particularly that of older persons. 

 In the Korean heatwaves, Son et al. note they were working with relatively small 
numbers (of both heatwaves and deaths), but their fi ndings do seem to have implica-
tions in terms of public health policy and targeting of health promotion at some 
more vulnerable groups and devising of health alerts for extreme heat events. Their 
evidence on impacts of heatwaves from an Asian country is important, as are fi nd-
ings from places such as Hong Kong, which has both hot weather and cold weather 
warning systems in place aimed especially at the older and vulnerable populations. 

 Under the infl uence of climate change, we may well expect extreme weather 
events to increase, and in most of Southeast Asia, the effects are likely to be towards 
increasing heatwave frequency and intensity. Higher temperatures are also associ-
ated with sudden-onset weather emergency events such as typhoons and associated 
heavy rainfall, fl ooding and damage to property and life. In this respect, the 
Philippines, Vietnam and its neighbouring countries, plus Southern China (includ-
ing Hong Kong and Macau) and Taiwan through their location, are currently at the 
greatest risk. In November 2013, Typhoon Haiyan (Yolanda), one of the deadliest to 
date, struck the Philippines late in the year causing an estimated more than 6,000 
deaths and almost 30,000 injuries, affecting millions. Its effects displaced four mil-
lion from their homes, devastating large areas of Luzon and almost destroying the 
city of Tacloban. Whilst all ages were affected, HelpAge International ( 2013 ) 
reported that people aged 60+ made up two-fi fths of deaths from Haiyan even 
though they only comprise 8 % of the population. Many apparently decided not to 
evacuate as they felt their homes could withstand the storm as in the past. Older 
people without families, and living alone, were at most risk, often being both poor 
and with no one to help them, whereas those with families were less vulnerable. As 
is common in such typhoons, the storm also went on to cause fl ooding and deaths in 
Southern China. 

 Typhoons and heavy rain are often associated with fl ooding. Such high-intensity 
events are expected to increase with temperature increase and also general sea-level 
rises (see Table  3.2 ). Looking at Southeast Asian major cities’ population exposed 
to coastal fl ooding alone, currently a total of almost fi ve million people are currently 
exposed to coastal fl ooding in the top fi ve cities ranked according to this risk (Table 
 3.5 ). Estimates for the year 2000 of the total urban dwellers in each country of the 
region at risk of coastal and inland fl ooding are in turn shown in Table  3.6 . Clearly 
many people already face serious physical and psychological risks from fl ooding 
episodes. Future urbanization and population growth, especially when settlements 
occur in particularly risk-prone sites, are only likely to exacerbate the problems.
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   Table 3.5    Cities in Southeast Asia ranked in terms of population exposed a  to coastal fl ooding in 
the 2070s   

 Future exposed 
population  Current exposed population 

 Country  Urban agglomeration  2005  2070 b  

 Vietnam  Ho Chi Minh City  1,931,000  9,216,000 
 Thailand  Bangkok  907,000  5,138,000 
 Myanmar  Rangoon  510,000  4,965,000 
 Vietnam  Hai Phong  794,000  4,711,000 
 Indonesia  Jakarta  513,000  2,248,000 

  Source: Nicholls, R.J., Hanson, S., Herweijer, C., Patmore, N., Hallegatte, S., Corfee-Morlot, J., 
Chateau, J. and Muir-Wood, R. (2007).  Ranking of the World’s Cities Most Exposed to Coastal 
Flooding Today and in the Future: Executive Summary , Paris: OECD.   http://www.oecd.org/envi-
ronment/cc/39721444.pdf     
  a Exposure refers to a 1 in 100-year surge-induced fl ood event (assuming no fl ood defences) 
  b Projections  

   Table 3.6    Urban population at risk of coastal and inland fl ooding, Southeast Asia, 2000   

 Coastal fl ood risk a   Inland fl ood risk 

 Region/country 
 Urban population 
at fl ood risk 

 % Urban 
population at 
fl ood risk 

 Urban population 
at fl ood risk 

 % Urban 
population at 
fl ood 

 Southeast Asia  63,919,387  36.1  25,484,820  14.7 
 Brunei 
Darussalam 

 24,965  11.2  1634  0.7 

 Cambodia  281,944  15.0  1,428,121  76.0 
 Indonesia  22,720,666  27.9  4,394,972  5.4 
 Laos  0  0  302,825  34.0 
 Malaysia  3,687,052  26.5  495,254  3.6 
 Myanmar  4,512,823  36.2  2,361,353  19.0 
 Philippines  6,807,578  27.4  3,713,398  14.9 
 Singapore  550,057  14.0  0  0 
 Thailand  12,471,874  60.0  6,070,291  29.2 
 Timor-Leste  1369  4.2  869  2.7 
 Vietnam  12,862,429  73.9  6,716,973  38.6 

   Source:  Asian Development Bank (ADB). ( 2012 ).  Key Indicators for Asia and the Pacifi c 2012 , 
Metro Manila: Asian Development Bank.   http://www.adb.org/publications/key-indicators-asia- 
and-pacifi c-2012     
  a Coastal fl ooding risk is based on population within low-elevation coastal zone (<10 m rise eleva-
tion)  
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3.7.2         Climate Change and Infectious Diseases 
in Southeast Asia 

 Infectious diseases, especially vector and pathogen effects, are likely to be affected 
by temperature rises, so we anticipate climate change in terms of warming will 
increase the potential spread for some vectored infectious diseases such as malaria 
and dengue. In particular, WHO and others have noted that global warming is likely 
to enlarge areas such as the global malarial mosquito transmission zones north and 
southwards. This is unlikely to affect Southeast Asia to any great extent, as at lower 
altitudes, the subregion’s territories are already almost wholly within potential 
malarial zones. It is well recognised that malaria does not spread even where condi-
tions are suitable in, for example, the dry season, at high altitudes or where antima-
larial programmes have been successful (CDC  2014 ). However, increased 
precipitation could mean malaria control programmes become less effective. With 
global warming, temperature increases of a few degrees could have the potential to 
raise the altitude at which mosquitoes could breed and affect humans. Recent evi-
dence from Africa and South America suggests that the altitude at which malaria 
can occur increases in warmer years and that a temperature rise of 1–3° could, if 
sustained, result in many more cases (Siraj et al.  2014 ). This could adversely impact 
older persons’ health insofar that they may live in greater numbers in such affected 
rural areas. Within Southeast Asia, parts of Indonesia and Thailand and elsewhere 
in Indo-China where malarial transmission does not currently often occur or has 
been halted could become affected or reaffected again. Moreover, for example, 
some of the most northerly parts of the Philippines could be brought more defi ni-
tively into being year-round malarial zones. 

 Another recognised risk from temperature rises is the potential for increasing the 
incidence of food poisoning, which again could affect people who do not have the 
resources to refrigerate their food or cook it thoroughly. Poorer older persons are 
thereby a potential group at greater risk from food poisoning. However, more gen-
eral and worrisome in this regard in the region could be threats to food security. 
Many countries of the region, including Thailand, Vietnam, the Philippines and 
Indonesia, are major growers of staple foods such as rice. There is evidence that rice 
and other food crop production has already been affected by heavy rain, typhoons 
and fl ooding particularly in several areas of the Philippines and Vietnam and 
Myanmar. If extreme weather events such as temperature and precipitation changes, 
prolonged fl ooding or droughts appear, for longer and/or more frequently, this could 
impact food supply and increase the price of food. This again is likely to have the 
major impacts on the poorest groups in all these countries, who often include older 
persons who do not have the economic resources to buy more expensive food. Their 
short- and long-term nutrition and health could therefore be affected. Similarly, 
climate change can have ozone effects on plants and productivity. Climate change is 
also likely to affect food productivity of land (e.g. through fl ooding or seawater 
salinisation of former arable areas), and ocean catches may also be impaired. All 
these may well decrease food availability and increase costs, impacting on poorer 
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older people, for whom any extra costs could be impossible to meet. Moreover, 
agricultural jobs, which have often employed older people, may be reducing 
(Mujahid  2006 ), and therefore also their sources of income are concomitantly 
falling.  

3.7.3     Mental Health Effects 

 As mentioned earlier, evidence from other areas suggests a probable impact on 
mental health of climate change (Doherty and Clayton  2011 ). Swim et al. ( 2011 ) 
introduce a conceptual model of how climate systems and human systems can relate 
to cognition, affect and motivation and require mitigation or adaptation. One can 
speculate that older persons will be relatively unable to contribute to mitigation and 
possibly be the least well able to adapt to the human consequences of climate 
change, for physiological, psychological or socio-economic reasons. So, impacts on 
mental health could potentially operate through a number of ways, such as increas-
ing stress and leading to outcomes such as depression. Extreme weather events will 
have an almost inevitable impact on health-care services and may reduce the avail-
ability of and attention to mental health services which are already ‘Cinderella ser-
vices’, poorly provided in many parts of Southeast Asia. Older people tend to be 
more vulnerable than younger groups to stress, unipolar depression and paranoia. 
These can be related sometimes to their precarious social and economic situations, 
and sometimes to marginalisation socially and within the family, as well as from 
physical illness and bereavement. It is acknowledged that attempts at this time to 
link increases in mental health problems directly to climate change in this subregion 
would be rather speculative. Nevertheless, it is probably safe to predict that the 
growing numbers of older persons will increase both incidence of new cases and the 
prevalence of mental health problems in the community, which are likely to be exac-
erbated by issues related to climate change. 

 In terms of psychological and mental health interactions with climate change, as 
mentioned earlier, a particular challenge is likely to come from the growing num-
bers of people with dementias. Whilst dementia is essentially a label for a very 
mixed syndrome (group of symptoms) with a variety of causes, its general course 
involving memory loss, confused thinking, personality change and decreasing abil-
ity to self care is well known (see, e.g. Alzheimer’s Disease International  2014 ; 
McCracken and Phillips  2012 ). Persons with dementia are often unable to take deci-
sions about (say) keeping cool in hot weather, avoiding dangerous situations and 
taking medications. Therefore, they need huge amounts of personal care and 
 support, and often specialised accommodation, all of which can be impacted 
strongly by extreme weather events and even gradual environmental warming. 

 Almost a decade ago, Access Economics ( 2006 ) was predicting that enormous 
increases in numbers will be affected by dementia in the Asia-Pacifi c, reaching 
almost 65 million by 2050. This phenomenon is likely to be especially important in 
Southeast and East Asia, given the rapid ageing of many countries in the region 
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noted earlier and the rapidly changing family, socio-economic and occupational 
circumstances occurring in almost all member countries. If the changing nature of 
families and societies potential to care is considered, then climate change is one 
major factor that could adversely affect the welfare of people with dementias and 
the ability of their carers to look after them.   

3.8     The Future: Possible Changing Vulnerabilities of Older 
People to Climate Change? 

 In concluding this chapter, we provide some summary predictions extrapolated 
from research elsewhere in terms of climate events, probable climate change and 
their impacts on the health and welfare of older persons. We have grouped these into 
broadly potentially ‘negative’ and potentially ‘positive’ forces, although of course 
the exact nature and impacts of many such forces are diffi cult to predict accurately. 
Whilst there is a tendency to be gloomy and focus mainly on the negative, at both 
individual and aggregate levels, some forces may even help to improve coping 
capacities.

    (a)     Negative forces? 

 –    Gradual ageing of the aged populations will see increased numbers at the 
more advanced end of physiological and psychological deterioration. There 
will also very likely be increasing multi-morbidity prevalence associated 
with this population ageing, even if there may be certain age-specifi c health 
improvements.  

 –   In particular, with generally growing proportions of ‘oldest-old’ cohorts in 
the elderly populations, dementia numbers will almost certainly increase. 
This will likely have severe implications for many countries in terms of size 
of population at risk and their coping capacities. Persons with dementias and 
those with several concurrent health conditions are much more likely to be 
adversely affected by trends such as temperature warming and less well 
suited to cope with extreme weather events (typhoons, fl ooding etc.).  

 –   As in many populations globally and also in Southeast Asia, increasing over-
weight and obesity in the older cohorts will lead to increasing non- 
communicable disease impacts. Evidence elsewhere suggests that NCDs 
such as diabetes and cardiovascular and mobility problems associated with 
overweight may appear at ever-younger ages in future cohorts. These sorts 
of chronic health problems will almost certainly impact older population’s 
ability to handle warmer temperatures and extreme events. For example, 
people with leaner body mass generally handle heat better than obese ones, 
who tend to retain more body heat. They may also be more mobile and better 
able to handle challenging environmental living conditions than overweight 
or obese persons.  
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 –   Increasing urbanization in many countries of the region (UNDESA-PD 
 2012a ) will expose more older people to urban heat island conditions 
(Campbell-Lendrum and Corvalan  2007 ).  

 –   Unless concerted efforts are undertaken by governments to reduce it, urban 
air pollution, localised air pollution and trans-boundary air pollution will 
increase in incidence, duration and severity in coming years. This will have 
the harmful effects on health of all age groups and especially older persons 
in the region. It is likely to affect those with conditions such as COPD and 
may well trigger cardiovascular events amongst those at risk.      

   (b)     Positive forces? 

 –    Hopefully, declining poverty and better living standards amongst older 
cohorts and their families will lead to improved coping capacity, for exam-
ple, better accommodation standards, ventilated living, access to air condi-
tioning, better environmental conditions and drainage, etc.  

 –   Widening and improved levels of social protection may develop which will 
add to the above increases in living standards.  

 –   Future elderly cohorts in Southeast Asia will have better educational levels 
than many current older groups, especially the older females who make up 
the majority especially amongst the oldest old. Improved general and female 
education will have major impacts on knowledge of health and well-being in 
future decades, although this will take some whilst to fi lter through to the 
60+ cohorts.  

 –   Improved planning standards and investment in environmental conditions to 
reduce warming and heat island effects (sources of electricity, control of traf-
fi c, etc.), better drainage and other infrastructural improvements may 
enhance regional countries’ capacity to handle climate change and extreme 
weather events. These should ultimately benefi t all social and demographic 
groups.  

 –   Improved use of and affordability of technology such as air conditioning will 
make living with temperature rises more bearable for those with access to 
such amenities.  

 –   Finally, we predict that health planning will be extended and improved to 
include education about, and risk avoidance connected to, climate change.        

 The ultimate solution, of course, will be stopping warming and hopefully to halt 
and even reverse climate change; and some argue that climate change might already 
be slowing. However, the growing populations in the Southeast Asia subregion 
countries and cities, almost all of whom have or desire greater access to ‘modern’ 
facilities, vehicles and utilities, are more likely to push climate change along ever 
more rapidly. Here, we can look at current evidence from countries in the Asia- 
Pacifi c such as China, and some in Southeast Asia such as Thailand, Vietnam and 
Indonesia, which have already had substantial economic development that has 
involved enormous environmental impacts (almost all being adverse at the macro- 
environmental level). These impacts have included almost unrestrained and poorly 
planned urbanization, with accompanying pollution, air quality deterioration and 

3 Climate Change and the Health of Older People in Southeast Asia



50

fl ooding risk. Therefore, in most of Southeast Asia, taking practical steps to address 
climate change is a long way down the path. For today’s elderly cohorts, and all 
future older persons alive today, a warming world appears the most likely prospect, 
with considerable implications for their health and welfare.     
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    Chapter 4   
 Extreme Temperature Regions in India       

       S.  K.     Dash    

    Abstract     Identifying the regions of extreme temperature events involves an in- 
depth analysis of daily maximum and minimum temperatures all over India span-
ning a number of years. Such study over India is essential not only because of 
scientifi c interest but also for getting useful information for policy formulation. 
India is a land of variety with large spatial and temporal variations in topography, 
land conditions, surface air temperature, and rainfall. For scientifi c analysis, the 
landmass of the country is usually divided into seven temperature homogeneous 
zones. Therefore, the degree of temperature extremes may not be the same in each 
homogeneous zone. In this study, temperature extremes of different categories are 
examined in detail. Here we study the extreme temperature events in India based on 
1° × 1° resolution gridded datasets of the India Meteorological Department over the 
period 1969–2005. This study analyzes trends in daily maximum (TX) and daily 
minimum (TN) temperatures based on a set of six temperature indices for warm 
days and nights (TX90p, TX95p, TX99p, TX01p, TX05p, TX10p) and another set 
of six indices for cold days and nights (TN90p, TN95p, TN99p, TN01p, TN05p, 
TN10p). In total, 357 grids with 1° × 1° resolution each have been selected, and the 
above 12 temperature indices have been mapped over the whole of India. The entire 
country is found to have scattered grids with signatures of warming in terms of 
increase in the occurrence of warm days and warm nights and decrease in cold 
nights and cold days. In addition, there are two clusters of grids covering large areas 
in the west and peninsular India which may be considered as two hotspots. There is 
also a similar small patch in the north India.  
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4.1       Introduction 

 There is a growing belief that global warming is happening. Several sectors of the 
society are being affected by such warming of the atmosphere. Human health is one 
of the important sectors which show signs of being affected by the changes in cli-
matic parameters. Here health includes physical, social, and psychological well- 
being. Extreme cases of temperature, precipitation, wind, and moisture which may 
occur as a result of changing climate patterns may affect health both directly and 
indirectly. Of all the climatic parameters projected by the climate models, rising 
temperature is the most robust. Since warming atmosphere can hold more moisture, 
the chances of having extreme rainfall events are also more. It is observed that heat 
and cold waves are killing large number of people and severely affecting the lives of 
several others. The 2003 European heat wave killed about 21,000–35,000 people, 
and in the same year, about 3000 people were dead due to heat wave conditions in 
Andhra Pradesh (Bhadram et al.  2005 ). The super-cyclone of Odisha in 1999 caused 
death of about 10,000 and affected the lives of more than 10–15 million people. 
There are many examples of such cases of extreme weather events which directly 
cause death to living beings and bring about large-scale destruction. More intense 
and frequent extreme events such as extreme temperature and precipitation can 
directly give rise to several weather-related diseases. For example, it is noted that 
excess temperature brings in cases of asthma and cardiovascular diseases. If the 
nighttime temperature does not decrease in addition to increase in the daytime tem-
peratures, the situation becomes extremely unbearable and can become a killer 
event. Extreme temperature and humidity conditions may make breathing more dif-
fi cult. Warm air, sunshine, and pollutants especially from power plants and cars 
combine to produce ground-level ozone and smog. Changes in water, air, and food 
(both quality and quantity), ecosystems, agriculture, livelihoods, and infrastructure 
indirectly affect the hygiene and hence the health of the human being. Rising tem-
peratures further bring a host of conditions that can adversely affect the health of the 
people. For example, ozone levels may rise in urban areas. Increase in desertifi ca-
tion may create more dust and there may be more pollen in the atmosphere. In addi-
tion, disease-carrying insects may be more prevalent. Today, we fi nd more cases of 
infections and vector-borne diseases in different areas of the world that were never 
seen before. As an example, it is found that diseases that have commonly been 
found within the Mediterranean are now being seen as far as the Scandinavian coun-
tries (Pinkerton et al.  2012  reported by DeCapua  2012 ). Insects previously pre-
vented by cold winters have already started moving to higher latitudes, maybe 
toward the poles. 

 The effects of global warming on health are currently small but are projected by 
the Intergovernmental Panel on Climate Change (IPCC  2007 ) to progressively 
increase in all countries and regions. According to IPCC ( 2007 ), climate change has 
(1) altered the distribution of some infectious disease vectors (medium confi dence), 
(2) altered the seasonal distribution of some allergenic pollen species (high confi -
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dence), and (3) increased heat wave-related deaths (medium confi dence). Further, 
IPCC has projected that there will be (a) an increase in the number of people suffer-
ing from death, disease, and injury from heat waves, fl oods, storms, fi res, and 
droughts (high confi dence) and (b) a continuation in the change in the range of some 
infectious disease vectors and associated cardiorespiratory morbidity and mortality 
(high confi dence). One can think of some benefi ts to health too. This includes fewer 
deaths from cold, although it is expected that these will be outweighed by the nega-
tive effects of rising temperatures worldwide, especially in developing countries 
(high confi dence) (Costello et al.  2009 ). 

 Brunkard et al. ( 2008 ) examined the relationship between dengue prevalence in 
Mexico and the temperature and precipitation increases. They found that dengue 
has increased by 2.6 % 1 week after every 1 °C increase in weekly maximum tem-
perature and by 1.9 % 2 weeks after every 1 cm increase in weekly precipitation. It 
is seen that fl oods are frequently followed by diseases. There is evidence that dis-
eases transmitted by rodents sometimes increase during heavy rainfall and fl ooding 
due to various facts. First of all, rodents are driven out of their burrows. Mosquito 
breeding sites increase. Fungus growth increases in houses. Overall, the environ-
ment becomes conducive for the rodents to multiply. 

 Sikka and Kulshrestha ( 2001 ) carried out a comprehensive study of climate- 
related health issues in India and stated that there have been health and climate 
linkages in India in the earlier centuries also. This study has reported connec-
tion between seasonally locked disease patterns and disease dynamics such as 
fl u, respiratory diseases in winter, dengue, malaria, and waterborne diseases 
especially in summer. Dash and Kjellstrom ( 2011 ) have highlighted that in India 
there is a need to pay more attention to public health related to heat stress. 
Earlier, some studies have identifi ed heat stress as an important health risk in 
agricultural (Nag et al.  1980a ,  b ) as well as in the industrial sectors in India. In 
our country several agricultural laborers work for a long time exposed to the 
strong sun amidst high temperature and humidity conditions. Groups working in 
rural and semi-urban-based industries such as ceramics and pottery, iron and 
stone quarry, automotive and automotive parts manufacturing industries, and 
coal mines are potentially at risk being exposed during peak summer months. 
As per the present classifi cation by the India Meteorological Department (IMD), 
some heat events do not come under the category of heat waves and hence go 
unnoticed, but they can become dangerous for the exposed workers. In connec-
tion with the workplace heat stress in India, so far the major industrial sectors 
looked into include automotive (Ayyappan et al.  2009 ), coal mines (Mukherjee 
et al.  2004 ), ceramics and pottery (Parikh et al.  1978 ; Srivastava et al.  2000 ), 
iron works, stone quarry (Nag and Nag  2009 ), and textiles (Sankar et al.  2002 ). 
Several other labor-oriented sectors can also be explored where heat stress is 
one of the important issues concerning the workers who are completely or par-
tially exposed.  
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4.2     Important Studies Showing Evidence of Regional 
Warming 

 It is well known that the connection between the global and regional climate changes 
is complex. Comparison of the global and regional temperature variations shows that 
in some regions (Orr et al.  2004 ) the trends may be signifi cantly greater than the cor-
responding global trends. In some other regions, local trends may also be less than 
global trends or may even exhibit opposite behavior, especially in the case of precipi-
tation. When one considers the cities, it should be understood that the observed 
warming is not only due to the increase of greenhouse gases (GHG) but also due to 
urbanization (Nasrallah and Balling  1993 ). A study by Jones et al. ( 1990 ) on urban-
ization and related temperature variation indicates that the impact of urbanization on 
the mean surface temperature is up to 05 °C per 100 years. On the other hand, a study 
by Fujibe ( 1995 ) reports a rising trend of 2–5 °C per 100 years in minimum tempera-
ture at several large cities of Japan. For uniform scientifi c analysis across the world, 
the Expert Team on Climate Change Detection and Indices (ETCCDI) has defi ned 
some important temperature and precipitation indices. ETCCDI modifi ed some 
guidelines that are used to examine the changes in climatic extremes over a period of 
time and is explained by Klein Tank et al. ( 2009 ). Several studies (e.g., Alexander 
et al.  2006 ; Yan et al.  2002 ; New et al.  2006 ; Sterl et al.  2008 ) have used ETCCDI 
criteria in their analysis of extreme events. Alexander et al. ( 2006 ) have reported 
about 70 % of total land areas sampled across the world having signifi cant increase 
and decrease in the annual occurrence of warm nights and cold nights, respectively, 
during the period 1951–2003. Yan et al. ( 2002 ) examined the temperature exceedences 
in Europe and China and found increase in warm extremes since 1960 particularly 
during the summer months. Gradual decrease in cold extremes in winter has per-
sisted during the twentieth century. Based on IPCC model simulations under SRES 
A1B emission scenarios, it is inferred that along with the enhancement in atmo-
spheric warming, the ratio of record highs to record lows will continue to increase. 
Sterl et al. ( 2008 ) examined ECHAM5/MPI-OM coupled climate model simulations 
and projected global mean surface warming of 3.5 K by the end of twenty-fi rst cen-
tury and more severe extreme annual maximum temperatures in densely populated 
areas like India and the Middle East. Meehl et al. ( 2009 ) have reported more increase 
in the record high maximum temperatures than record low minimum temperatures 
since late 1970s. Further, they have found 30 % more warming in the model simula-
tions than in the observations by early twenty- fi rst century.  

4.3     Spatial and Temporal Changes in Indian Temperature 

 Due to the large geographical spread of India cutting across several latitude circles 
and meridians, the country experiences large spatial and temporal variations in tem-
perature and rainfall. During the 4 months from June to September, the southwest 
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summer monsoon prevails over the country, and hence the dominant weather sys-
tems include cloudy sky, humid atmosphere, rainy days, strong winds, cyclonic sys-
tems, and several such systems usually associated with monsoon climate. Often 
there are incessant rainfall and sometimes heavy downpours leading to waterlog-
ging and urban fl ooding. During October to December, the northeast winter mon-
soon and the weather systems called the western disturbances affect the weather of 
the country in general. In the winter months of January and February, the northern 
part of the country sometimes experiences cold wave conditions. Chilled wind 
accompanied by rainfall makes the life diffi cult for the people living in the northern 
part of India. Some people having limited or no access to a comfortable shelter also 
lose their lives. We experience different types of extreme weather events occurring 
in different parts of India. Cold waves, prolonged fog, heavy snowfall, and fl ash 
fl oods are mostly confi ned to the northern part of India; cyclonic storms, storm 
surges, heavy rainfall, and fl oods are usually observed in the coastal regions whereas 
heat waves, dry spells, and droughts largely occur in the central India. In the last 
decade or so, heat waves are becoming more prevalent in the states like Odisha and 
Andhra Pradesh in the east coast (Dash et al.  2007 ), and there are incidents of very 
heavy rains in Mumbai and Balmer in the west. 

 In order to conduct regional climate change studies in India, it is convenient to 
divide the entire country into six rainfall homogeneous zones (Parthasarthy et al. 
 1995 ) and seven temperature homogeneous zones (  www.tropmet.res.in    ). So far as 
rainfall extremes are concerned, Dash et al. ( 2002 ) examined the seasonal mean 
monsoon rainfall over India and fi ve of its rainfall homogeneous zones and showed 
large variability in the spatial distribution of rainfall over the country. Further, Dash 
et al. ( 2009 ) used gridded rainfall datasets prepared by the IMD for the period 
1951–2004 to study the possible changes in the frequency of rain events in India 
with respect to their duration and intensity on a daily basis. They classifi ed the dura-
tion of rainfall as short, long, dry, or prolonged dry spells. Likewise, they catego-
rized the intensity of rainfall as low, moderate, or heavy. They concluded that the 
frequency of heavy rain days increased signifi cantly in the North East India. Dash 
et al. ( 2011 ) also studied the changes in the long and short spells of different rain 
intensities over entire India by utilizing IMD daily gridded rainfall dataset for the 
period 1951–2008. In addition, they have also examined regional changes in rainfall 
in different homogeneous zones as well as in nine agrometeorological divisions. 
Their study shows that over the entire country, short spells of heavy-intensity rain 
have risen and long spells of moderate- and low-intensity rain have decreased dur-
ing the summer monsoon season in the past 50 years. 

 According to IPCC ( 2007 ), globally extreme temperature events will increase in 
frequency and duration owing to global warming. In the context of India, it may be 
noted that all homogeneous zones do not exhibit similar changes in the characteris-
tics. There are regional disparities depending upon the climate types of the region of 
concern. Based on local climatic conditions, IMD defi ned heat and cold wave con-
ditions which are given in Table  4.1 , and they operationally use these criteria to 
declare heat and cold wave conditions where necessary. Several scientists have used 
these criteria to study the changes in the extreme temperature events in India. As 
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compared by De and Mukhopadhyay ( 1998 ), the heat wave conditions were com-
paratively higher in the decade ending 1979 than those in the previous decade 1979–
1988. In contrast to the heat wave conditions in the central India plains and coastal 
regions, the cold wave conditions are usually observed in the hilly regions in north 
India and adjoining plains. Pai et al. ( 2004 ) have reported signifi cant increase in the 
frequency, persistence, and spatial coverage of extreme temperature events in the 
decade 1991–2000 compared to the two earlier decades 1971–1990. Pai et al. ( 2004 ) 
have also inferred that cold wave conditions were most experienced in the west 
Madhya Pradesh, Jammu and Kashmir, and Punjab in the decades 1971–1980, 
1981–1990, and 1991–2000, respectively. De et al. ( 2005 ) based on observations 
have inferred that the occurrence of cold wave conditions in the last century was 
maximum in the Jammu and Kashmir region followed by Rajasthan and Uttar 
Pradesh. Dash et al. ( 2007 ) and Dash and Hunt ( 2007 ) based on observational data 
have examined the changes in the characteristics of surface air temperatures during 
the last century over seven homogeneous regions in India. Dash et al. ( 2007 ) identi-
fi ed maximum increase in the daily maximum temperatures in the West Coast in 
comparison to other homogeneous regions. They have discussed the heat wave con-
ditions that occurred in the East Coast of India during the period 19 May to 10 June 
in the year 2003 and have identifi ed four stations where the maximum temperatures 
crossed their respective 100-year maximum values by about 1 °C or so. Similar 
unusual severe heat wave conditions were reported to have occurred in a large part 
of India in the second half of May 1998. Maximum number of heat wave conditions 
were reported between the years 1980 and 1998.

   Kothawale et al. ( 2010 ) have reported signifi cant increase in the numbers of hot 
days in the East Coast, West Coast, and Interior Peninsula and decrease in the num-
bers of cold days over the Western Himalaya and West Coast during March to May. 
In their study, hot nights showed signifi cant increasing trends in East Coast, West 
Coast, and North West. For India as a whole, their study shows that hot days and 
nights have increasing trends, and cold days and nights have decreasing trends. In 

   Table 4.1    Defi nitions of heat/cold-wave conditions used by the IMD for their operational purposes   

 Heat-wave conditions  Cold-wave conditions 

 Heat wave condition is considered when max 
temperature (T max ) of a station in the plains 
reaches at least 40 °C; in other regions it is 
30 °C 

 The actual min temperature (T min ) of a station 
should be reduced to windchill effective min 
temperature (WCTn); cold-wave condition is 
considered when WCTn ≤ 10 °C 

 Normal T max   Departure of T max  from normal  Normal T min   Departure of T min  from normal 
 ≤40 °C  5°–6 °C: heat wave  ≥ 10 °C  From −5° to −6 °C:cold wave 

 ≥7 °C: severe heat wave  −7 °C or less: severe cold wave 
 >40 °C  4°–5 °C: heat wave  <10 °C  From −4° to −5 °C:cold wave 

 ≥ 6 °C: severe heat wave  −6 °C or less: severe cold wave 
 When actual T max  remains ≥ 45 °C, heat-wave 
condition is declared irrespective of normal 
T max  

 When WCTn is ≤ 0 °C, cold-wave condition 
is declared irrespective of normal T min  of the 
station 

  From   http://www.imd.gov.in/      
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several parts of India, warm weather conditions are also noticed in the months of 
June and July. In the recent past, IMD has developed a high-resolution daily 
(Rajeevan et al.  2006 ) gridded temperature dataset at 1 × 1 degree resolution over 
Indian land area. Srivastava et al. ( 2009 ) in their study have used measurements at 
395 quality-controlled stations and interpolated the station data into grids with the 
modifi ed version of Shepard’s angular distance-weighting algorithm (Shepard 
 1968 ). Further, while preparing IMD gridded temperature data, the time series of 
the actual station data and the interpolated grid data for the period 1969–2005 were 
cross-validated by calculating the root-mean-square errors (RMSE). These errors 
associated with the interpolation scheme used in preparing gridded temperature val-
ues over the plains were found to be up to 0.5 °C. However, the errors were rela-
tively large in the hilly regions such as Jammu and Kashmir and Uttarakhand where 
there were sparse sources of observational data. Dash and Mamgain ( 2011 ) used 
these gridded data in their study and have defi ned summer and winter seasons based 
on threshold approach over entire India and its seven temperature homogeneous 
regions and categorized temperature exceedences as moderate and severe. Their 
study is based on actual warm/cold periods across all the months. It may be noted 
that durations of weather extremes are as important as their intensities. Mild- 
intensity heat or cold waves persisting for longer duration can create equal or some-
times more harm than high-intensity events of short duration. In their study, Dash 
and Mamgain ( 2011 ) have emphasized on the changes in the characteristics of long 
and short spells of temperature extremes. They have followed the guidelines sug-
gested by ETCCDI to characterize the extreme categories of surface air tempera-
tures over the period 1969–2005. They have examined the changes in the numbers 
of warm days and nights, cold days and nights, Warm Spell Duration Index (WSDI), 
and Cold Spell Duration Index (CSDI) for the seven different temperature homoge-
neous regions of India. The method of identifying extreme temperature events had 
been cross-validated by Dash and Mamgain ( 2011 ) with the actual heat and cold 
wave events declared by IMD at some selected stations as per the actual observa-
tions. Nevertheless, they have found differences in the characteristics of extreme 
temperature events occurring in the different regions of India. 

 The report prepared by INCCA ( 2010 ) presents the sectoral and regional analy-
ses of the climate of the country in the current years of 1970–2005 and also during 
the coming years of 2030. This report infers that the frequency of cold nights has 
decreased at a rate of 0.9 nights per decade during the period 1970–2005. Their 
results indicate that the two homogeneous zones Western Himalayas and North East 
have signifi cantly decreasing trends in the frequency of cold nights. Also, the 
 frequency of hot days has increased over all the homogeneous regions except in 
North East India. 

 It is well known that although climate change is a global phenomenon, its impacts 
are local. There have been costly impacts on city’s basic services, infrastructure, 
housing, human livelihoods, and health. Hence, it is very essential to examine in 
detail the current climate of the big cities and also to critically estimate their future 
projections. These scientifi c results may help the local bodies at the city level as 
guidelines to formulate their future growth plan. So far as warming of Indian cities 
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is concerned, several studies have looked into the impact of urbanization and indus-
trialization. Rupa Kumar and Hingane ( 1988 ) had reported the results of the analy-
sis of long-term trends of surface air temperatures of six industrial cities in India. 
They concluded that Calcutta, Bombay, and Bangalore showed signifi cant warming 
trends, whereas Madras and Pune did not show any signifi cant trend. In their study, 
Delhi showed a signifi cant cooling trend. De and Prakash Rao ( 2004 ) examined the 
trends in the climatic parameters in 14 urban cities in India, which have population 
exceeding 10 lakhs each. Nine stations show increasing signifi cant trends in annual 
and monsoon rainfall during the period 1951–2000 when rapid development took 
place over these urban locations. Prakasa Rao et al. ( 2004 ) examined the effect of 
urbanization on the meteorological parameters at 15 Indian cities and found that 
radiation values, bright sunshine hours, wind speeds, and total cloud amounts have 
a decreasing tendency during the last 40–50 years whereas relative humidity and 
rainfall amounts show increasing tendency in some cities. It may be noted that 
increasing amounts of aerosols in the atmosphere can cut the amount of sunlight 
reaching the ground and hence lead to decrease in bright sunshine hours. Prakasa 
Rao et al. ( 2004 ) have examined the effect of urbanization in 15 cities in India dur-
ing the second half of the last century and concluded that the frequency of occur-
rence of summertime maximum temperature more than 35 °C has decreasing trend 
in north India and increasing trend in south India. They also inferred that occurrence 
of wintertime minimum temperatures with values less than 10 °C has shown increas-
ing trend in northern Indian cities. However, they did not fi nd statistical signifi cance 
in case of all the cities considered. Rao et al. ( 2005 ) analyzed the extreme weather 
events such as high and low temperatures and heavy rainfall in connection with the 
climate change over India and concluded that during summer, 60–70 % of the 
coastal stations show increasing trends in the extreme values of maximum day- and 
nighttime temperatures. 

 In order to examine the changes in the temperature at city level in India, Dash 
et al. ( 2011 ) selected four cities, Howrah, Visakhapatnam, Madurai, and Kochi, and 
used temperature values from various sources such as gridded data prepared by IMD 
and daily observed values obtained from the respective IMD (  www.imd.gov.in    ) 
meteorological observatories and also from the simulations of various IPCC models. 
The study has been carried out for the current climate, the near future, and at the end 
of the century. The temperature patterns are also analyzed for the meteorological 
subdivisions and homogeneous zones where the four cities are located. Meteorological 
subdivisions include Gangetic West Bengal, Coastal Andhra Pradesh, Tamil Nadu 
and Pondicherry, and Kerala where the cities Howrah, Visakhapatnam, Madurai, and 
Kochi are located, respectively. Howrah and Kochi are situated in North East and 
West Coast temperature homogeneous zones, respectively. The two cities Madurai 
and Visakhapatnam are situated in East Coast temperature homogeneous zone. It is 
well known that climate change has large uncertainties especially when one exam-
ines climate change at a particular location, for example, in a city, and the uncertain-
ties may become larger. While identifying the changes in the climatic factors at a 
place, it is also necessary to examine the corresponding changes in the same factors 
in the surrounding areas. The robustness of any change at a place depends on similar 
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changes in the larger area surrounding that place. Hence, in their study, Dash et al. 
( 2011 ) have considered the changes occurred in the respective meteorological subdi-
visions and homogeneous zones in addition to the cities. For example, increase in 
temperature is considered to be a robust indication in a city if similar increase is 
found in its meteorological subdivision and temperature homogeneous zone. If the 
nature of increase in a city matches with that either in the meteorological subdivision 
or homogeneous zone, it is termed as somewhat robust. The changes in the extreme 
temperature types have mixed results at the four cities. Results show that at Howrah, 
warm days of the types TX90p, TX95p, and TX99p and warm nights of types TN90p, 
TN95p, and TN99p do not show any signifi cant trend. At Visakhapatnam and Kochi, 
warm days TX90p, TX95p, and TX99p and warm nights TN90p, TN95p, and TN99p 
show increasing trends without any statistical signifi cance. Cold days (TX10p, 
TX05, and TX01p) and cold nights (TN10p, TN05p, and TN01p) at Visakhapatnam 
show insignifi cant decreasing trends. At Madurai, warm nights (TN90p, TN95p, and 
TN99p) show increasing trends without any statistical signifi cance. The statistically 
signifi cant results are as follows. At Howrah, cold days of all the three types TX10p, 
TX05, and TX01p and cold nights of the types TN10p and TN05p show increasing 
and decreasing trends signifi cant at 95 % and 90 % confi dence levels, respectively. 
Cold nights show decreasing trends signifi cant at 10 % level. At Madurai, warm days 
of the types TX90p and TX95p show increasing trends signifi cant at 95 % confi dence 
level and cold days of the types TX10p and TX05p show decreasing trends signifi -
cant at 95 % confi dence level. Cold nights TN10p and TN05p show decreasing trends 
signifi cant at 90 % and 95 % confi dence levels, respectively. At Kochi, cold days of 
the types TX10p and TX05p and cold nights TN10p show decreasing trends signifi -
cant at 95 % and 90 % confi dence levels, respectively.  

4.4     Identifi cation of Extreme Temperature Regions in India 

 As mentioned above, for the convenience of scientifi c analysis, India has been 
divided (  www.tropmet.res.in    ) into seven homogeneous temperature regions (Fig. 
 4.1 ) on the basis of surface air temperature characteristics across the country. These 
regions are named as the East Coast (EC), Interior Peninsula (IP), North Central 
(NC), North East (NE), North West (NW), Western Himalaya (WH), and West 
Coast (WC). TCCDI has defi ned a core set of 27 extreme indices for temperature 
and precipitation, out of which 16 are temperature related. The list of the tempera-
ture indices calculated in this study is given in Table  4.2 . As noted earlier, in our 
study, IMD gridded maximum and minimum temperature datasets for the years 
1969–2005 are used. Maximum temperatures are used to estimate the number of 
warm and cold days and minimum temperatures are used to fi nd out the warm and 
cold nights. We calculate these indices over each grid point in the country based on 
1° × 1° resolution IMD gridded datasets. This exercise is conducted for a total of 357 
grid points over the Indian mainland. It is to be noted that, along the northern part 
of India in the state of Jammu and Kashmir, few grid points have no or undefi ned 
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  Fig. 4.1    Seven temperature homogeneous regions of India (Source:   www.tropmet.res.in    )       

   Table 4.2    Defi nitions of extreme-temperature indices used in this study on the basis of gridded 
data.   

 Temperature Indices  Names  Defi nition 

 TX90p, TX95p, TX99p  Warm days  Count of days on which max temperature 
TX > 90th, 95th, and 99th percentile, respectively 

 TN90p, TN95p, TN99p  Warm nights  Count of days on which min temperature 
TN > 90th, 95th, and 99th percentile, respectively 

 TX10p, TX05p, TX01p  Cold days  Count of days on which max temperature 
TX < 10th, 5th, and 1th percentile, respectively 

 TN10p, TN05p, TN01p  Cold nights  Count of days on which min temperature 
TN < 10th, 5th, and 1th percentile, respectively 
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data due to diffi cult terrain and lack of data availability at higher-altitude 
locations.

    The exact lengths of summer and winter seasons differ from one region to the 
other in our country. Hence, in this study, fi rst the annual data series for each region 
are used to separate those above the 75th percentile and those below the 25th per-
centile. Then the extents of summer and winter periods for that region are identifi ed 
by analyzing threshold values of temperatures above the 75th percentile and below 
the 25th percentile, respectively. Thus identifi ed summer period is then used to cal-
culate 90th, 95th, and 99th percentile. Similarly, winter period is used to calculate 
10th, 5th, and 1st percentiles. IMD recorded temperatures at synoptic hours 0530 h 
(0000 UTC) and 1430 h (0900 UTC) Indian standard times (IST) are accepted as 
daily minimum and maximum temperatures, respectively. For detection of trends, 
the Mann–Kendall rank-based test (Kendall  1975 ) has been done. 

 In Fig.  4.2 , warm days of the type TX90p show increase at 27 and 31 grid loca-
tions signifi cant at 90 % and 95 % confi dence levels, respectively, over entire India. 
However, TX90p also decreases signifi cantly at seven grid locations. The southern 
part of India shows more increase in warm days signifi cant at 95 % confi dence level 
than northern parts of India. Maharashtra and Andhra Pradesh are identifi ed as the 
hotspots for the warm days of the type TX90p. A small area covering some parts of 
Punjab, Himachal Pradesh, and Uttarakhand also shows increase in warm days of 
the type TX90p, but at lesser signifi cance. There are also isolated grids in Arunachal 
Pradesh, Tripura, Mizoram, and Manipur indicating decrease in warm days of the 
type TX90p signifi cant at 90 % and 95 % confi dence levels. In addition there are 
some grid locations in Uttar Pradesh, Bihar, and Rajasthan showing signifi cant 
increase in warm days. Warm days of the type TX95p indicate increasing trends 
(not shown in fi gure) at a few locations in Maharashtra and Rajasthan, the same 
decrease at a few locations in Meghalaya and Manipur.

   Figure  4.3  shows the occurrence of cold days of the type TX10p decreasing at 35 
and 37 grid locations signifi cant at 90 % and 95 % confi dence levels, respectively, 
scattered across the entire country. However, TX10p also increases signifi cantly at 
15 grid locations. The southern part of India shows more decrease in cold days sig-
nifi cant at 95 % and 90 % confi dence levels compared to the northern part. The most 
prominent hotspot for decrease in cold days of the type TX10p in peninsular India 
covers major part of Andhra Pradesh, North Karnataka, southern Maharashtra, and 
small part of Tamil Nadu. In the north, a smaller area covering Punjab, Uttarakhand, 
and Himachal Pradesh also indicates signifi cant decrease in cold days. In the North 
East region, some scattered grids in Arunachal Pradesh, Tripura, Mizoram, and 
Manipur also show signifi cant decrease in cold days. However, some grid locations 
near Assam and Meghalaya show signifi cant increase in cold days signifi cant at 
95 % confi dence level. Similarly, grid locations in Madhya Pradesh show signifi cant 
increase in cold days signifi cant at 95 % confi dence level. Cold days of the type 
TX05p indicate decreasing trend at few locations in Andhra Pradesh. Over some 
grid locations in Maharashtra, Andhra Pradesh, Punjab, Himachal Pradesh, and 
Bihar, both warm days of the type TX90p and cold days of the type TX10p increase 
and decrease, respectively. These results indicate signifi cant increase in the daytime 
temperatures over these regions.
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   Number of warm nights of the type TN90p indicates increasing (Fig.  4.4 ) trend 
at 15, 9, and 4 grid locations signifi cant at 90 %, 95 %, and 99 % confi dence levels, 
respectively, over entire India. However, TN90p also decreases signifi cantly at eight 
grid locations. A small area in the south consisting of regions from Tamil Nadu, 
Kerala, and Karnataka shows more increase in warm nights signifi cant at 95 % and 
90 % confi dence levels than the northern and other parts of India. Some locations in 
Maharashtra, Gujarat, and Tamil Nadu in the south and Uttarakhand and Himachal 
Pradesh in the north show more increase in warm nights. In the North East region, 
some isolated grid locations in Arunachal Pradesh, Meghalaya, and Manipur also 
indicate signifi cant increase in warm nights at 90 % confi dence level. Some grid 

  Fig. 4.2    Warm days of the type TX90p based on IMD gridded maximum temperature during 
1969–2005       
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locations in Madhya Pradesh and Chhattisgarh show signifi cant decrease in warm 
nights at 95 % confi dence level.

   Figure  4.5  shows the changes in the number of cold nights of the type TN10p. As 
depicted in this fi gure, TN10p decreases at 9, 9, and 8 grid locations signifi cant at 90 %, 
95 %, and 99 % confi dence levels, respectively. The prominent region of decrease in 
cold nights signifi cant at 95 % and 99 % confi dence levels lies in the southwest India 
which includes Gujarat and Maharashtra. In addition, some locations in Tamil Nadu 
and Madhya Pradesh indicate decrease in cold nights. Also cold nights show decrease 
in isolated grids in Himachal Pradesh, Uttarakhand, Bihar, and Arunachal Pradesh. 
These results indicate an increase in nighttime temperature over these regions.

  Fig. 4.3    Cold days of the type TX10p based on IMD gridded maximum temperature during 
1969–2005       
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   Figure  4.6  depicts extreme cases of warm nights TN95p and cold nights TN05p. 
As seen in this fi gure, increase in the number of warm nights of the type TN95p is 
confi ned to the area in the northwest consisting of Gujarat and Maharashtra. 
Similarly there is another area in the south consisting of Tamil Nadu, Kerala, and 
Karnataka where warm nights show signifi cant increasing trend. Some locations in 
Madhya Pradesh show decrease in cold nights signifi cant at 95 % confi dence level. 
At few locations in Maharashtra, Gujarat, and Madhya Pradesh, cold nights of the 
type TN05p decrease in number. Over some grid locations in Gujarat and 
Maharashtra, both warm nights of type TN90p and cold nights of type TN10p show 
increase and decrease, respectively. These signals point to signifi cant increase in the 
nighttime temperatures over these regions.

  Fig. 4.4    Warm nights of the type TN90p based on IMD gridded minimum temperature during 
1969–2005       
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4.5        Conclusions 

 This study has been undertaken to identify extreme temperature regions in India 
based on IMD gridded dataset during the period 1969–2005 at 1° × 1° resolution. 
Statistical analysis yields that isolated grid points with increasing occurrence of 
warm days and nights and decreasing trends in cold days and nights are scattered all 
over the country. In addition, there are some large areas (with clusters of grid points) 
showing signatures of temperature extremes which can be identifi ed as hotspots. 
For example, Maharashtra and Andhra Pradesh are identifi ed as the hotspots for the 
warm days of the type TX90p. A small area covering some parts of Punjab, Himachal 
Pradesh, and Uttarakhand also shows increase in warm days TX90p, but at lesser 

  Fig. 4.5    Cold nights of the type TN10p based on IMD gridded minimum temperature during 
1969–2005       
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statistical signifi cance. The most prominent hotspot for decrease in cold days of the 
type TX10p in peninsular India covers major part of Andhra Pradesh, North 
Karnataka, southern Maharashtra, and small part of Tamil Nadu. In the north, a 
smaller area covering Punjab, Uttarakhand, and Himachal Pradesh also indicates 
signifi cant decrease in cold days. Increase in the number of cold nights is confi ned 
to a small area in the south consisting of regions from Tamil Nadu, Kerala, and 
Karnataka. The prominent region of decrease in cold nights signifi cant at 95 % and 
99 % confi dence levels lies in the southwest India which includes Gujarat and 
Maharashtra. Increase in the number of warm nights of the type TN95p is confi ned 
to an area in the northwest consisting of Gujarat and Maharashtra. Similarly there is 
another area in the south consisting of Tamil Nadu, Kerala, and Karnataka where 
warm nights show signifi cant increasing trend. Some locations in Madhya Pradesh 
show decrease in cold nights signifi cant at 95 % confi dence level.     

  Fig. 4.6    Warm nights of the type TN95p and cold nights of the type TN05p based on IMD gridded 
minimum temperature during 1969–2005       
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    Chapter 5   
 Rapid Deglaciation on the Southeast-Facing 
Slopes of Kanchenjunga Under the Present 
State of Global Climate Change and Its 
Impact on the Human Health in This Part 
of the Sikkim Himalaya       

       Guru     Prasad     Chattopadhyay     ,     Dilli     Ram     Dahal    , and     Anasuya     Das   

    Abstract     Rapid change in climate through the Quaternary under the impact of 
global warming and its impact on the snow fi elds and glaciers of the Inner Himalayan 
parts have attracted many geoscientists over the last four decades. But little work has 
been done so far to assess the impact of climate change and its impact on the size 
reduction of glaciers as well as on the human health in the surrounding settlement 
areas of the glaciers. This paper is a revelation and discussion on the present pattern 
of retreat of the major glaciers in the southeast-facing slopes of Kanchenjunga in the 
Sikkim Himalaya under the present state of global warming. Studies on the calcula-
tion of trim line of the fresh moraines of the two main glaciers, namely, Rathong and 
Onglaktang, have revealed that these glaciers have retreated remarkably over the last 
50 years experiencing a volume reduction of more than 70 % during this limited time 
period. These glaciers are considered to be among the fastest retreating glaciers in 
any part of the Himalaya. This feature can be attributed to the rapid climatic amelio-
ration in the present day. According to meteorological data made available, a rise of 
about 1 °C in the atmospheric temperature in this part of the Himalaya has taken 
place. The discharged pattern of the rivers, fed by the meltwater from these glaciers, 
has been very erratic and temperamental, thus causing fl ash fl oods particularly over 
the last two decades. Snowfall on the higher parts of the mountain has diminished in 
recent years, and the winter season of the year has shortened to a marked extent. 
Survey in the three settlement areas in this western part of the Sikkim Himalaya on 
human health status, based on random sampling, shows that incidences of some par-
ticular diseases, like skin problems and asthma, which were rare earlier, are spread-
ing signifi cantly among the inhabitants in this part of the Sikkim Himalaya.  
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5.1       Introduction 

 Over the last 100 years, the earth’s average surface temperature has increased by 
about 0.8 °C (ICIMOD  2009 ) with about two thirds of the increase occurring over 
just the last three decades. A number of previous workers have reported conditions 
of retreat of the Himalayan glaciers and the resultant topographic features, viz. from 
the Western Himalaya by de Terra and Hutchinson ( 1936 ), from the Central (Nepal) 
Himalaya by Fuji and Higuchi ( 1976 ) and from the Eastern Himalaya by Kar ( 1969 ). 
Recent works by this author (Chattopadhyay  1985 ,  1998a ,  b ,  2008 ,  2009 ,  2011a ,  b , 
 2012a ,  b ,  c ) have thrown some light on the characteristic features of the Quaternary 
environmental changes in this part of the Eastern Himalaya. An attempt has been 
made here to describe the present state of deglaciation in the Kanchenjunga summit 
area of the Sikkim Himalaya and its impact on the surrounding mountainous terrain 
of the Himalaya. 

5.1.1     Physical Environment of the Study Area 

 The study was concentrated upon the area around the southeast-facing slopes of the 
Kanchenjunga summit complex through the valleys of Onglaktang and Rathong 
glaciers around Dzongri Pass in the Sikkim Himalaya (Fig.  5.1 ). The area is a rug-
ged mountainous tract formed by the main ridges of Singalila that ascends gradually 
to Kanchenjunga summit (8598 m). The two main streams in this part, fed by the 
glaciers, are Churang Chhu and Prek Chhu, the headwaters of the Rangit River. The 
timberline rests at about 4000 m and the perpetual snow line begins from about 
5500 m. Geologically and structurally this area falls within the region of ‘Darjeeling 
Gneiss’ (Gansser  1964 ). 

 The ground surface of the fi rst 200 m above the timber line resembles an Alpine 
meadow. On the bare mountain slopes, frost-shattered (periglacial) detritus, com-
prising mostly massive gneissic boulders, occur extensively (Chattopadhyay 
 1985 ). Numerous morainic ridges of pre-existing glaciers markedly traverse the 
main river valleys and the ridge walls ascending up to the snow line. The two main 
valley glaciers that exist today are the Onglaktang glacier, the source of Prek 
Chhu stream, and the Rathong glacier, the source of Churang Chhu stream. Both 
the glaciers are fed by the ice of the main neveé fi eld of Kanchenjunga summit 
complex at its south face. 
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 In order to ascertain the maximum previous extent of the Onglaktang and 
Rathong glaciers, several glaciofl uvial landforms like successive loops of lateral 
and terminal moraines and other drift limits were studied in detail. These features 
have been used for reconstructing the glacial history of this region.  

5.1.2     Methodology of Study Followed 

 The extent and limits of the main valley glaciers, other miniature valley-wall gla-
ciers and the morainic ridges around them were marked on the base map prepared 
from the topographic map of Sikkim on 1:150,000, made available from the 
University of Bern, Switzerland. For the purpose of detailed cartographic represen-
tation of glacial features, the original map was enlarged to 1:75,000. This map was 
corrected in the fi eld by through fi eld investigations. Landsat and IRS data were 
used to detect the temporal change of the conditions of the glaciers. The two gla-
ciers, selected for detailed study, were Rathong and Onglaktang glaciers. Former 
maximum volume of these two glaciers was calculated from reconstruction through 
the projection of height and extent of the trim lines of the existing fresh lateral and 
terminal morainic drifts.   

  Fig. 5.1    Map showing the environment around the snout of the Rathong glacier with the existence 
of meltwater lakes       
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5.2     Pattern of Retreat of the Rathong and Onglaktang 
Glaciers 

5.2.1     Retreat of the Rathong Glacier 

 Rathong glacier, having its source from the neveé fi eld around the Kabru Dome 
(6600 m) summit, descends over the west-facing slope of the mountain. The source 
of this glacier lies at an elevation of 6200 m (27°36′ N, 88°06′ E). With a total 
length and average width of about 4 km and 800 m, respectively, it extends south-
eastward through the main trough between Koktang (6147 m) and Kabru Dome 
(6600 m) down to about 4800 m from where the headwater of the Churang Chhu 
stream rises. 

 In a glacier-occupied valley, maximum height of the fresh lateral moraine (trim 
line) usually corresponds to the height of the surface of the glacier mass at its maxi-
mum volume increase in the past. This parameter has been used here to estimate the 
former thickness of the valley glaciers. The fresh morainic ridge, showing the evi-
dence of its recent retreat following the Stage III advance, occurs at an approximate 
distance of 1.2 km from the snout. A reconnaissance survey of the present condition 
of the Rathong glacier was conducted on foot from the Himalayan Mountaineering 
Institute Base Camp (4500 m) upward over the fresh (Stage III) morainic ridges and 
the glacier body itself, up to the corrie lake of Dudh Pokhari. With close observation 
and measurements with reference to the base map, the existing average length, 
width and depth of this glacier have been recorded as 4000 m, 800 m and 50 m, 
respectively. This gives the existing volume of the glacier as (4000 m × 800 m × 50 m =) 
160 million m 3  (Plates  5.1  and  5.2 ).

    The extent of fresh lateral morainic loop of the Rathong has been used as the basis 
for calculating the former maximum volume. Here, the average height of the fresh 
lateral moraine, corresponding to Stage III, from the glacier surface is about 70 m, 
and the average distance between the highest parts of the lateral morainic ridge on 
both sides of the glacier is about 1500 m. On the basis of this observation, the recon-
structed former depth, width and length of the glacier would be (50 m + 70 m =) 
120 m, 1500 m and 5200 m, respectively. Therefore, the calculated former volume of 
the Rathong would be (5200 m × 1500 m × 120 m =) 936 million m 3 . This suggests 
that, with the recent retreat (following the Stage III advance), the volume of this 
glacier has reduced to about 17.09 % (less than one fi fth) of its original size. 

 The most remarkable morphological feature around the Rathong glacier is the 
accumulation of fresh hummocky moraines mingled with detached parts of the gla-
cier ice, which cover extensive part of the recently deglaciated valley for a distance 
of about 1 km. This gives a certain indication of the existing rapid rate of glacier 
retreat. Field observation of its upper part also revealed that after the complete dis-
appearance of the original neveé fi eld around the Rathong pass, this glacier now 
owes its supply only from the neveé fi eld on the southerly slope of the Kabru 
summit.  
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5.2.2     Retreat of the Onglaktang Glacier 

 Onglaktang glacier, situated in the northeastern part of the study area, is nourished 
by the same ice fi eld as the Rathong glacier, around the Kabru Dome (6600 m). It 
extends to the south-southeast through the valley for a distance of about 5 km. The 
source of this glacier lies at an elevation of 6000 m (27°36′ N, 88°08′ E). Its average 
width is about one kilometre and its snout rests at about 4500 m from where the 
headwater of the Prek Chhu stream originates. Its two original tributary glaciers, 
one extending from the Forked Peak (6108 m) to the west and the other from the 
Pandim (6691 m) summit to the east, are now completely detached as a result of 
their apparent retreat. 

 The existence of fresh terminal morainic ridge, at a distance of about 1 km 
downstream from the present snout, clearly suggests that this glacier has retreated 
about 1 km following the Stage III advance. For a thorough investigation of the 
present condition and the stretch of this glacier, the adjacent valley area beyond the 
Samiti Lake up to Jemathang for a distance of about 6 km was traversed on foot. 
With close observation and measurements in the fi eld using the base map, average 
width and depth of the Onglaktang glacier have been recorded as 800 m and 60 m, 

  Plate 5.1    Rapidly melting Rathong glacier       
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respectively. Hence, considering its present length (5,000 m), width and depth, the 
 approximate volume of the Onglaktang glacier would be (5000 m × 800 m × 60 m =) 
240 million m 3 . 

 The average height of the fresh lateral moraine (corresponding to Stage III) from 
the existing surface of the Onglaktang glacier is about 70 m, whilst the average 
distance between the highest part of the lateral moraines on both sides across the 
glacier is about 1,000 m. This indicates that the former average depth and width of 
the glacier were (60 m + 0 m =) 130 m and 1,000 m, respectively. Considering the 
recent retreat of 1,000 m, the former length of the glacier would be (5,000 m + l,000 m 
=) 6,000 m. Hence, the reconstructed volume of the Onglaktang glacier, at its maxi-
mum during the Stage III advance, would be (6,000 m × l,000 m × 130 m =) 780 
million m 3 . This suggests that with the recent retreat (after the Stage III advance), 
the volume of the glacier has reduced to about 30.77 % (i.e., less than one third) of 
its original size. Other fresh morainic evidences on the adjacent areas show that the 
valley-wall glaciers extending from the neveé fi eld of the Pandim summit to the east 
used to feed the Onglaktang during their maximum extent in the past. With marked 
retreats, these glaciers have now been completely detached from the Onglaktang 
glacier.  

  Plate 5.2    Recently deglaciated valley fl oor of the Onglaktang glacier       
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5.2.3     Interpretation of Field Data Collected from the Areas 
Around the Two Glaciers 

 The quantitative data and associated information collected through fi eld investiga-
tions reveal the alarming rate of retreats of the major glaciers and reduction and 
shifting of the neveé fi elds around the southwest-facing slopes of the Kanchenjunga 
summit complex. The environmental degradation, as a consequence of this rapid 
decay of glaciers and neveé fi elds, is conspicuous around the Rathong glacier. The 
establishment of Himalayan Mountaineering Institute Training Camp (in early 
1960s) in the immediate vicinity of the Rathong and rapid increase in the number of 
mountaineers and trekkers since then caused marked environmental degradation in 
recent years. Regular visits made by thousands of trainees taking part in the moun-
taineering courses have caused eco-degradation in this part in various ways. From 
1960s through 1980s, camp activities have completely destroyed the trees around 
the Base Camp and the Dzongri and dumped garbage all around the glacier snout. 
This caused local atmospheric warming resulting in the gradual decrease in snow-
fall. Rapid decay of glacier body often gives rise to debris-dammed lakes adjacent 
to the snout. At certain intervals, catastrophic dam bursts can cause fl ooding, dis-
turbing the equilibrium of the valley profi le in the upper catchment areas of the 
glacier-fed rivers. Such disaster has already struck the upper Onglaktang valley on 
many of occasions, as in 1988 and 1994. If such rapid rate of retreat of the glaciers 
continues around this part of the Himalaya, it is quite reasonable to suspect that 
most of the major rivets in North Bengal will increasingly suffer from a state of 
hydrological misbalance with marked decrease in discharge during the drier months 
and excessively heavy fl ooding during the monsoons.   

5.3     Hazards Occurred as a Result of the Formation 
of Meltwater Lakes 

 We could gather that the receding glacier has caused lot of ecological disorder in the 
region. It is to be noted that glaciers are lifeline of high-altitude lakes. Lakes are so 
beautiful and crystal clear that had been existing in the bosom of rocky Himalayan 
region since time immemorial having ecological niche for many life forms. Receding 
glacier caused disconnection of water supply to lakes and lakes are dying its 
untimely death. As a result of elimination of so many lakes at the high Himalaya, 
many lives have been badly affected causing ecological imbalance in the region. 

 In the north of Sikkim Himalayan, a most fascinating lake, ‘Green Lake’, was in 
existence, and it was very much popular among the mountaineers, trekkers of the 
western countries now totally eliminated due to the fact that the lake virtually ceased 
to get enough water from the melting glacier. The glacier which was feeding this 
lake now receded to such an extent that there is no linkage at all between the lake 
and the glacier. 
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 A beautiful lake in the west Sikkim Himalaya, a pilgrimage for Buddhist follow-
ers mostly Sikkimies and Tibetans called ‘Dudh Pokhari’ (Milky lake), is now at a 
vulnerable stage as its southern wall has become very thin due to falling down of 
rocks and sands that are regularly under the infl uence of frost shattering, freezing 
cold and thawing. It is feared that in the near future, this lake might blast off sud-
denly causing considerable damages to forest, wildlife and human lives and proper-
ties. Natural lakes like Lam Pokhari (long lake), Mayur Pokhari, Laxmi Pokhari, 
Kala Pokhari, Dallay Pokhari, Nir Pokhari, Memenchu and other so many smaller 
lakes are at their dying stage due to reasons explained already. 

5.3.1     Potential Dangers of Glacial Lake Outburst Flood 
(GLOF) in the Alpine Regions Especially 
in the Himalaya 

 On high mountain slopes, behind fragile dams of rock and ice created by gla-
ciers, water collects to form lakes that loom precariously, threatening to empty at 
any time and deluge the valleys below and all who live there. New studies by 
glaciologists and geographers show the menace of these glacial lakes to be an 
increasingly critical factor, too often ignored, in plans for the economic develop-
ment of the world’s mountainous regions, particularly the Alps, Andes and 
Himalaya. A recent study done by ICIMOD and UNEP ( 2002 ) reported 27 poten-
tially dangerous lakes in Nepal Himalaya which are supposed to cause huge and 
destructive fl ash fl ood in the near future. Glacial geomorphologists have identi-
fi ed this as glacial lake outburst fl ood (GLOF) or  jökulhlaup , an Icelandic term 
to describe any abrupt and voluminous release of subglacial water (Post and 
Mayo  1971 ; Rana et al.  2000 ). 

 Glaciologists fear that the outburst of a glacial lake in 1985 is a foretaste of 
things to come in the Himalaya. The 1985 disaster occurred due to an ice avalanche. 
A wall of ice and rock crashed down the high slope and plunged into a glacial lake, 
sending a wave of water over the natural dam formed by the glacier. The dam col-
lapsed, and the fl ood rushing down the Dudh River destroyed a power plant, wiped 
out 14 bridges and killed at least fi ve people. Jack D. Ives, a professor of geography 
at the University of Colorado at Boulder, and June Hammond, a graduate student at 
the university, have identifi ed a large lake on the Imja glacier, six miles south of 
Everest, that poses a direct threat to several Nepalese villages, the Buddhist monas-
tery at Thyangboche and two favourite climbers’ trails, to the base camp for Everest 
expeditions and to Island Peak. Ives said that in the Himalaya, the potential hazard 
of glacial lakes has become critical only in recent years, with the increased con-
struction of roads, bridges and power plants and other economic development. In 
the recent past, fl ash fl oods have occurred in the Thimphu, Paro and Punakha-
Wangdue valleys. Of the 2,674 glacial lakes in Bhutan, 24 have been identifi ed by a 
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recent study as candidates for GLOFs in the near future. In October 1994, a GLOF, 
90 km upstream from Punakha Dzong, caused massive fl ooding on the Pho Chhu 
River, damaging the dzong and causing casualties. In 1994 a glacier lake outburst in 
the Lunana region of Bhutan fl ooded a number of villages below endangering the 
lives of thousands of people. The burst of Dudh Koshi Lake in Nepal in 1997 made 
similar hazards. Subglacial lakes with about 450,000 cubic metres of accumulated 
water (up till now) developed in the recently deglaciated Rathong glacial valley 
have threatened the HMI Base Camp to wash away at any time.  

5.3.2     Evidences of Glacial Lake Outburst Flood (GLOF) 
in the Himalaya 

 In the glaciated parts of the high-altitude Himalayan region, behind fragile dams of 
terminal moraine and segregated ice produced by glaciers, water get accumulated to 
form lakes that loom precariously, threatening to empty at any time and deluge the 
valleys below and all who live there. New studies by glaciologists and geographers 
have showed the menace of these glacial lakes to be an increasingly critical factor, 
too often ignored, in plans for the economic development of the Himalaya as well 
as the other glaciated alpine regions of the world (Chattopadhyay  2007 ). A recent 
study done by the International Centre for Integrated Mountain Development 
(ICIMOD and UNEP  2002 ; ICIMOD  2009 ) and the United Nations Environment 
Programme (UNEP) turned attention towards the problems of rapid glacier melting 
in the Himalaya and reported 27 potentially dangerous lakes in Nepal Himalaya 
which are supposed to cause huge and destructive fl ash fl ood in the near future. 

 Nepal, covering the entire part of the Central Himalaya, has experienced several 
glacial lake outburst fl oods originating from numerous glacial lakes, some of which 
are even located outside its territory. Although other natural disasters such as rain-
fall fl oods, earthquakes, landslides or wildfi res have claimed the lives of thousands 
of Nepalese in recent decades, glacial lake outbursts are feared for the potential 
devastation from a single large event (Rana et al.  2000 ; Kattelmann  2003 ). At least 
six times in the last 40 years, glacial lakes in the Khumbu region of the Nepal 
Himalaya, near Everest, have drained without warning, causing devastating fl oods 
of water and rock (Fushimi et al.  1985 ). The GLOF event of 4 August 1985 from 
 Dig Tsho  glacial lake in Eastern Nepal, in a valley next to Mount Everest, had espe-
cially brought about awareness of potentially dangerous glacial lakes in the high 
Himalaya, nationally and internationally. It was observed that an ice avalanche 
slumped down into the lake and generated a wave about 5 m high which overtopped 
the moraine dam. The lake, roughly measuring an area of 1,500 m × 300 m at a depth 
of 18 m, drained almost completely within 4–6 h. The fl ood destroyed bridges, large 
and small buildings, agricultural land and the nearly completed Namche Hydropower 
Plant, 2 weeks before its inauguration, which resulted in a loss of billions of rupees. 

5 Rapid Deglaciation on the Southeast-Facing Slopes of Kanchenjunga Under…



84

Remarkably, only 4–5 people lost their lives in this fl ood itself because a Sherpa 
festival was in progress and few people were walking the trails at the time (ICIMOD/
UNEP  2002 ; Kattelmann  2003 ). 

 Glaciologists fear that the outburst of a glacial lake in 1985 is a foretaste of 
things to come in the Himalaya. Jack D. Ives (Ives  1986 ), a Professor of Geography 
at the University of Colorado at Boulder, and June Hammond, a graduate student at 
the university, have identifi ed a large lake on the Imja glacier, six miles south of 
Everest, that posed a direct threat to several Nepalese villages, the Buddhist monas-
tery at Thyangboche and two favourite climbers’ trails, to the base camp for Everest 
expeditions and to Island Peak. Ives observed that, in the Himalaya the potential 
hazard of glacial lakes has become critical only in recent years, with the increased 
construction of roads, bridges and power plants and other economic development. 
In the recent past, fl ash fl oods have occurred in the Thimphu, Paro and Punakha- 
Wangdue valleys. Of the 2,674 glacial lakes in Bhutan, 24 have been identifi ed by a 
recent study as candidates for GLOFs in the near future. In October 1994, a GLOF, 
90 km upstream from Punakha Dzong, caused massive fl ooding on the Pho Chhu 
River, damaging the dzong and causing casualties. In 1994, a glacier lake outburst 
in the Lunana region of Bhutan fl ooded a number of villages below endangering the 
lives of thousands of people. The burst of Dudh Koshi Lake in Nepal in 1997 made 
similar hazards. Subglacial lakes with about 450,000 cubic metres of accumulated 
water (up till now) developed in the recently deglaciated Rathong glacial valley on 
the southeast-facing slope of Kanchenjunga in Sikkim Himalaya, have threatened 
the HMI Base Camp to wash away at any time. This paper records the observation 
on the changing forms of retreating glaciers in this part of the Himalaya and devel-
opment moraine-dammed lakes with potential dangers.  

5.3.3     Recent Retreat of Rathong Glacier and Dangers 
of Moraine-Dammed Lake Outburst 

 This study is based on regular fi eld observations made by these authors on the gla-
ciers extending over the southeast-facing slopes of Kanchenjunga in the Sikkim 
Himalaya during 1984–2009 (a span of 25 years). The two glaciers concentrated 
upon were Rathong glacier, the source of Rathong Chhu River above the HMI Base 
Camp, and Onglaktang glacier, the source of Prek Chhu River, beyond Thangsing 
Camping ground. Both Rathong Chhu and Prek Chhu are the headwaters of Rangit 
River, the merged water of which meets River Tista further down in South Sikkim, 
to the north of Tista Bazar. It has been explored through repeated observations over 
the years that both Rathong and Onglaktang glaciers have been reduced to 17.09 % 
and 30.77 %, respectively, as a result of recent retreats presumably under climatic 
amelioration, i.e., global warming. Major part of reduction in glacier size has taken 
place during the last three to four decades (Plates  5.3  and  5.4 ).
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5.4           Climate Change and Its Impact on the Human Health 

 The less developed poorer nations with very rapid population growth, poverty, mea-
gre health care, economic dependency and isolation will be quite vulnerable to the 
human health effects of climate change. It can directly affect health because high 
temperature places an added stress on human physiology. Changes in temperature 
and precipitation followed by extreme weather events in the hilly terrain can result 
in deaths directly or, by altering the environment, result in an increase of infectious 
diseases. J. Patz of Johns Hopkins School of Hygiene and Public Health argued 
( pers. comm. ) that ‘the spread of infectious diseases would be the most important 
public health problem related to climate change’. It is perceived that most of the 
vector-borne diseases will probably spread even further in response to global cli-
mate change. The diseases whose hosts are temperature sensitive and currently 
restricted to the tropical belt, viz. malaria, schistosomiasis, yellow fever and dengue 
fever, will spread poleward into more temperate regions. 

 There is a growing evidence of global climate change and its impact on health 
and well-being of citizens in countries throughout the world. 1  Recent evidence sug-
gests that the associated changes in temperature and precipitation are already 

1   cf. McMichael, A.J. et. al.(1996) Climate change and human health. Geneva, 
Switzerlan. 

  Plate 5.3    A recently developed melt-water lake in the deglaciated valley of Rathong glacier       
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adversely affecting population health (IPCC  2007 ). In the fi eld of human health, 
climate change poses a major and largely unfamiliar challenge (WHO  2005 ). The 
perceived picture of the climate change is being visualised by the climatologists, 
meteorologist, glaciologist, geologist, palaeontologist, etc. The global scale of cli-
mate change varies fundamentally from the many other familiar environmental con-
cerns facing human kind .  Thus, climate change is tremendously infl uencing the 
Himalayan ecosystem and its upstream and downstream communities. The public 
health too depends on the effi cient functioning of such ecosystem. 

 The health of the communities is closely determined by safe drinking water, suf-
fi cient food, secured shelter and stable social conditions. The adverse effects of 
climate change in Sikkim Himalaya include glacier retreat; burst of the debris- 
dammed lake; upward shift fi rn line altitude; incident of snow avalanche and forest 
fi re; disappearing and drying of rural springs/permanent springs  turning  seasonal; 
and outbreak and spread of new diseases like  bird fl u ,  swine fl u ,  kala-azar ,  malaria , 
 etc.  As per the report of the World Health Organization (2003), climate change was 
already estimated to be responsible for approximately 2.4 % of the worldwide diar-
rhoea and 6 % of malaria in some middle-income countries in 2000. It is a certain 
fact that the impact of climate change on human health has not been studied, anal-
ysed and determined in detail in Sikkim Himalaya, India at the present age. 

  Plate 5.4    Deposition of fresh debris in the lower part of the Rathong glacier resulted from dis-
charge of a melt-water lake       
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5.4.1     Demographic Pattern of Sikkim 

 Sikkim is a small state in the Eastern Himalaya. It has a population of 607,688 per-
sons comprising of 321,661 males and 286,027 females (Census of India  2011  – 
Provisional population totals). The important feature is the increase in the population 
from 30,458 in 1981 to 607,688 persons in 2011 with a variation in decadal growth 
from 93.76 % (1901) to 12.36 % in 2011.  

5.4.2     Morbidity Profi le in Sikkim 

 Information on the morbidity aspects is generally available from the health as well 
as from the nutrition survey reports of the government of Sikkim. Deodhar et al. 
( 1982 ) reported the ten major causes of morbidity for the general population for the 
period of July 1978 to June 1979. The major morbidity factors described were intes-
tinal worms, goitre, skin diseases (mostly scabies), measles, venereal diseases, pul-
monary tuberculosis, respiratory illness, cough and fever, malnutrition and asthma 
including bronchitis. However, Chuttani and Gyasto ( 1993 ) argued that the major 
causes of morbidity in Sikkim were respiratory infections, gastrointestinal infec-
tion, worm infection, skin infestation, eye and ear infection, hepatitis and iodine 
defi ciency diseases.  

5.4.3     People’s Perception on Human Health and the Quality 
of Drinking Water 

 An attempt has been made under the present study to explore the perceptions of the 
people about their presently growing health problems. This study has been done in 
the second half of the year 2012 to assess the impact of climate change on the health 
status, and the well-being of stakeholders of the three selected settlement areas of 
West Sikkim namely Yoksum, Tashiding, and Pelling .  

 This study has been based upon structured questionnaires and plan to include the 
stakeholders directly and indirectly affected by climate change and to assess the 
impact of climate change on the health of downstream communities vis-a-vis deplet-
ing quality of drinking water owing to climate change and allied activities. 

 It is to be noted in this context that in 2008 four cases and one death occurred 
owing to  kala-azar . Whilst, only two cases were reported till March 2009 (Sikkim 
State Report), a number of fresh cases of  kala-azar  have been reported afterwards 
(in 2012) from Pendam and Tokal Bermoik in East and South Sikkim by the DMO 
of Singtam hospital ( pers com) . In remote areas occurrence and outbreak of such 
diseases often get unreported. 
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 They further argued that outbreak of  swine fl u fever among pigs  in Rinchenpong, 
West Sikkim, is a new type of infection among the pigs in Sikkim. They added that 
Upper Hathi Dhunga, Zeel and Lower Hathi Dhunga/12 Mile have been categorised 
as the ‘Infected Zone’, whilst Lower and Upper Sangadorjee and Lower Zeel and 
Tapel have been identifi ed as ‘Hazardous Zone’ in West Sikkim. 

 Report of the questionnaire survey (through random sampling) on human health 
has been displayed in the Table  5.1 .

   From the recent report of study, as has been displayed in the table above, it has been 
revealed that out of the total of 157 people interviewed from the three villages formi-
dable proportions suffer from skin disease and stomach upset problems, being 33.76 % 
and 30.57 % respectively. In addition marked proportions of the people suffer from 
respiratory problem and skin as well as stomach problems, being 12.74 and 10.83 %. 
Another feature of health hazards, as explored from this study, is that in Yoksom village 
the proportion of people suffering from skin disease is considerably high (41.56 %) 
among the total suffering from various health hazards. It is highly likely that the people 
of Yoksom, living nearest to the glaciated parts (thus traditionally being used to colder 
weather condition), have become more vulnerable to skin disease under the impact of 
climate change. However, the water-borne diseases like stomach problems have fairly 
uniform impact on the people of all the three settlements and this appears to be the 
second most important health problem of the residents.   

5.5     Discussion 

 Glaciers are considered as the natural thermometer which readily responds to any 
atmospheric temperature change (John  2009 ). Hence, glacier retreat is the direct 
implication of global temperature rise. People living in the villages within the 
Kanchenjunga National Park in West Sikkim close to the presently retreating Rathong, 
Onglaktang and other glaciers in this part have been found to be affected by marked 
physical ailments like skin disease, stomach upset and others. Outbreak of these health 
problems among the people particularly those who live in Yuksom village (nearest to 
the snow and glaciers of Kanchenjunga) can be attributed to the unusual and marked 

   Table 5.1    Peoples’ perception on occurrence of diseases in Yoksom, Tashiding and Pelling 
villages ( Sample size 50 in each settlement )   

 Major health problems as 
perceived  Yuksom  Tashiding  Pelling  Total  Mean  SD 

 Std 
error 

 Respiratory problem  8  4  8  20  6.67  2.31  0.88 
 Skin disease  32  13  8  53  17.67  12.66  2.05 
 Stomach upset  16  16  16  48  16  0  0.00 
 Respiratory problem and 
skin diseases 

 7  2  3  12  4  2.65  0.94 

 Skin disease and stomach 
problem 

 10  4  3  17  5.67  3.79  1.12 

 Respiratory, skin and 
stomach problem 

 4  1  2  7  2.33  1.53  0.71 

  Source: Data generated through fi eld survey, 2012  
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rise in atmospheric temperature in recent years which in turn have contributed to rapid 
deglaciation (glacier retreats) in the southeast-facing slopes of Kanchenjunga. It has 
also been found that the perennial springs which were the regular source of drinking 
water for the village people continues to dry up or become feeble under drying envi-
ronmental condition causing scarcity of drinking water. 

 It is believed that further studies with more detailed information in this regard 
will reveal much clearer picture of the changing health status of the people in these 
high-altitude areas of the Sikkim Himalaya.     
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    Chapter 6   
 Scenario of Malaria and Dengue 
in India: Way Forward       

       Ramesh     C.     Dhiman    

    Abstract     The paper describes the situation of malaria and dengue in India. The 
latest trend of malaria indicates that with introduction of rapid diagnostic kits, com-
bination therapy for treatment, and long-lasting insecticidal nets for prevention 
from mosquito bites since 2005 to 2009, cases have been reduced to around 50 % 
against the year 2001, and many states are qualifying for pre-malaria elimination. 
On the other hand, the spatial and temporal distribution of dengue is increasing 
gradually. Overall, there has been about ten times increase in incidence and about 
four times in death due to dengue in 2012 against the data of 2007. Further efforts 
should be directed to understand the dynamics of asymptomatic malaria in hard 
core malarious areas, to ensure compliance to treatment and intensifi ed intervention 
measures, and to demonstrate malaria elimination in areas which are in pre- 
elimination phase. Dengue prevention warrants improvement in water supply, 
awareness of communities about prevention of breeding of  Aedes  mosquitoes, and 
seeking health facility in time.  

  Keywords     Malaria   •   Dengue   •   India   •   Distribution   •   Public health control  

   Vector-borne diseases are a considerable public health problem globally. Malaria 
which constitutes about 60 % of the reported cases of Southeast Asia ranks number 
one in India. From the viewpoint of rapid spatial distribution, dengue takes the lead. 
In recent years the potential threat of climate change has been well emphasized all 
over the globe (WHO  2003 ). In countries like India, almost the whole country is 
endemic for malaria except a few hilly areas in Himalayan region. Recent study has 
projected vulnerability of Himalayan states like Jammu and Kashmir and 
Uttarakhand in opening the window of transmission of malaria in a few foci and 
intense transmission in northeastern states by the year 2030 (Dhiman et al.  2011 ). 
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In order to prepare ourselves for addressing the threat of climate change on malaria 
or other vector-borne diseases, there is need to undergo situation analysis of the 
existing problem so as to get better preparedness. In this context, the situation of 
malaria and dengue is analyzed from the viewpoint of latest introduction of new 
tools of intervention in India. 

6.1     Situation Analysis of Malaria 

 Over the last decade, there has been gradual reduction in incidence of malaria. In 
2001, there were around 2 million cases (2.08 with 50 %  P   .   falciparum ), while in 
2012 for the fi rst time since 1970, total malaria cases came down to 1.01 million 
with 476 deaths. This journey of success, in spite of increase in population, has been 
witnessed since 2006 and more particularly after 2010. 

 In 2006, there were 1.78 million cases with 1707 deaths (Fig.  6.1 ). The propor-
tion of  P   .   falciparum  was 47 %. The highest API was reported from Andhra 
Pradesh (37.1), Meghalaya (12.98), and Mizoram (11.7) (Fig.  6.2a ). As per records 
of National Vector Borne Disease Control Programme, in Meghalaya and Assam 
there were 74251 and 66557 cases of  P   .   falciparum  in 2009, while in 2012, only 
19585 and 30945 cases were reported, respectively. Deaths due to malaria have also 
reduced as evident by a maximum of 95 deaths reported from Maharashtra state in 
2012 as compared to 247 in 2009. However, in 2009 and 2010, there is slight 
increase in cases (Fig.  6.1 ) which may be explained due to better diagnostic tools 
and surveillance through ASHA workers. Overall there has been around 50 % 
reduction in deaths.

    In 2012, there were 1.06 million cases of which 49.9 % were  P   .   falciparum . 
Almost all the states in India recorded API not exceeding ten except Dadra and 
Nagar Haveli (Fig.  6.2b ). There was spectacular reduction in northeastern states. 
Only 519 deaths were recorded. 
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  Fig. 6.1    Situation of malaria in India (2006–2012) (Source:   www.nvbdcp.gov.in    )       

 

R.C. Dhiman

http://www.nvbdcp.gov.in/


93

 It is evident that there has been gradual success in reduction of incidence of 
malaria since 2006. Hard core areas in Arunachal Pradesh, Assam, Mizoram, 
Meghalaya, and Manipur have witnessed sharp decline. The reason of this spectacu-
lar success is due to the augmentation of Intensifi ed Malaria Control Programme-II 
launched in northeastern states with introduction of RDT in the program in 2005, 
ACT in areas showing chloroquine resistance in falciparum malaria in 2006 and 
further extended to high  P. falciparum  predominant districts covering about 95 %  P. 
falciparum  cases, and introduction of LLNs in 2009. The IMCP-II covered overall 
94 districts (65 districts in 7 NE states, 7 districts in Jharkhand, 6 districts in West 
Bengal, and 16 districts in Orissa) with focus on early case detection and prompt 
treatment in remote and inaccessible areas through rapid diagnostic kits and involve-
ment of Accredited Social Health Activist (ASHA) and enhancement of awareness 
about malaria control through community mobilization and private sector 
participation. 

 In spite of remarkable success of malaria control in northeastern states, reduction 
in Odisha, Jharkhand, and West Bengal was not commensurate with the efforts. It 
may be due to less coverage of districts, difference in usage of LLNs, educational 
status of communities and insurgency, etc. The reason of persistent malaria in east-
ern foci is basically due to climate suitability, forest cover providing suitable 
Relative Humidity (RH) thus stability of transmission in almost all the months. 
Inaccessibility to hilly areas, jhum cultivation in northeastern states, scattered 
human dwellings, language barrier in tribal areas, and lack of awareness about the 
usefulness of intervention instituted by the health authorities are some of the rea-
sons of persistence. Technically, the existence of asymptomatic infections, 
 noncompliance to treatment, and nonacceptance of IRS or plastering of houses with 
whitewash/mud are the main impediments in control efforts.  

  Fig. 6.2    Incidence of malaria in 2006 ( a ) and 2012 ( b ) (Source: NVBDCP)       
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6.2     Situation Analysis of Dengue 

 On the other hand, the incidence of dengue fever (DF) has been increasing, and 
more and more states are reporting dengue fever (DF) with inroads in villages. With 
better economical conditions in some geographic areas particularly in plains, urban-
ization with piped water supply leading to water storage practices appears to be the 
major reason. From 2007 onwards there has been gradual increase in dengue cases 
in the country except in 2011 (Fig.  6.3 ). In 2007, only 18 states reported a total of 
5534 cases of DF (Fig.  6.4a ), while in 2012 all the states of India except Nagaland 
reported 49602 cases (Fig.  6.4b ).
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  Fig. 6.3    Current situation of dengue in India (2007–2012) (Source: NVBDCP)       

  Fig. 6.4    Incidence of dengue in 2007 ( a ) and 2012 ( b ) (Source: NVBDCP)       
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    Almost the whole country is climatically suitable for occurrence of indigenous 
dengue (unpublished work of the fi rst author undertaken under the aegis of 
NATCOM II, Ministry of Environment and Forests, Government of India). With 
urbanization the spatiotemporal distribution is further expanding. Of the 34 states in 
India, only the state of Nagaland is still free. There has been an increase in all the 
states which were reporting dengue except Manipur which showed marginal 
decrease in 2012; however, in 2011 there were 220 cases in Manipur state. Since 
2007, 15 states including north and northeastern states, which were free of dengue, 
have also reported cases in 2012 (Fig.  6.4b ). In 17 states, increase in incidence has 
been witnessed. Eleven states witnessed cases in thousands and there was many- 
fold increase as compared to 2007. Overall, there has been about ten times increase 
in incidence and four times in death due to dengue in 2012 against the year 2007. It 
signals that DF is going to be a major public health problem in India. 

 Control of dengue relies basically on vector control through source reduction, 
which cannot be achieved without the cooperation and involvement of communities. 
Further, there has been better understanding about the preferred breeding places of 
 Aedes aegypti  mosquito in peridomestic scraps and household wastes etc. 
(Arunachalam et al.  2010 ). Imparting awareness to communities about the breeding 
places of  Aedes  mosquito, its life cycle, and symptoms of dengue fever, emptying the 
containers, and seeking health facility as early as possible are still the desired options.  

6.3     Way Forward 

 The analyses of scenario of malaria in the country indicate that the incidence is 
gradually coming down in hard core areas like northeastern states. Still there are 
some challenges like estimating actual burden by capturing cases treated by private 
practitioners (Dhingra et al.  2010 ; Hay et al.  2010 ), detection of asymptomatic cases 
in tribal areas (Ganguly et al.  2013 ; Karlekar et al.  2012 ), reaching to inaccessible 
areas, and acceptance of all interventions by the communities for better compliance 
(Sharma et al.  2001 ). The use of polymerase chain reaction (PCR)-based diagnosis 
in fi eld conditions also looks imminent owing to its effi cacy to detect submicrosco-
pic infections (Golassa et al.  2013 ). 

 The future scenario of malaria, in spite of various threats like climate change and 
resistance to antimalarials in  P   .   falciparum  and  P   .   vivax  parasites, can be addressed 
with improved surveillance, identifi cation of foci of persistent transmission, tack-
ling the issue of migration, etc. in addition to ongoing strategies of intervention. The 
strategic plan of NVBDCP envisages better coverage for more fruitful outcome 
(  http://nvbdcp.gov.in/Round-9/Annexure-2    ). Of 99 countries having malaria trans-
mission, 9 are in malaria elimination phase, but India has yet to switch over from 
control to pre-elimination (malaria elimination group). At present also some states 
like Karnataka, parts of Rajasthan, Maharashtra, Gujarat, Himachal Pradesh, Punjab 
and Uttarakhand which are having very low API for the last 5 years may be attempted 
for malaria elimination. There is need of periodic surveys in malaria-free areas at 
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the fringe of endemic areas in Himalayan region to watch the indigenous transmis-
sion due to favorable climatic changes. 

 The future scenario of dengue control in India appears grim due to various con-
founding factors. As per 12th plan document of planning commission, about 60 % 
of the growth in urban population is due to natural increase, whereas rural-urban 
migration has contributed to only 20 %. The number of towns in India increased 
from 5161 in 2001 to 7935 in 2011. Most of this increase was in the growth of 2532 
towns. By 2030, India’s largest cities will be bigger than many countries today; 
therefore, India’s urban governance of cities needs an overhaul. Owing to limited 
water supply, communities have to resort to water storage. Improper disposal of 
household wastes in peridomestic environment, which has also been found as a 
preferred breeding ground of  Aedes aegypti  mosquitoes (Arunachalam et al.  2010 ), 
warrants careful and advanced planning of water supply, storage, and sanitation 
facilities. Risk factors for contracting dengue in terms of strata of human density 
and production of  Aedes aegypti  in urban areas (Padmanabha et al.  2012 ) also need 
to be elucidated for targeted intervention. The role of  Aedes albopictus  also needs 
to be defi ned in urban or peri-urban environment for devising suitable control 
strategy. 

 Since the management through source reduction of breeding grounds of  Aedes  
vectors lies mainly at community level, health education should be the mainstay for 
tackling the problem by improving health-seeking behavior of patients, easily 
accessible diagnosis and management, and preventive vector control at community 
level.     
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    Chapter 7   
 Urbanization, Urban Heat Island Effects 
and Dengue Outbreak in Delhi       

       Rais     Akhtar     ,     Pragya     Tewari     Gupta    , and     A.  K.     Srivastava   

    Abstract     The present paper is the outcome of instigated thought by several studies 
on urbanization and prevalence of vector-borne disease in tropical areas. It is envis-
aged and hypothesised to fi nd if any correlation exists between urbanization pro-
cess, heat island generated due to urbanization (e.g. higher density of road network, 
buildings and traffi c) in the urban areas and the outbreak of vector-borne diseases 
like malaria and dengue. The paper primarily looked into the temporal data of all 
metropolitan cities and found that there is an increased incidence of dengue out-
break in all metropolitan cities. There is a lot of variability in the rainfall in Delhi, 
but all other metropolitan cities have been experiencing an average rainfall over the 
past two decades. Review of literature led to the construction of hypothesis that 
there exists a close association between urbanization and the increased incidence of 
dengue outbreak. Ordinary least square method is used to fi nd if there is any correla-
tion between the urbanization variables and disease outbreak. Regression result 
shows that there is high possibility between the urbanization and disease outbreak.  

  Keywords     Urbanization   •   Urban heat island   •   Vector-borne disease   •   Rainfall   • 
  Temperature  

7.1       Introduction 

 Arthropod disease viruses such as yellow fever, malaria, encephalitides, fi lariasis 
and dengue fever are changing the health epidemic scenario mainly in developing 
countries, especially in the tropical countries. These are the most important arbovi-
ral diseases in human both in terms of mortality and morbidity. Dengue fever 
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because of its persisting trend in countries can be considered the most common of 
all arthropod-borne diseases after malaria. Each year an estimated 100 million cases 
of dengue fever occur worldwide with the greatest risk occurring in Indian subcon-
tinent, Southeast Asia, Southern China, Taiwan, the Pacifi c Islands, the Caribbean, 
Africa and Central and Southern America. Though DF is hardly fatal, the disease 
incapacitates the infected patients in several ways. Over half of WHO member 
states representing a total of 2000 million are threatened by dengue. It occurs in 
most of the tropical countries. The dengue infection ranges from asymptomatic 
through classical dengue to life-threatening dengue hemorrhagic fever with shock 
(DSS) or without shock (DHF).  

7.2     Indian Context 

 Dengue is a threat in India, especially in the capital city of Delhi, Kolkata and 
Chennai where the number of reported dengue cases and deaths is higher and trend 
shows that it may go even higher in the future (Table  7.1 ). Epidemiologically, den-
gue fever/dengue hemorrhagic fever is not only changing in disease pattern but has 
changed its course of manifestation in the form of severe DHF with increasing num-
ber of outbreaks. The table also indirectly proves that the disease is more of an 
urban disease.

   Possible cause which has been hypothesised in this paper is the growth of urban 
structures (buildings, roads and other urban infrastructures) which has been causing 
rise in temperature by creating urban heat island effect in the main city leading to 
increased frequency of rain and humidity causing vectors to reproduce at an alarm-
ing rate.  

7.3     Methodology and Data 

 The paper tries to assess the series of outbreaks and expected causes of persisting 
phenomena of disease by fi nding the climatic variables – average rainfall, average 
maximum temperature, average annual temperature and some select urbanization- 
related indicators such as urban density, urban population and vehicular load on 

   Table 7.1    Dengue fever prevalence in the metropolitan cities in India (no. of patients)   

 Metropolitan cities  2002  2003  2004  2009  2010  2011  2012 

 Delhi  45  2882  606  1153  6259  1131  2093 
 Mumbai  135  328  312  46  32  421  768 
 Kolkata  0  0  0  254  437  254  3197 
 Chennai  146  634  571  121  301  1091  941 

  Source: Indiastat.com  
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roads with the disease data in the metropolitan cities. Procuring the disease data on 
zone level was diffi cult, and also no direct data to indicate the urban expansion 
(until interpretation of satellite images at different points of time) and outbreak of 
the disease could be utilised. With such limitation, the increased burden of popula-
tion in the city, urban density and traffi c on the roads are considered as the best 
alternative to analyse urbanization in Delhi. 

 The paper therefore fi rst looks into the morphology of the urban growth consid-
ering urban density and population growth and then further analyses this growth in 
the context of disease pattern, rainfall and temperature oscillation in Delhi. As 
already mentioned, the paper hypothesises that the prevalence of dengue is closely 
linked with the heat entrapped by the urban structure accentuating the temperature 
and humidity, thus helping  Aedes  mosquitoes to breed faster and in larger number. 

 Besides plotting the time series data of rainfall, temperature and dengue preva-
lence from 1996 to 2013 in Delhi, the study also tries to fi nd if there is any changes 
occurring in some other Indian metropolitan cities. The study tries to statistically 
estimate the effect of urban growth on disease of dengue by taking the help of ordi-
nary least square method only in the case of Delhi.  

7.4     Overview of the Literature: Pragmatic Issues 
in Urbanization, Urban Heat Island Effect and Health 

 Literature and studies on climate change and epidemic is fewer but gripping faster 
to establish climate change and epidemic in tropical countries. Frequent outbreak 
and consistency in dengue fever attributed to the climate change explored by the 
researchers at Imperial College London and WHO Kobe Centre in Bangkok in 
2008. The report asserts and declares dengue an urban disease (Gubler et al.  2001 ) 
because vectors breed mainly in containers such as pots and tyres. There are studies 
which have reported the climatic change-infl uencing factors (Napier  2003 ; 
Chakravarti and Kumaria  2005 ; Githeko et al.  2000 ) such as extreme humidity, 
extreme temperature, El Niño and human development factors. The current paper 
envisages that the seasonal or cyclic factors of the disease are combined with the 
fl uctuating humidity and temperature data with the urban density (a proxy variable 
of urban growth) which creates heat effect in some of the dense area and thus leads 
to pocketed outbreak of the disease. The “tiger” mosquito  Aedes aegypti  is quoted 
to be very sturdy and travels up to 500 m.  Aedes aegypti  is extremely common in 
areas lacking piped water systems and depends greatly on water storage containers 
to lay eggs. 

 The mosquito which feeds exclusively on human blood is considered well 
adapted in the urban surrounding. A study in Delhi metropolitan area says that the 
disease has changed from being benign to becoming a more frequent and severe 
form of DHF (Gupta et al.  2006 ). Delhi has faced seven outbreaks of dengue infec-
tion as reported by the study, which may have gone up by two digits considering 
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2010 and 2013 outbreak years. The study found all four dengue serotypes present in 
the blood samples, yet in 2003 serotype 3 was more prevalent. A time series study 
done by Chaosuansreecharoen and Ruangdej in Yala Province, Thailand, found that 
temperature was positively associated with dengue incidences and relative humidity 
and monthly rainfall were not positively associated with the dengue incidences in 
this study area in Thailand (Chaosuansreecharoen and Ruangdej  2014 ). Another 
study on the climate change and its impact on vector-borne diseases assessing on 
continental basis says that the global temperature will rise by 1.0–3.5 °C by 2100 
increasing the risk of more outbreak and wider spatial spread of vector-borne dis-
eases by stating that the arthropods can regulate their internal temperature by chang-
ing their behaviour but cannot do so physiologically and thus are essentially 
dependent on climate for their continued existence and reproduction. The authors 
also propose that the effect of climate change on transmission is more likely to be 
observed in the extremes of the range of temperature (within the range of 14–18 °C 
at lower bound and 35–40 °C at the upper bound)   (http://www.eliminatedengue.
com/faqs/index/type/aedes-aegypti    ). 

 In Asia, the temperature has increased by 0.3–0.8 °C across the continent in the 
past 100 years and is projected to rise by 0.4–4.5 °C by 2070. The authors appear to 
be fully convinced by citing the incidences in highland Kenya that along with sev-
eral other factors like seasonal variations, socio-economic status, vector control pro-
grammes, drug resistance, climate change and variability are highly likely to 
infl uence current vector-borne disease epidemiology. A study in Dhaka found alter-
nate fl uctuations in the outbreak of dengue every second year which was observed 
in the study conducted in Thailand also. The authors give reason where the outbreak 
was considered urban, and 70–80 % of the population developed herd immunity to 
the circulating dengue serotypes to thus prevent another outbreak in the following 
year. The study found some linear relationship with the climatic factors and the 
outbreak of the dengue fever (Karim et al.  2012 ). Another study was primary 
research based on blood samples of 1550 patients in Delhi. In this study, the result 
showed the large number of serological positive cases coinciding with post- monsoon 
period of subnormal rainfall and concludes that high rainfall, temperature and rela-
tive humidity can be the important climatic factors responsible for an outbreak 
(Chakravarti and Kumaria  2005 ). 

 Sharma and colleagues assert that  Aedes aegypti , the primary vector of dengue 
fever, has global distribution, and it is invading areas under urbanization, citing 
several cities all over the world where different types of vectors have been traced in 
urban areas (Sharma et al.  2002 ).  

7.5     Discussion 

 The review of literature and other evidences pinpoints to fi nd the relationship 
between urbanization and dengue infection prevalence. The fi rst section of the dis-
cussion revolves around urbanization, rainfall and temperature variability in Delhi. 

R. Akhtar et al.

http://www.eliminatedengue.com/faqs/index/type/aedes-aegypti
http://www.eliminatedengue.com/faqs/index/type/aedes-aegypti


103

This section also briefl y looks at the temperature and rainfall distribution in other 
metropolitan areas in India to fi nd out if the cases of dengue have any correspon-
dence with the fl ux of rainfall or temperature in the cities. 

 The second section evolves out of statistical analysis of the data on climatic vari-
ables and disease prevalence in the city of Delhi. The variables which have been 
used as indicators of urbanization are urban density, urban population and vehicular 
population in Delhi, while for climate variables, average annual rainfall, mean max-
imum temperature and mean annual temperature are considered to fi nd the climatic 
infl uence on the disease. It can be argued that the variables selected for urbanization 
and climate are insuffi cient to segregate or decide on the heat island effect and cli-
mate infl uence on the disease prevalence; however, the paper heavily depends on the 
availability of the secondary data. Several limitations are encountered, e.g. unavail-
ability of zone-wise data of the disease, temperature, and rainfall which could have 
provided a better relationship between disease, urbanization and climate-related 
change at micro level. The regression model nevertheless and correlation matrix do 
good justice to the hypothesis of urbanization, urban heat island effect and dengue 
prevalence.  

7.6     Section I: Urban Expansion of Delhi 

 Satellite image of Delhi clearly (Fig.  7.1 ) shows that population expansion in and 
around the Delhi metropolitan city has increased tremendously. The upper images 
are a 1974 Landsat MSS (80 m resolution) on the left and a 1999 Landsat Thematic 
Mapper (28.5 m resolution) on the right. Growth in urban area from 1974 to 1999 is 
portrayed in the lower maps (areas coloured red). The image clearly shows the 
growth of the urbanised area has been tremendous in just two decades.

   Recent release of the census data provides a clear indication that urban expan-
sion has been tremendous as the density in all districts has reduced except Central 
and New Delhi (Fig.  7.2 ). However, a look at the density of Delhi reveals that some 
of the areas which may have geographically expanded could not possibly reduce the 
aggregate population density of Delhi which is higher than the 2001 census 
fi gures.

7.7        Rainfall and Temperature in Metropolitan Cities 

 Temperature rise and temperature extremities have been studied at global scale and 
noted that even rise of temperature as low as 1° may expand the coverage of vector-
borne diseases like malaria and dengue in temperate zone as well. There are inci-
dences of increased frequency of fl ooding of urban areas. With a look at the average 
annual temperature in all four major metropolitan cities and the bearable limit 
within one degree of the temperature, then it can be concluded that the temperature 
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  Fig. 7.1    Population expansion in Delhi (1975 and 1999) (Source:  http://www.mdafederal.com/
environment-gis/national-security-policy-support/land-use/    )       
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  Fig. 7.2    Population density in the districts of Delhi       
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has been shooting up beyond the recorded average temperature in all cities (Fig. 
 7.3 ). Delhi in particular has recorded annual average temperature either below the 
boundary of 1° (i.e. 1997, 2003) and sometimes above (2002, 2006 and 2009). In 
recent years, even Kolkata and Mumbai also experienced slightly hot years on an 
average, whereas Chennai has shown a trend of rising temperature consistently.

   The average annual rainfall shows fl uctuation especially in Mumbai, Chennai 
and Kolkata. Delhi however remained within the 500–1000 mm and recorded very 
regular rainfall for the past two decades (Fig.  7.4 ). The data on temperature and 
rainfall is only indicative to measure the climate change or heat island effect; we 
have to analyse the geographical variability also of rainfall or temperature to con-
clude the epidemic outcome. Nonetheless, the data still shows the rising trend of 
fl uctuating rainfall and temperature. Further, we are not looking at the monthly 
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variation of rainfall and temperature which is beyond the scope of this paper. This 
aspect if attempted may reveal some more intriguing aspects of climate change and 
disease in the urban areas.

7.8        Section II 

 The cause of heat island effect may be not clearly perceptible but certainly has 
greatly infl uenced the span of humidity, longer rain spell thus becoming fertile time 
for the mosquitoes to breed and increased scope of infecting people also. The stud-
ies prove that the longer the duration of humidity and overcast sky leads to increased 
outbreak of vector-borne diseases especially of different strains. The National 
Vector-Borne Disease Control Programme and other microbiologists claimed the 
emergence of strain 2 which is more dangerous than earlier strains. Kolkata has 
recorded three times more dengue cases than Mumbai and Chennai. In sheer num-
bers, Delhi is a close second with 2,068 cases of the mosquito-borne diseases in 
2012. Kolkata leads among the metros with the highest number of dengue cases 
(3321). Mumbai and Chennai have recorded 907 and 988 cases of dengue, respec-
tively, in 2012. The number of dengue cases increased in Kolkata which rose from 
199 in 2011 to as high as 3,321 in 2012. Mumbai’s dengue cases have increased by 
283 %, while Chennai has seen over a 100 % rise in dengue cases in 2012. Delhi, 
which has recorded a 186 % increase in dengue cases in 2012 as compared to 2011, 
is confronting an outbreak of the most dangerous and virulent form of dengue virus. 

 Simple time series data however in itself is insuffi cient to predict the outbreak of 
dengue, yet the analysis of the dengue prevalence, monthly rainfall and temperature 
data does indicate that there exists a relationship in the climatic data, temperature 
and rainfall. Relative humidity is a better measurement to establish the association 
(if any) between the disease outbreak and the heat island effect. However, data con-
straints limit the scope of understanding this aspect of hypothesis. Close examina-
tion of Figs.  7.5 ,  7.6  and  7.7  shows a relationship between the disease prevalence 
temperature and rainfall. Looking at the rainfall and temperature, it is easier to 
locate more humid year along with all other years; 1996, 2001, 2004, 2006 and 2009 
have experienced higher average temperature from June to August, and as observed 
in Fig.  7.6 , which shows an analysis of average monthly rainfall, we fi nd that the 
rainfall during the month of monsoon has considerably reduced, but its span has 
increased. Average monthly rainfall in 1993, 1994, 1995, 2003 and 2011 peaked 
during the monsoon time, but when we see the epidemic outbreak of dengue we fi nd 
that when the temperature hovers around the average temperature but experience 
high and longer spell of rainfall disease is more likely to reach a level of outbreak. 
The paper as discussed does not reveal positive relationship between heat island 
effect and epidemic but leads to indicate the correlation and explanatory strength of 
the model.

     The paper interprets the relationship existing among all variables by running 
Pearson’s correlation. It can defi nitely be concluded in two things: fi rstly, the num-
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  Fig. 7.5    Seasonal variation in dengue prevalence: 1996–2012       

  Fig. 7.6    Average monthly rainfall in Delhi {1991–2013}       
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ber of cases reported has a signifi cant positive relationship at 0.05 level with rainfall 
and, secondly, rainfall has no relationship with the urban density or vehicular popu-
lation. However, the mean maximum temperature and mean annual temperature 
show signifi cant positive relationship with the urbanization variables – urban popu-
lation, urban density or vehicular population (Table  7.2 ).

   Table  7.2  does not determine the strength of the variables. Therefore, the regres-
sion was done, and the study is able to explain 57 % of the total model which is 
reasonably acceptable explanation and shows association between disease preva-
lence, urbanization and climatic factors. Another important feature is the signifi cant 
p values where values lower than <.05 are for rainfall and vehicular population. This 
suggests that the man-made factors such as vehicular density on roads leave higher 
impact on the disease outbreak and prevalence in the city (Table  7.3 ).

7.9        Some Points to Ponder on the Rainfall and Temperature 
Pattern in the Metropolitan Cities 

 Based on the regression results and the rainfall and temperature pattern in the met-
ropolitan cities including Delhi, it can be easily said that the variability in the mini-
mum temperature has been very low in the past two decades; however, the average 

  Fig. 7.7    Average monthly temperature of Delhi {1996–2010}       
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maximum temperature is showing an increasing trend in all metropolitan cities for 
the same duration (Figs.  7.1  and  7.2 ). Annual average rainfall in the metropolitan 
cities is also showing a very high variability which could be due to other global 
infl uences, e.g. El Niño impact (Fig.  7.3 ). Delhi which has expanded remarkably 
over the last two decades is showing a rising trend of dengue prevalence which is 
though worrisome yet could be better predicted depending on the urban growth and 
population density in the particular areas. If rainfall for all other years is not consid-
ered except the rainfall in the year of outbreak of dengue, the study noted interesting 
features. For instance, July has recorded higher rainfall in the outbreak years except 
year 2010 leading to fertile ground for mosquito breeding in the forthcoming months 
by increased humidity and temperature (Figs.  7.4  and  7.5 ). Models have been devel-
oped on the basis of entomological, parasitological and also GIS-based meteoro-
logical variables to predict the outbreak of vector-borne diseases particularly 
malaria as both mortality and morbidity have been a cause of concern during malaria 
outbreak. In one such study based on the meteorological explanation, it is derived 
that when the mean monthly temperature is between 16.0 and 33.60 and relative 
humidity does not exceed 61 %, the correlation became stronger to predict the 
malaria outbreak. With all limitations, the paper quite ably put forth the question of 

    Table 7.2    Correlation matrix of the variables   

 Correlations 

 Total 
cases  Rainfall 

 Mean max. 
temp. 

 Mean 
annual 
temp. 

 Urban 
population 

 Urban 
density  Vehicular 

 Total cases  1  .496*  0.061  0.052  0.034  0.045  0.164 
 0.036  0.809  0.837  0.895  0.86  0.515 

 Rainfall  .496*  1  −0.287  −0.271  −0.02  0  0.022 
 0.036  0.248  0.276  0.939  0.997  0.929 

 Mean max. 
temp. 

 0.061  −0.287  1  .997**  .533*  .533*  0.403 

 0.809  0.248  0  0.023  0.023  0.097 
 Mean annual 
temp. 

 0.052  −0.271  .997**  1  .539*  .539*  0.405 

 0.837  0.276  0  0.021  0.021  0.095 
 Urban 
population 

 0.034  −0.02  .533*  .539*  1  .997**  .948** 

 0.895  0.939  0.023  0.021  0  0 
 Urban 
density 

 0.045  0  .533*  .539*  .997**  1  .935** 

 0.86  0.997  0.023  0.021  0  0 
 Vehicular 
population 

 0.164  0.022  0.403  0.405  .948**  .935**  1 

 0.515  0.929  0.097  0.095  0  0 

  *Correlation is signifi cant at the 0.05 level (2-tailed) 

 **Correlation is signifi cant at the 0.01 level (2-tailed)  
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urban planning and disease control especially urban diseases like dengue and 
malaria. Urban heat island greatly infl uences the relative humidity and may cause 
disease prevalence at an alarming rate besides causing other problems like uncom-
fortable living, boils, depression, etc. The paper also attempts to attract the plight of 
the poor people especially those who are living at the marginal ends of the city both 
at economic and geographical location. Advertisements, fuming and DDT spray are 
becoming ineffective at the time of disease outbreak. What is important is to reduce 
the cause of heating the core of the cities which is caused by traffi c load, lack of 
green areas and emission of hazardous gases through air conditioning. It is all the 
more a cause of concern as the dengue epidemic is now becoming more visible in 
other metropolitan cities too. Another conclusion is that the reporting of the dengue 
cases is primarily by the hospitalisation cases and there is severe underreporting 
also by the government departments. 

 The present paper is a small step to construct the hypothesis of urban infl uence 
on dengue which has baffl ed public health experts and planners to take up preven-
tive measures in the coming years. It is even more important to ascertain the effect 
of urbanization as the disease has been called an urban epidemic by the WHO and 
other studies.     
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   Table 7.3    Regression and coeffi cients of the variables   

 Model summary 

 Model  R  R square 
 Adjusted R 
square 

 Std. error of the 
estimate 

 1  .757a  0.574  0.341  2216.317 
 (a) Predictors: (constant), vehicles, rainfall, mean annual temp., urban density, mean max. temp., 
urban population 

 Coeffi cients(a) 
 Unstandardised coeffi cients  Standardised coeffi cients 
 B  Std. error  Beta  t  Sig. 

 (Constant)  −37623.393  32423.186  −1.16  0.27 
 Rainfall  88.469  37.988  0.522  2.329  0.04 
 Mean max. temp.  7545.605  11782.135  1.755  0.64  0.535 
 Mean annual temp.  −5261.545  11642.57  −1.247  −0.452  0.66 
 Urban population  −0.008  0.005  −5.1  −1.483  0.166 
 Urban density  6.655  6.4  3.143  1.04  0.321 
 Vehicles  0.003  0.001  1.842  2.413  0.034 
 a. Dependent variable: total cases 
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    Chapter 8   
 Urban Industrial Development, Environmental 
Pollution, and Human Health: A Case Study 
of East Delhi       

       R.  B.     Singh      and     Aakriti     Grover    

    Abstract     The process of urbanization poses threats and opportunities in the urban 
environment. On the one hand, urbanization leads to development, but on the other 
as the population increases, the land use/cover changes, pollution increases, and 
there is alteration of urban heat balance. The combination of heat and pollution acts 
as a major health threat. This paper, hence, analyzes the historical growth and spread 
of industries in East Delhi. Further, the impact of growth of industries on human 
health in East Delhi is examined with the help of primary survey. The research 
articles on land surface temperature and land use/cover change act as a base to 
explore the existence of urban heat island in Delhi. It is found that the urban envi-
ronment of Delhi has undergone rapid shift. This shift is accompanied with conver-
sion of land use/cover and rise in air pollutants. The health hazard in these regions 
is high and needs urgent attention.  

  Keywords     Land surface temperature   •   Urban heat island   •   Industrial growth   • 
  Health   •   Air pollution   •   Delhi  

8.1       Introduction 

 Industry is key sector in the economic development and prosperity of any nation. 
Growing industrial sector is crucial for economic development. Ensuring steady 
industrial growth helps to compliment and sustain continued economic 
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development. Rapid population growth, industrialization, and urbanization accom-
panied by growing number of vehicles in India are adversely affecting the environ-
ment. Though the relationship is complex, population size and growth tend to 
expand and accelerate these human impacts on the environment (Roy et al.  2011 ). 
Associated with this are the land use/cover changes wherein the vegetated land 
cover and water bodies are converted to concrete areas, thereby changing the heat 
budget of the city (Singh et al.  2014 ). The combination of land use/cover change, 
increased temperature, and varied kinds of air pollutants are sources of microcli-
matic changes that pose major health problems in large cities of the world. 

 The impermeable surface, greenhouse gases (GHG), and concretization contrib-
ute to increased urban temperature. The phenomenon of creation of island of ele-
vated temperature in comparison to the lower temperature in hinterland is called 
urban heat island (UHI). Long-term exposure to high temperature and pollutants 
poses health risk across geographical location. Ebi and McGregor ( 2008 ) examined 
the role of ozone and suspended particulate matter (SPM) in climate change and 
human health. The ground level ozone is created by reactions occurring between 
oxides of nitrogen (NOx) with volatile organic compounds (VOCs) in the presence 
of sunlight and high temperature. The sources of NOx and VOCs are burning of 
fossil fuels. In urban areas, these are generated in large quantities mainly by vehi-
cles and industries. The increased concentration of ground level ozone and SPM has 
considerable effect on human health. There is rise in asthma, pneumonia, chronic 
obstructive pulmonary disease, allergic rhinitis, and other respiratory diseases. Lo 
and Quattrochi ( 2003 ) indicate the interrelationships among land use/cover change, 
urban heat island, and its implications on health for Atlanta metropolitan area using 
Landsat data. The land use/cover changes have been analyzed for a period of nearly 
25 years from 1973 to 1998. The changes have been calculated for six categories 
including high-density urban use, low-density urban use, cultivated/exposed land, 
cropland/grassland, forest, and water. Urban expansion at the cost of forest, rural 
built up, and cropland is observed. Since land surface temperature (LST) is sensitive 
to land use changes, the apparent increase in LST is noted in the center of the met-
ropolitan area accompanied with lowering of normalized difference vegetation 
index (NDVI). Further, the UHI phenomenon and health are correlated with respect 
to respiratory and cardiovascular diseases that are a result of heat stress and ground 
level ozone. 

 Bentham ( 1992 ) on the other hand diverts attention to stratospheric ozone deple-
tion and its effects due to increased GHG because of air pollutants released particu-
larly in urban centers. According to him, ozone depletion will increase the 
temperature and harm human health as the incidence of heat waves will increase. 
Also, the frequency of climatic disasters will increase leading to loss of lives. The 
linkage between urban environment and heat waves is well researched. Filleul et al. 
( 2006 ) established a relationship between temperature, ozone, and mortality in the 
nine French cities during the 2003 heat wave incidence. The role of UHI on heat 
waves and human health is presented by Tan et al. ( 2010 ). They concluded that heat- 
related mortality is higher in the inner city as compared to the outskirts, and there is 
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a strong correlation between the thermal conditions of the city and increased mor-
tality events. Parallel results are found by Tomlinson et al. ( 2011 ) for Birmingham, 
UK. Bush et al. ( 2011 ) investigated the impacts of climate change on public health 
in India. They assert that minute increase in GHG, generated by industries and 
transport, has infused major changes in the climate regime of the country by infl u-
encing human health. Heat stress and air pollution are major causes of mortality. 

 The state of human health globally serves as a key indicator for the conditions of 
the natural environment and the success of sustainable development (Izhar  2004 ). 
While sound development is not possible without a healthy population, lack of 
development adversely affects the health of many people. Health has direct relation 
to environmental surroundings (Akhtar  2002 ). The analysis of WHO has clearly 
established the interdependence among the factors of health, environment, and 
development. Polluted air, water, and soil are recognized as major cause for diseases 
to occur. Harmful effects of air pollution on human health are well recognized and 
deeply researched. Globally, 1.1 billion people breathe polluted and unhealthy air 
(UNEP  2002 ). 

 It may be recalled that about 80,000 people die every day from diseases related 
to air pollution exposure across the globe. In addition, air pollution is responsible 
for 4.6 million lost life years every year (WHO  2005 ). 

 Our planet is undergoing a profound demographic shift from rural to urban areas. 
Nearly 52 % of the world’s population is urban. The urban population is projected 
to reach fi ve billion by 2030. Ninety percent of this growth is expected to take place 
in developing countries. Cities occupy 2 % of the world’s land yet consume 75 % of 
the world’s resources and are responsible for as much as 80 % of global greenhouse 
gas emissions. Urban air pollution, which has worsened in most large cities in the 
developing world over the last few decades, imposes a heavy burden on the health 
of urban populations throughout the developing world. Every year, an estimated 
800,000 people die prematurely from lung cancer and cardiovascular and respira-
tory diseases caused by outdoor air pollution in the world (WHO  2002 ; CPCB 
 2008 ). Other adverse health effects include increased incidence of chronic bronchi-
tis and acute respiratory illness, exacerbation of asthma and coronary disease, and 
impairment of lung function. Annually, some two million people die from diarrheal 
diseases. Much of this disease burden is caused by contaminated drinking water and 
inadequate sanitation (WHO  2002 ). 

 The examination of the review suggests that there is urgent need to control popu-
lation and environmental pollution in the country for better quality of life and health 
of present and future generation. This is often the case in developing countries, 
where less attention is paid to environmental protection, environmental standards 
are often inappropriate or not effectively implemented, and pollution control tech-
niques are not yet fully developed. India is the second most populous and one of the 
fastest growing countries in the world. All of this development has had a signifi cant 
impact on the environment, making India an excellent place to investigate the effect 
of environmental change on human health. Growing populations and high 
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 proportions of young people in the Third World are leading to large increases in the 
labor force. Agriculture cannot absorb them. Industry must provide these expanding 
societies not only with employment but with products and services for economic 
growth and development industries cannot be stopped. Also the human health can-
not be ignored, and hence it becomes imperative to understand the relationship 
between industries, environment, and health.  

8.2     Rationale for Selecting Delhi as the Study Area 

 Being the national capital, Delhi is a fast-growing center and hub for in-migration. 
To suffi ce the demands and needs of people, both industries and transport are vital. 
At the cost of development, however, environment shall not be compromised as it 
has direct as well as indirect ill impacts on health. Delhi is vulnerable to multiple 
disasters but East Delhi is much sensitive. With the help of climate disaster resil-
ience index tool, Prashar et al. ( 2012 ) analyzed the resilience level of the nine dis-
tricts of Delhi and found that the East Delhi district is least resilient to climatically 
induced disaster, whereas New Delhi is most resilient. Rahman et al. ( 2011 ) explored 
the quality of urban environment in East Delhi using remote-sensing and GIS tech-
niques. The results reveal environmental deterioration due to unplanned urbaniza-
tion accompanied with dense haphazard built-up zones and poor physical 
environment. The shifting of industries to the then periphery of Delhi in East Delhi 
has manifold impacts on human health. Hence the study aims to understand the 
industrial development in the study area and develop the linkages between human 
health and industrial pollution.  

8.3     Database and Research Methodology 

 The analysis is based on primary and secondary sources of data. The secondary data 
sources include population data from the Census of India, the industrial sector data 
of Economic Survey of Delhi, and Statistical Abstracts of India. The pollution data 
was made available from State of Environment Report, CPCB Reports, City 
Development Plan of Delhi, and Forest Survey of India, and articles on industrial 
pollution and health were consulted. Apart from these, there are researches related 
to urban environment and health of Delhi like UHI in Delhi by Pandey et al. ( 2009 ), 
Singh et al. on seasonal variation in UHI, LST of Delhi by Mallick et al. ( 2008 ), 
urbanization and land use/cover change by Rahman et al. ( 2012 ), LST and land use/
cover change by Singh and Grover ( 2014 ), and urban quality of life by Rahman 
et al. ( 2011 ). 
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 Primary survey has been conducted in order to understand the perception of local 
people on the impact of air pollution on their health. For the purpose, a sample size 
of 100 persons was taken. The respondents were randomly selected. The question-
naire was divided into three main categories apart from the basic information on the 
respondent. These sections pertained to status and trend of growth in industries in 
the study area and changes in environment and health due to increase in pollutants, 
and the third section focused on the policy control measures and suggestions to be 
undertaken in order to reduce the ill effects of industrial growth. The questionnaire 
dealt with questions on changes in air quality, causes of the deteriorating air quality, 
type of health problems faced by people due to increase in emission, season of high-
est ill effects on health and solutions suggested to improve the condition of health, 
and the various initiatives government may incorporate in order to control city pol-
lution. Further, the collected data was coded and tabulated using Microsoft Excel; 
the expected tables were extracted. Data have been analyzed by using the appropri-
ate pie charts and bar and line graphs, and temporal analysis has been done for the 
available data sets for different years.  

8.4     Study Area 

 East Delhi is located on the eastern bank of Yamuna River between 28° 34′ 47″ to 
28° 40′ 47″ N latitude and 77° 15′ 05″ to 77° 20′ 37″ E longitude (Fig.  8.1 ), having 
an area of about 64 km 2 . It is located on fertile-leveled Yamuna Plains that are fast 
converting into built-up areas. According to the Census of India ( 2011 ), the popula-
tion of East Delhi was 1,707,725. The district has a population density of 26,683 
inhabitants per square kilometer. Its population growth over the decade 2001–2011 
was 16.68 %. East Delhi has a sex ratio of 883 females for every 1000 males and a 
literacy rate of 88.75 %.

   Delhi has extreme continental climate with annual temperature ranging from 
3 °C in winters to 45 °C in June, and average rainfall ranges from 400 to 600 mm. 
As per the estimates of the Forest Survey of India ( 2011 ), the total forest cover and 
tree cover in Delhi increased to about 176.2 km 2  (11.88 %) in 2011. Besides, lush 
green tree cover has grown that cover about 120 km 2  (8.09 %). The vegetation on 
the ridge mainly belongs to thorny scrub type, representing semiarid conditions. 

 Administratively, East Delhi has been divided into three parts – Gandhi Nagar, 
Preet Vihar, and Vivek Vihar. Gandhi Nagar is a middle-income commercial and 
residential area characterized by ready-made garments/textile market. The area is 
one of the most congested colonies with a population of around 3.5 lakh. On the 
other hand, Preet Vihar and Vivek Vihar are large residential areas in East Delhi. 
The urban population of East Delhi was over 98 % in 2001 with Vivek Vihar having 
total urban population of 100 % (Table  8.1 ).
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  Fig. 8.1    Location of study area (Source: Administrative Atlas of Delhi, 2011)       
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8.5        Results and Discussion 

8.5.1     Industrial Development 

 As per Economic Survey of Delhi ( 2001 –2002), there were about 129,000 industrial 
units in Delhi in 1998, against 85,050 units in 1991. An average unit employed 9 
workers, while 30 % of the units employed less than 4 workers. The number of 
industries is continuously increasing from 1981 to 2001. Due to increase in number 
of industries, a number of employees have also increased except in 1991 when due 
to court’s order, industries were asked to shift to peripheral areas and some most 
polluted industries were banned. In 2001, again, there was further increase in per 
unit employee. In 2011, there were 285 food industries, 38 tobacco industries, 682 
paper and printing industries, and 293 chemical product industries (Economic 
Survey of Delhi  2012 –2013). 

 According to the Fifth Economic Census, Delhi was ranked 16 th  in India (based 
on the results of 35 states and union territories) with respect to the number of estab-
lishments accounting for about 1.80 % of the total establishments in India. The total 
number of establishments found to be operating during 2005 in the geographical 
boundaries of the National Capital Territory of Delhi was 757,743. 

 The density of establishments per square kilometer was highest in Central Delhi 
(3,223) followed by North East district (1,625) and East Delhi district with 1,492 
industries per square kilometer. East Delhi has various kinds of industries like food 
industry, copper industry, wire industry, electronic industry, printing industry, and 
paper industry. East Delhi is basically known for medium- and small-scale indus-
tries. In East Delhi, there are four industrial areas and three industrial locations. 
These industrial areas are Shahdara Industrial Area, New Friends Colony Industrial 
Area Shahdara, Jhilmil Industrial Area, and Patparganj Industrial Area. The indus-
trial locations however are Shahdara, Patparganj, and Jhilmil. 

 Shahdara is the hub of industries such as paper, printing, wire and cable, food, 
plastic, chemicals, and metal. There are some famous manufacturing industries; 
these are DS Automobile Industries, Bakshi Plastic Industries, Ashoka Packaging 
Industries, Bareja Helmet Industries, Kirdar Chemicals Industries, Shiv Metal 
Industries, Vikas Dhatu Udyog, and Moon Light Fancy Works. Patparganj Industrial 

  Table 8.1    Distribution of 
urban population in East 
Delhi  

 Location  Urban population  Percentage 

 Gandhi Nagar  362,275  98.14 
 Vivek Vihar  210,055  100 
 Preet Vihar  873,030  98.69 
 East Delhi  1,445,360  98.75 

  Source: Census of Delhi  2001   
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Area is known as “Functional Industrial Estate.” It is basically known for manufac-
turing industries. There are some examples of manufacturing industries – T. R. 
Sawhney Motors Private Limited, IG Homoeo Remedies Private Limited (medicine 
manufacturer), Almonard Private Limited (fans manufacturing and AC repair), 
industrial chemical, art printing, batteries, and computer hardware. Jhilmil on the 
other hand is a complex, much systematic, and organized industrial area. This 
industrial area has been divided in blocks. 

 The household industry in Delhi consists of agarbatti, aluminum hangers, electri-
cal and electronic gadgets, sewing machines, assembly of hand tools, candles, cane 
and bamboo products, brushes and brooms, carpentry, cardboard boxes, packaging, 
dari and carpet weaving, detergent, dairy products, dry cleaning, embroidery, fram-
ing of pictures, pencils and pens, hosiery products, leather belts, paper and statio-
nery items, repair of watches, repair of bicycles, stone engravings, sport goods, 
tailoring, toys, food processing, jewelry, wool knitting, zari, and zardozi.  

8.5.2     Urban Environment of Delhi 

 The studies on urban environment of Delhi reveal that the city has rapidly grown as 
a megacity. The process of urbanization has inculcated obvious changes in land use/
cover of Delhi by replacing the porous land cover with impermeable land use, in 
order to fulfi ll the needs of rising population in terms of living space, place of work, 
and transport network. Associated with the urban development are ill effects 
refl ected in terms of land use/cover changes, pollution, increase in surface tempera-
ture, and other environmental changes. Research on these issues has swelled in the 
recent past due to its inherent impact on human and environmental health. 

8.5.2.1     Land Use/Cover Change and LST 

 Rahman et al. ( 2012 ) assessed the land use/cover in North West district of Delhi 
with the help of  Aster  image. The research concluded that urban expansion and 
sprawl has altered the land use/cover by reducing forest cover and wasteland by 
converting them to urban built-up areas and thus is the prime cause for LST rise. 
The results by Sharma and Joshi ( 2012 ) show expansion of built-up areas at the cost 
of rural hinterland, agricultural zones, and forests. The rapid unplanned growth of 
the city has pushed the hinterland to peripheral zone and developed dense network 
of buildings and transport network in the city center. Mallick et al. ( 2008 ) have 
estimated the LST of Delhi using Landsat 7 data. LST is a refl ection of physical and 
environmental processes. The results assert the increasing trend of LST correspond-
ing with concrete land use/cover. The land use/cover change are helpful in under-
standing LST change and UHI creation.  
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8.5.2.2     Changes in LST and Creation of UHI 

 The recent research by Singh and Grover ( 2014 ) correlates land use change and 
UHI in Delhi. Comparative analysis of a decade of data is done using Landsat 5 
image of 2000 and 2010. The surface temperature for the month of May from 2000 
to 2010 refl ects stark increase all through the city, especially in the western Delhi. 
The surface temperature difference (Fig.  8.2 ) is maximum for South West Delhi, 
which is largely fallow land. Moderate to high change is observed in East Delhi 
which in the recent past has undergone vast concretization. The study shows that 
Delhi, unlike many large cities of the world, has UHI creation but of low intensity 

  Fig. 8.2    Spatial distribution of surface temperature difference (Source: Adopted from Singh and 
Grover ( 2014 )       
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and extent. Rather, many small UHIs are created in the city. This is due to the fact 
that concretization in Delhi is much horizontal than vertical and hence the warm air 
is not trapped due to the design and height of buildings. Added to this is the cooling 
effect of Yamuna River and large tree cover.

   Pandey et al. ( 2009 ) presented the study on creation of UHI in Delhi in summer 
season for day and night using MODIS data. Singh et al. ( 2014 ) presented the sea-
sonal variation in UHI creation for Delhi representing summer, winter, autumn, and 
spring season. This study also unveils similar outcomes. There is a strong correla-
tion between land use/cover type and LST, for instance, vegetation, forest, and 
water body record low temperature, whereas urban and rural built up have high LST.  

8.5.2.3     Air Pollution 

 The pollution level, especially aerosol, SPM (Pandey et al.  2009 ), oxides of carbon, 
nitrogen, and sulfur (Jain and Khare  2008 ), has increased in Delhi. The main causes 
of this increase are the high pace of fl eet of vehicles added on the roads and the 
industrial growth. The urban environment owing to combination of factors like land 
use/cover change, pollution, and LST change has altered to a large extent (Rahman 
et al.  2011 ). This is refl ected in changes in quality of water, air, noise, living condi-
tions, and overall environment of Delhi (Rahman et al.  2009 ). The remote-sensing 
data and GIS techniques are utilized by Rahman et al. ( 2009 ) to assess urban envi-
ronmental issues in Delhi. The air pollution, noise pollution, industrial growth, solid 
waste generation, and LST have been intelligently correlated. 

 The Central Pollution Control Board is the primary authority for recording and 
maintaining data on air quality and pollution level. The industries in 1970–1971 
were recorded to be the prime contributor to air pollution, with vehicular pollution 
and domestic sources having lower share. The following decade experienced 
increase in vehicular pollution and decrease in industrial pollution. Further, in the 
1990s and 2000s, the contribution of vehicles increased constantly, and on the con-
trary, the industrial polluting units declined (Fig.  8.3 ). This can be attributed to 
relocation and closing of many industries as a result of High Court order. By 2000–
2001, 72 % pollution was caused by means of transport, 20 % by industries, and 
only 8 % by domestic sources.

   There are multiple forms of pollution and changes in air quality caused by the 
industries. These include air, water, noise, soil, and solid waste. Most people recog-
nized solid waste as the major component of waste that may be due to its visibility. 
Nearly 30 % of the respondents pointed out to the toxic gas emissions, and 11 % 
pointed out the industrial effl uents as a form of industrial pollution (Fig.  8.4 ). These 
forms of air pollution are toxic gases, bad odor and smell, and suffocation. The 
assessment of form of degradation of air quality is based on primary survey (Fig. 
 8.5 ). It is evident that the emission of toxic gases is much higher in East Delhi than 
any factor. After toxic gases, suffocation is also responsible for air quality degrada-
tion, and other factors are odor and smell. The people of East Delhi believed that 
effect of toxic gases is much higher in air quality degradation which is almost dou-
ble in all factors.
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8.5.3          Air Pollution and Human Health 

 The gases exhaled from the industries can seriously adversely affect the health of 
the population and should be given due attention. The gases mentioned below are 
mainly outdoor air pollutants, but some of them can and do occur indoor depending 
on the source and the circumstances:

•     Lead:  Prolonged exposure can cause damage to the nervous system, digestive 
problems, and in some cases cancer. It is especially hazardous to small 
children.  

•    Radon : A radioactive gas that can accumulate inside the house, it originates from 
the rocks and soil under the house, and its level is dominated by the outdoor air 
and also to some extent the other gases being emitted indoors. Exposure to this 
gas increases the risk of lung cancer.  

•    Ozone : Exposure to this gas makes our eyes itch, burn, and water, and it has also 
been associated with increase in respiratory disorders such as asthma. It lowers 
our resistance to cold and pneumonia.  

•    Carbon monoxide (CO) : CO combines with hemoglobin to lessen the amount of 
oxygen that enters our blood through our lungs. The binding with other heme-
proteins causes changes in the function of the affected organs such as the brain 
and the cardiovascular system and also the developing fetus. It can impair our 
concentration, slow our refl exes, and make us confused and sleepy.  

•    Sulfur dioxide (SO   2   ) : SO 2  in the air is caused due to the rise in combustion of 
fossil fuels. It can oxidize and form sulfuric acid mist. SO 2  in the air leads to 
diseases of the lung and other lung disorders such as wheezing and shortness of 
breath. Long-term effects are more diffi cult to ascertain as SO2 exposure is often 
combined with that of SPM.  

•    SPM (suspended particulate matter) : SPM consists of dust, fumes, mist, and 
smoke. These particles when breathed in, lodge in our lung tissues and cause 
lung damage and respiratory problems. The importance of SPM as a major pol-
lutant needs special emphasis as (a) it affects more people globally than any 
other pollutant on a continuing basis; (b) there is more monitoring data available 
on this than any other pollutant; and (c) more epidemiological evidence has been 
collected on the exposure to this than to any other pollutant (Table  8.2 ).

      The ambient air quality as monitored by CPCB during 1999 shows reduction in 
levels of various air pollutants in ambient air as compared to previous years. The 
reducing trend was observed with respect to carbon monoxide, nitrogen dioxide, 
and lead in residential areas. But in comparison to WHO air quality guidelines, the 
levels of suspended particulate matter are more than the double, and the levels of 
lead are much more, whereas the levels of sulfur dioxide and nitrogen dioxide are 
lower. 

 It is evident that air pollution poses considerable health concerns. There is a large 
proportion of human mortality taking place due to respiratory diseases (Table  8.3 ). 
However, it is not clear that these are due to industrial pollution. Hence, there is a 
need to develop dose-response function for city conditions. Few studies show that 
in Delhi air pollution also causes various diseases. Time series analysis of the impact 

R.B. Singh and A. Grover



125

of the particulate air pollution on daily mortality in East Delhi was carried out. 
Study shows that age group of 15–44 are more affected by air pollution. AIIMS 
have correlated daily levels of various pollutants with the number of patient visiting 
the AIIMS. Casualty for aggravation of certain defi ned cardiorespiratory disorder 
study proves the point that respiratory symptoms are more frequent among people 

   Table 8.2    Sources and health impacts of common outdoor air pollutants   

 S. no.  Pollutant  Source 
 Zone of 
infl uence  Health impact 

 1  Suspended 
particulate 
matter 

 Natural sources, 
windblown dust, 
forest fi re, volcanic 
eruption, combustion 

 Local and 
surface 

 Pneumoconiosis, restrictive 
lung disease, asthma, cancer, 
etc. 

 2  RSPM or PM 
10 

 Industries, 
combustion of fossil 
fuels, vehicle exhaust 

 Regional 
and surface 

 Respiratory illness like 
chronic bronchitis and asthma, 
heart disease, etc. 

 3  Sulfur dioxide  Power stations, 
petroleum refi neries, 
industrial boilers 

 Regional 
and global 

 Heart, respiratory problems 
including pulmonary 
emphysema, cancer, eye 
burning, headache, etc. 

 4  Oxides of 
nitrogen 

 Power plants, electric 
utility boilers, vehicle 
emission 

 Regional 
and global 

 Lung irritation, viral infection, 
airway resistance, chest 
tightness 

 5  Carbon 
monoxide 

 Incomplete 
combustion of carbon 
fuels, motor vehicles 

 Local and 
surface 

 Cherry lips, unconsciousness, 
death by asphyxiation 

 6  Ozone  Chemical reaction of 
NO 2  with VOC 

 Surface  Impaired lung function, chest 
pain, coughing, eye and nose 
irritation 

 7  Lead  Vehicle exhaust, lead 
smelting, processing 
plants 

 Local and 
surface 

 Decrease hemoglobin 
synthesis, anemia, damage to 
nervous system and renal 
system, etc. 

  Source: Adopted from Patankar ( 2009 )  

  Table 8.3    Percentage of 
deaths due to respiratory 
diseases, East Delhi  

 Year  In percent 

 1998  11 
 1999  9 
 2000  10 
 2001  4 
 2002  10 
 2003  10 
 2004  5 
 2005  7 
 2006  6 

  Source: CPCB Delhi ( 2010 )  
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residing in highly polluted areas. Emergency room visit for asthma, chronic obstruc-
tive airway disease, and acute coronary events increased by 21.3 %, 24.9 %, and 
24.3 %, respectively, on account of higher than acceptable levels of pollutants.

   The research on impact of air pollution from different sources on human health 
in Delhi is profoundly studied area. Goyal et al. ( 2006 ), Ravindra et al. ( 2006 ), Jain 
and Khare ( 2008 ), and Nagdave ( 2004 ) focused on status and trend of environmen-
tal pollution in Delhi. Centre for Science and Environment (CSE) carries out 
researches on health and environment of Delhi on regular basis. It reveals the out-
come of shifting industries to peripheral zones as a wise policy and asserts that fuel 
quality along with the steep increase in vehicle use has increased air pollution in 
Delhi. The impact is assessed by correlating respiratory illness and cardiovascular 
diseases to pollution trends. The impact of air pollution on health in Delhi was car-
ried out by Cropper et al. ( 1997 ). They detailed the age, gender, and season-wise 
incidence of mortality due to air pollution. The trend of pollutants on seasonal basis 
was also analyzed. The studies refl ect that long-term, repeated exposures to air pol-
lution increase the cumulative risk of chronic pulmonary and cardiovascular disease 
and even death (CPCB  2008 ). 

 According to the primary survey, over 70 % people responded that their health is 
good. None responded on poor or very poor health. Thus, generally, the sample 
population has fair to good state of physical health (Fig.  8.6 ).

   To understand the correlation between industrial pollution and human health in 
the study area, people were asked on their perception of causes of their health prob-
lems. Many respondents from East Delhi believed that they are much affected by 
respiratory disease and comparitively less affected by waterborne disease (Fig.  8.7 ), 
the reason being that people living there for over 10 years could compare the past 
and present status of air quality. Many health problems were identifi ed like breath-
lessness, cough, and cold being common, in general, for all age groups. Some 
 proportion did mention acute respiratory illness like asthma, sinus, and bronchitis to 
name a few. Over 40 % did respond as having no disease but did mention some 
minor illness like headache and dizziness that are also well-recognized impacts of 
emissions.

100

80

60

40

20

0
Good Fair Poor

Perception of Health Status

R
es

p
o

n
se

 o
f

R
es

p
o

n
d

en
ts

 (
%

)

Very Poor

  Fig. 8.6    Perception of health status of respondents, East Delhi (Source: Primary Survey)       
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   However, most people also recognized that industrial pollution has a major 
impact on human health and working effi ciency. Nearly 80 % acknowledged that 
their ill health is due to pollution caused by industries in the vicinity (Fig.  8.8 ). The 
wind transports the polluted air to nearby residential colonies causing changes in 
daily lifestyle. Health problems reported most were common cold, cough, head-
ache, and itching in eyes and nose. Across age and gender, these health problems 
were noted. Some people also responded on asthma, cardiovascular diseases, and 
respiratory illness. The health of people deteriorated in rainy season. Delhi has 
developed much space for recreation and parks. Residents, especially the old and 
women with children, go out to nearby green zones on a regular basis.

   This has helped maintain or reduce respiratory problems to a large extent. While 
moving on two wheelers or three wheelers, people prefer using cloth mask to  protect 

46%

Respiratory Disease Waterborne Disease No Disease

43%

11%

  Fig. 8.7    Major health problems due to industrial pollution, East Delhi (Source: Primary Survey)       
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  Fig. 8.8    Impacts of industrial pollution on human environment, East Delhi (Source: Primary 
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their skin from burning that also saves them from inhaling harmful gases. The 
respondents recognized that the tree cover in the city has increased over the last few 
years and hence the air quality is still better. The other impacts of pollution on 
human health are seen as changes in work effi ciency and lifestyle. Only a few per-
centage of sample population responded on decline in work effi ciency or lifestyle 
changes.   

8.6     Conclusion and Suggestions 

 Rapid, unplanned, and unsustainable patterns of urban development are making 
developing cities focal points for many emerging environment and health hazards. 
Unsustainable patterns of transport, industrialization, and urban land use are either 
the driver or root cause of a number of signifi cant and interrelated environment and 
health hazards faced by urban dwellers in developing countries. These health and 
environment linkages cut across a range of policy sectors and thus are often over-
looked in policymaking. A growing awareness of industrial pollution and its conse-
quences has led to tighter restrictions on pollution all over the world, with nations 
recognizing that they have an obligation to protect themselves and their neighbors 
from pollution. 

 While industrialization is an essential feature of economic growth in developing 
countries, like India, industrial practices may also produce adverse environmental 
health consequences. To provide employment and satisfy the demands of the 
increasing population, industrial sector is rapidly growing in India. Industries are 
also the major sources of pollution and hence, the fl ip side of this development is 
degrading human health. The considerable magnitude of air and water pollution 
pulls up the number of people suffering from respiratory and waterborne diseases 
many a times leading to deaths and serious health hazards.     
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    Chapter 9   
 Climate Change and Human Health Impact 
and Adaptation Responses in Nepal       

       Bimal     Raj     Regmi     ,     Cassandra     Star    ,     Bandana     Pradhan    , and     Anil     Pandit   

    Abstract     This chapter aims to understand the human health dimensions of climate 
change in Nepal. A case study approach was used to describe and quantify the asso-
ciation between climate factors and reported cases of typhoid and other health- 
related hazards in Nepal along with their impacts and implications. The research 
fi ndings show that diseases and health-related hazards have increased in the country. 
There is an association between the incidence of climate-sensitive diseases and 
changes in temperature and precipitation trends. The study data suggests that cli-
mate change is likely to have impacts on the health sector in Nepal; however current 
adaptation policies, strategies, and response measures in this sector are insuffi cient 
to address such impacts. The lack of response measures has resulted in increased 
risk and vulnerability among the poor and marginalized communities living in both 
rural and urban areas of Nepal. There is an urgent need to devise policies and strate-
gies to fi ll the existing information and knowledge gaps and implement an inte-
grated approach for better health planning and research in Nepal, to develop 
long-term mechanisms of addressing health issues and challenges in urban and rural 
areas.  
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9.1       Introduction 

 Nepal is located along the southern slopes of the Himalayas between the Tibetan 
region of China in the north and the Gangatic plains of India in the south. The coun-
try has an area of 147,181 km 2 , and it lies between longitudes 80° 4′ to 88° 12′ east 
and latitudes 26° 22′ to 30° 27′ north (Fig.  9.1 ). The census data shows that Nepal’s 
population is increasing by 1.4 % per annum, the total population reaching 
26,620,809 in 2011 (CBS  2011 ). Agriculture provides a livelihood for three-fourths 
of the population and accounts for about one-third of the gross domestic product 
(GDP).

   Nepal’s geographic and ecological variation makes its vulnerable to climate 
change. A study by Baidya et al. ( 2007 ) shows that the rate of increase in tempera-
ture (0.04 °C/year) is higher than the mean global rate. Similarly, Nepal has experi-
enced variability in the rainfall pattern over the last two decades. An analysis of 
daily precipitation data for a 46-year period from 1961 to 2006 carried out by the 
Department of Meteorology shows an increasing trend in precipitation extremes 
such as higher rainfall within a short duration of time (Baidya et al.  2008 ). Future 
climate change projection also shows a greater climatic variability and increase in 
temperature across the country, rising from 0.5 to 2 °C with a multi-model mean of 
1.4 °C by 2030 (NCVST  2009 ). 

 Weather and climate have a wide range of health impacts and play a role in the 
ecology of many infectious diseases (Patz et al.  2000 ). The relationships between 
health and weather, climate variability, and long-term climate change are complex 
(McMichael et al.  2006 ). Changes in climatic elements such as temperature, humid-
ity, precipitation, wind, and pressure have direct and indirect effects on the health of 
human beings (Regmi et al.  2008 ). 

 The fi fth assessment report of the Intergovernmental Panel on Climate Change 
(IPCC) has indicated that climate change impacts on human health will be multifold. 
A number of adverse public health impacts are expected to worsen in climate- related 
disasters such as storms, fl oods, landslides, extreme heat, drought, and wildfi res 
(IPCC  2014 ). These are highly context specifi c but range from a worsening of exist-
ing chronic illnesses (which could be widespread); to possible toxic exposures via 
air, water, or food; and deaths, which are expected to be few to moderate in number 
but could be signifi cantly higher in low-income countries (Keim  2008 ). 

 Climate change impacts have been attributed to an increase in the prevalence of 
both vector-borne and water-borne diseases. A range of vector-borne illnesses has 
been linked to climate, including malaria, dengue, hantavirus, bluetongue, Ross 
River virus, and cholera (Patz et al.  2005 ). The incidence of cholera, for example, 
has a seasonal variability that may be directly affected by climate change (Koelle 
and Pascual  2004 ). Vector-borne illnesses have been projected to increase in geo-
graphic reach and severity as temperatures increase (McMichael et al.  2006 ). 
According to Lafferty ( 2009 ), mosquitoes and other vectors are moving to inhabit 
areas previously free from such vectors of transmission. Research in the last decade 
has demonstrated that cholera is also sensitive to climate variability (Rodo et al. 
 2002 ; Koelle et al.  2005a ; Constantin de Magny et al.  2007 ; Koelle et al.  2005b ). 

B.R. Regmi et al.



133

  F
ig

. 9
.1

  
  M

ap
 o

f 
N

ép
al

 s
ho

w
in

g 
th

e 
st

ud
y 

ar
ea

       

 

9 Climate Change and Human Health Impact and Adaptation Responses in Nepal



134

Cholera outbreaks may become more widespread as the climate continues to change 
due to the projected increase in frequency of heavy precipitation over many areas of 
the globe (Koelle et al.  2005a ). 

 Extreme climate events are expected to become more frequent as a result of cli-
mate change in Nepal (MoE  2010 ). Historical data show that in Nepal, disasters, 
famines, and disease outbreaks have been triggered by droughts and fl oods (NCVST 
 2009 ). Due to more extreme temperatures, heat stress is likely to become common, 
causing heat stroke and other problems for the working-class population in urban 
areas of Nepal (Pradhan et al.  2013 ). There is also an increasing trend in other 
vector-borne and water-borne diseases in both the rural and urban areas of Nepal, 
often shifting to the higher altitudes (Regmi et al.  2008 ). Badu ( 2013 ) found that 
with climate change, there are more desirable conditions for water-borne diseases, 
and diarrheal incidences in particular are predicted to rise in the future. 

 Malaria is already a problem in most countries in the Hindu Kush-Himalayas 
(Narain  2008 ; Bhattacharya et al.  2006 ; Kristie et al.  2007 ). Malaria, kala-azar, and 
arboviral diseases are common particularly in all Tarai and most hill districts of 
Nepal (Regmi et al.  2008 ). Outbreaks of kala-azar and Japanese encephalitis are 
also linked to climate change in Nepal’s subtropical and hot regions. There is evi-
dence that malaria vectors such as  Anopheles fl uviatilis , traditionally not found 
above an elevation of 1500 m, have now been seen in an additional 13 districts of 
Nepal and are endemic in 65 out of a total of 75 districts, including a few in the 
mountains (DoH  2008 ; Dhimal and Bhusal  2009 ). A cross-sectional entomological 
survey conducted by Dhimal and Bhusal ( 2009 ) after the fi rst outbreak of dengue in 
Nepal identifi ed the presence of  Aedes aegypti  in Kathmandu in 2009. Previously, 
 Aedes aegypti  had not been recorded in the country. The presence of this mosquito 
in these urban areas may be attributed to climate change (Dhimal and Bhusal  2009 ). 

 There is a link between disease outbreaks and climate change (Patz et al.  2005 ). 
As at the year 2000, the global burden of diarrhea and malnutrition attributable to 
climate change was already the largest in the world in South Asian countries includ-
ing Bangladesh, Bhutan, India, Maldives, and Nepal (Ramachandran  2014 ). A num-
ber of recent studies have highlighted the burden of diarrheal diseases in mountain 
regions. The quantity and timing of runoff from snowmelt and glaciers directly and 
indirectly infl uence the incidence and prevalence of water-related diseases (Ebi 
et al.  2007 ). The need to store water will increase the risk of water-borne and water- 
based infections, as will fl ooding and water contamination. Contagious outbreaks 
are more pronounced after fl oods that disrupt sewage systems and contaminate the 
drinking water (Regmi et al.  2008 ). 

 In addition to infectious diseases, there is an increasing trend of injury-based 
morbidity and mortality in Nepal due to the impacts of climate-induced disasters. 
Nepal is classifi ed as one of the “hot spots” for geophysical and climatic hazards 
(NSDRM  2009 ). By global standards, in the two decades from 1988 to 2007, Nepal 
was in the 23rd position in terms of loss of lives due to natural hazards (MoHA and 
DPNet  2009 ). Due to mass fl ooding and landslides, many people in both rural and 
urban areas lost their houses and lands. The data reveal that more than 80 % of 
property loss was due to climate-related disasters. In 2010, MoHA and DPNet 
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reported that more than 4,000 people had died in the previous 10 years due to 
climate- induced disasters, causing an economic loss of US$ 5.34 billion. Besides 
economic losses, the physical and mental stress on households of losing their family 
members is high. 

 Knowledge and information on climate change and its impacts on human health 
in Nepal are limited. There is also a lack of in-depth studies that investigate the 
human health implications of climate change on the well-being of people in Nepal. 
The main objective of the study reported here is to analyze the impacts of climate 
change on health in selected vulnerable communities. Specifi cally the study aims 
to:

•    Examine the association between and impact of changing climate factors (tem-
perature, rainfall) and water-borne diseases in urban areas of Nepal  

•   Assess the impacts and implications of extreme weather events in terms of the 
health-related hazards in selected rural areas in Nepal    

 The outcomes of the study are relevant for health-related professionals and pol-
icy makers seeking to design both research and development strategies to deal with 
issues related to human health in Nepal. The empirical evidence provided in this 
chapter can be used to guide policy makers, researchers, practitioners, and develop-
ment professionals mostly engaged in implementation in Nepal to develop effective 
coping and adaptation strategies in the health sector.  

9.2     Research Methodology 

9.2.1     Research Methods 

 The research methodology used a case study to document climate change impacts 
and implications in relation to the outbreak of diseases and health hazards in urban 
and rural areas of Nepal. A case study approach is useful for providing a cross- 
sectional and in-depth analysis of a particular problem or context that captures both 
urban and rural health-related issues (Yin  2003 ). One limitation of a case study 
approach is that it can lead to generalization. The authors have endeavored to mini-
mize this limitation by emphasizing the empirical fi ndings. 

 The fi rst case involved a study of typhoid in urban areas of Nepal, focusing on 
cases at Patan hospital in Kathmandu. Kathmandu Valley was selected because it is 
the most populated, fragile, and risk-prone area in terms of climate change impacts 
and health-related risks and hazards (GoN  2010 ). Secondary literature, including 
journal articles, published books and papers (seminar/workshop proceedings), insti-
tutional reports, and other publication materials were reviewed to gather data. 
Primary data and information were collected from consultation with a wide range of 
stakeholders. Various stakeholders working in climate change were also consulted 
through a series of meetings and included government agencies. Government offi -
cials, including the IPCC national focal point, were consulted to inform them about 
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the study. In addition, a 1-day stakeholder workshop was organized to share the 
fi ndings of the case study as well as obtain feedback and suggestions from 
participants. 

 The second case involved a study of climate change impacts on human health in 
rural areas. This was carried out involving two Village Development Committees 
(VDCs) of Pyuthan district in the mid-western region of Nepal (Fig.  9.2 ). The 
research sites were selected purposively in order to represent rural locations and 
investigate climate change impacts at the community level. In-depth interviews and 
focus group discussions were conducted with selected members of the communities. 
A total of 128 randomly selected households in the two VDCs were interviewed to 
map their perceptions of the impacts of climate change on human health. Focus 
group discussions were held with six community groups and local  stakeholders. In 
addition, semi-structured interviews were undertaken with 28 practitioners and 17 
policy makers, including health professionals and other policy  makers. The inter-

  Fig. 9.2    Map showing the study areas ( Source : Author)       
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views and discussions with different stakeholders were useful for obtaining insight 
into the views of policy makers, practitioners (professionals engaged in implementa-
tion), and communities on climate change implications in the health sector.

9.2.2        Research Data 

 Data were collected from a range of sources for the research. Data on typhoid cases 
were obtained from Patan Hospital, one of three large general hospitals within the 
Kathmandu metropolitan area. It has 251 beds and provides inpatient and outpatient 
medical, surgical, pediatric, obstetric, and gynecology services and serves as a pri-
mary care facility. Each year Patan Hospital has approximately 250,000 outpatient 
visits, 30,000 emergency department visits, and 15,000 admissions. Bed occupancy 
for medical wards typically runs at almost 100 %, and approximately 90 % of the 
patients are residents of the immediate Kathmandu Valley area. Data on cases of 
laboratory-confi rmed episodes of typhoid fever from 1997 to 2005 were recorded, 
including both inpatient and outpatient data. The data were retrieved from the 
microbiology laboratory, where all the blood cultures from inpatients and outpa-
tients are collected and cultured. 

 Meteorological data (temperature and rainfall) across a 30-year period for 
Kathmandu Valley and Pyuthan District were obtained from the Department of 
Meteorology and Hydrology, Nepal Government, and analyzed. The meteorological 
stations of Khumaltar, Bijuwataar, and Gorahi were selected as sites for analysis of 
temperature and rainfall trends and variability. In addition, secondary data from the 
health post of Dhugegadi VDC, the district health offi ce of Pyuthan district, 
Pyuthan’s district administrative offi ce, and Ministry of Home Affairs were col-
lected in order to analyze the health-related implications of climate change at the 
national and local level.   

9.3     Major Findings 

9.3.1     Trend of Typhoid Cases in Kathmandu Valley 

 The aim of this case study was to explore if recent trends in the rising temperature 
and rainfall variability in the Kathmandu Valley have any association with an 
increasing number of culture-positive typhoid cases recorded in an urban hospital of 
the valley. The case study also looked at other external factors that contribute to an 
increase in climate vulnerability in the health sector in urban areas of the Valley. 

 Typhoid fever is a systemic bacterial infection caused by  Salmonella typhi . 
Typhoid is usually acquired through ingestion of water or food contaminated by the 
urine or feces of infected carriers, and as such it is a common illness in areas where 
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sanitation is poor and the socioeconomic status of people is low. Worldwide, at least 
17 million new cases and up to 600,000 deaths are reported annually. The case- 
fatality rate of typhoid fever is 10 %, but it can be reduced to 1 % with appropriate 
antibiotic treatment (WHO  1996 ). Case fatality rate here refers to the number of 
patients who die/number of patients who are infected with the disease, expressed in 
a percentage. 

 The study found that the number of typhoid cases in urban areas of Nepal has 
been increasing since 2001 (Fig.  9.3 ) but that average case fatality rates appear to be 
generally decreasing across year-to-year fl uctuations (DoHS  2005 ). There are vari-
ous reasons for the typhoid rising trend in Kathmandu Valley. One of the reasons for 
the increase can be attributed to rising temperature. The temperature data show that 
the average temperature in Kathmandu Valley is increasing at a faster rate than other 
parts of Nepal (0.8 in the period 1968–1998), making it one of the most vulnerable 
urban areas in Nepal (Baidya et al.  2008 ; GoN  2010 ).

   Analysis of the data on temperature and typhoid cases for the Kathmandu Valley 
shows a positive correlation. Figure  9.4  illustrates that the cases of typhoid recorded 
at Patan Hospital, Kathmandu, tend to rise from the month of May onward, reach a 
peak in July, and decline in the following months. This pattern coincides with the 
seasonal rise in temperature and is more closely with the maximum temperature 
trend. Of particular importance are the months of May and June which fall in the 
summer season, during which the monsoon rainfall also occurs.

   The cases of typhoid can also be linked to the precipitation pattern in the 
Kathmandu Valley (Fig.  9.5 ). The rainfall totals rise from mid-May, reach a maxi-
mum in July, and decline from the month of September. Coincidently, the cases of 
typhoid rise during the months of June, July, August, and September. Although 
more detailed research would be required to establish the true cause and effect 
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  Fig. 9.3    Increasing trend of typhoid cases in Kathmandu Valley ( Source : Regmi et al.  2008 )       
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 relationship between temperature and precipitation and typhoid cases, it can be con-
cluded that drinking water sources are more likely to be contaminated with fecal 
matter during heavy rainfall periods. Overall, there is an increasing trend of typhoid 
cases from 1997 onward (Fig.  9.4 ). The typhoid-positive cases were confi rmed by 
blood culture tests that ranged from 6 to 19 % of the total cases cultured (Fig.  9.6 ).

    Apart from temperature and rainfall, other associated factors might have contrib-
uted to the increased number of typhoid cases in Kathmandu Valley. One of the 
important factors identifi ed is poor water quality and sanitation. Table  9.1  indicates 
that the various sources of water consumed by the people of the valley are not free 
from fecal contamination, though they are safe within World Health Organization 
(WHO) guidelines in terms of selected chemical parameters. This has been verifi ed 
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in the studies undertaken by Pradhan et al. ( 2005 ). According to this study, no single 
drinking water source in the region – including dug wells, shallow wells, deep wells, 
springs, stone spouts, ponds, river, and pipe water – is 100 % safe from pathogenic 
bacterial contamination.

   According to the government sources, the high occurrence of typhoid cases may 
also be attributed to the lack of access to clean drinking water sources and the poor 
sanitation conditions in Kathmandu Valley. Overall, slightly below 30 % of house-
holds in Kathmandu, as of 2010, still have no access to water from a pipe source that 
is considered a “safe” drinking water source. This means they have to depend on 
other sources, which are relatively less safe because the well and open sources of 
drinking water are not properly maintained. 

Blood culture and Typhoid positive cases 
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  Fig. 9.6    Blood culture and typhoid positive cases ( Source : Regmi et al.  2008 )       

   Table 9.1    Water quality indicators of different sources in Kathmandu Valley in 2005   

 Parameter 

 Water sources 

 WHO GV  Pr_Tap  Pu_Tap  Well  S. spout 

 pH  6.5–8.2  6.5–7.5  7.5  7.5  6.5–8.5 
 Iron (mg/l)  ND-0.2  0.2  0.2  0.3  0.3 -3 
 Chlorine mg/l  ND  ND  ND  ND  0.2 
 Chloride mg/l  10–30  22–45  26–27  23–45  250 
 N-NH4 (mg/l)  ND-0.2  0.2  0.2  0.2  0.04-0.4 
 PO4 – P (mg/l)  0.1  0.1  0.1  0.1  0.4–5.0 
 Coliform bacteria (source)  +/−  +  +  +  – 
 Coliform bacteria (consumption point)  +  – 
  E. coli  cfu/100 ml  10–131  3–20  48–200  58  0 

  Pr_Tap  private tap , Pr_Tap  public tap , S. spout  stone spout , WHO GV  World Health Organization 
Guideline Value  ( Source : Regmi et al.  2008 )  
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 Sanitation conditions can be explained in terms of households’ access to toilets 
and sewerage (Pradhan  2004 ). According to the government sources, more than 
10 % of households in Kathmandu still do not have access to toilets. People in the 
area usually defecate in open fi elds, river banks, around ponds and lakes, or in the 
jungle, the waste eventually mixing with water sources such as rivers, ponds, and 
lakes (Pradhan  2001 ,  2003 ). This becomes a serious health risk, particularly during 
the rainy season. 

 In addition, the focus group discussion with policy makers revealed that the poor 
water drainage system in Kathmandu makes the contamination of water more 
severe. The respondents in the focus group discussions indicated that about 25 % of 
the houses in Kathmandu often get fl ooded due to inadequate drainage. Kathmandu’s 
existing drains and sewers are designed as either separate or combined systems. A 
combined storm water and sewer system, which is 50–70 years old, exists in the 
core area, which directly discharges into the Bagmati River (Fig.  9.7 ).

   According to the Kathmandu municipality authority, around 17 % of households 
are being served by the existing system and about 60 % of the depth of the old sew-
ers is still clogged with settled sludge and other debris, lowering the capacity to 
40 % (Personal communication with municipal authorities, 2012). The fl ow from 
these sewers gets discharged directly into the river during the dry season. This con-
stitutes a serious health hazard, as people are culturally inclined to use river water 
as holy water which includes use for ritual, bathing, and even drinking. 

 The results of this case study indicate that with increasing variability in tempera-
ture and rainfall and the lack of proper infrastructure for drinking water and drain-
age systems, health problems in urban areas like Kathmandu will worsen in future. 

  Fig. 9.7    Extent of inadequate drainage in Kathmandu Valley as at 2010 ( Source : Kathmandu 
Municipality  2010 )       
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The fi ndings with regard to temperature reported in this paper are consistent with 
research carried out by Bentham and Langford ( 1995 ,  2001 ), D’Souza et al. ( 2004 ), 
and Kovats et al. ( 2004 ) on the impact of increased temperature and precipitation on 
typhoid prevalence. These studies have demonstrated that temperature and precipi-
tation change have linear relationships with the occurrence of typhoid fever. 

 The study also looked at the association between rainfall variability and the out-
break of diseases such as typhoid. No other Nepalese studies have investigated the 
effects of rainfall variability on the occurrence of typhoid fever. This case study 
found that cases of typhoid fever are positively linked with up to 50 mm of weekly 
rainfall. When temperature, season, rainfall trend, and the 2002 typhoid outbreak 
are included in the multivariate statistical analysis, no association is evident. This 
demonstrates that, in Nepal, temperature has a much stronger relationship with 
typhoid. But more in-depth study is required to establish the association between 
rainfall and typhoid cases. 

 The data reported in this paper do not describe a cause and effect relationship of 
typhoid with temperature but merely demonstrate a positive relationship between 
increase in temperature and the number of typhoid cases, as typhoid is usually seen 
in the summer months of warmer temperatures. During warm temperatures, the 
growth of typhoid bacilli is favored drastically. It should also be noted that typhoid 
is not only a water-borne disease but also a food-borne disease. This study thus 
recommends a more detailed epidemiological study to better investigate the effects 
of climate factors on typhoid cases in Nepal. 

 In contrast with the magnitude of likely climate change impacts in urban areas, 
the municipal health planning response to such change in these areas is almost 
absent. In addition to increased temperate and greater variability in rainfall, urban 
populations are facing the problems of poor drainage and sewerage systems, a lack 
of clean drinking water, and poor health services. The municipalities of Kathmandu, 
Patan, and Bhaktapur have not yet identifi ed climate change as their priority agenda. 
Although a few private and nongovernment organizations are working in the cli-
mate change sector, their main focus is on pollution control. 

 The health response at the national level is also lacking. There is still limited 
knowledge, information, and awareness among health sector communities about the 
potential impacts of climate change on human health, as climate change is one of 
several local issues. Climate change seems to be a low priority of the Ministry of 
Health and Population and a low priority locally. Very few initiatives are carried out 
at the national level to investigate health impacts and issues resulting from climate 
change. Although the National Adaptation Programme of Action (NAPA), formu-
lated in 2010, has identifi ed health as a major consideration in climate change 
responses, government action is almost nonexistent. According to health profes-
sionals interviewed, since the NAPA, there has been almost negligible research and 
development support from the government and other concerned agencies. 

 According to the majority of the national-level policy makers and practitioners, 
the health sector is lagging behind in terms of research and development because it 
is a low priority of government. It was also revealed during the interviews with 
policy makers that the support from development agencies and NGOs was also not 
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very satisfactory. According to Dhimal ( 2008 ), there are a lot of challenges such as 
limited resources and capacity in conducting research on climate change and health 
in vulnerable, mountainous countries like Nepal.  

9.3.2     Case Study Two: Health Risks and Hazards 
Due to Variability in Temperature and Rainfall 
in Rural Areas of Nepal 

 The second case study examined the incidence of health-related risks and hazards in 
Bangesaal and Dhungegadi of Pyuthan district, particularly investigating how vari-
ability in temperature and rainfall has impacted the health and well-being of house-
holds and communities in the rural areas of Nepal. 

 Analysis of the temperature and rainfall trends in Pyuthan district showed that 
temperatures are increasing and there is great variation in the rainfall pattern. There 
was an increase in the mean annual maximum temperature trend from 1975 to 
2005 in the study area. The mean annual maximum temperature increased at a rate 
of 0.055 °C between 1997 and 2005. Analysis of the annual total precipitation 
between 1975 and 2005 showed a decreasing trend in rainfall by 2.03 mm per year, 
and there was a decreasing trend in precipitation during the monsoon season in the 
same time period by 2.0 mm per year (Fig.  9.8 ).

   The impact of increasing temperature and variability in rainfall on households is 
signifi cant. Climate-induced disasters (fl oods and landslides) have taken the lives of 
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rural people and devastated their livelihoods. The trend of disaster frequency has 
increased in recent years, with a greater number of casualties and properties lost 
(MoHA  2009 ). Taken from databases on casualties and human losses at the study 
sites, the data in Table  9.2  above show the impact of climate-induced disasters. The 
death toll in Pyuthan district is comparatively higher. The fi eld data shows that 
Bangesaal VDC has lost more people through disasters compared with Dhungegadi 
VDC (Table  9.2 ). This signifi es that the extreme disaster and impact case in the rural 
area of Nepal is severe. There are some limitations to these data, as many of the 
losses are not reported and often not documented. The death tolls and number of 
casualties are more severe at the local level compared to those reported in the 
national data sources.

   A vulnerability assessment carried out in Dhungegadi by the Livelihoods and 
Forestry Programme of the Pyuthan district showed that more than 200 households 
(out of 753) were directly impacted by fi re, drought, and landslide problems during 
the period 1999–2009. In the Bangesaal VDC of Pyuthan, in ward number 5, an 
outbreak of water-borne diseases (cholera and diarrhea) in 2008/2009 took the lives 
of two villagers. This happened during an extreme fl ooding season (Rupantaran 
 2012 ). A timeline analysis of the disaster trends in Dhungegadi also showed that 
this is increasing and the impact of disasters has been severe (Table  9.3 ).

   The data on casualties presented in Table  9.3  were not properly refl ected in 
national databases and disaster reports, masking the real urgency needed to address 
the situation at the local level. In countries like Nepal, central planning depends on 
relief and rehabilitation efforts that are based on data from the national database of 
vulnerability. In Nepal, where there are no government systems of systematic data 
recording at the village level, this might therefore dilute the apparent seriousness of 
the situation and render it invisible in national scenarios. 

 The impact of climate-induced disasters on human health is projected to be sig-
nifi cant at the national level in Nepal and internationally. Some of the national 
reports have highlighted examples of major health-related disaster outbreaks in 
Nepal, leading to injuries, loss of lives, and displacement of people (NCVST  2009 ). 
Outbreaks of water-borne diseases are common during the monsoon period. While 

    Table 9.2    Figures from disaster databases on the research and case study sites   

 VDCs 

 1999–2004 (casualties in 
numbers) 

 2005–2010 (casualties in 
numbers) 

 Death  Injured/lost  Death  Injured/lost 

 15  44  13  143 

 Dhungegadi Village 
Development Committee-VDC 

 1  9  8  15 

 Bangesaal Village 
Development Committee-VDC 

 4  16  3  22 

   Source: Ministry of Home Affairs, Ministry of Environment report and databases  (MoHA  1999 –
2010; MoHA and DPNet  2009 ; NHDR  2009 ; MoE  2010 ; MoHA and DPNet  2010a ,  b )  
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there are many factors contributing to such disease outbreaks, increasing tempera-
ture and variability in rainfall is one contributor (Regmi et al.  2008 ). 

 The fi ndings of this study support that of previous studies. The interviews with 
communities in the Bangesaal and Dhungegadi VDCs of Pyuthan district revealed 
that there was a higher degree of uncertainty in terms of projection of the impacts of 
climate change on human health. More than two-thirds of the respondents (78.6 %) 
felt that climate change had an impact on human health to some level. A health 
professional from the Dhungegadi VDC revealed an increasing trend in disease out-
breaks and in the number of ill patients, stating that “The children and elderly peo-
ple visit the health post with illnesses of cholera, diarrhea, coughs and cold during 
extreme weather events such as heavy rain, chilly days and extremely hot days.” He 
further added that “interestingly in the cold season we are experiencing malaria and 
diarrhea which is unusual given the history of disease prevalence in our village.” 

 Although the number of malaria cases is said to be low in the far-Western region, 
the regional and district health data show that the disease is still a major threat to the 
health of the population in the region. Malaria cases have been slightly increasing in 
recent years, mostly in the higher altitudes where it had not previously been 
observed. For example, the Dhungegadi VDC, which is at an elevation of 1000 m, 
reported that malaria had infected households since 2002. The perception of house-
holds also matches the secondary data. The majority of the households interviewed 
said that the impact of climate change on health is signifi cant. During the focus 
group discussion, communities revealed that they are now facing issues with 

    Table 9.3    Historical timeline analysis of disaster trends in Dhugegadi (2007–2010)   

 Year  Major climate disasters  Impact on communities 

 2010  Drought, landslides, outbreak of 
diseases, extreme wind 

 1 person died due to diarrhea – a total 
of 46 households were affected 
 11 livestock were lost due to outbreak of 
disease 

 2009  Disease in paddies, drought, 
landslides, and extreme wind 

 Agricultural land was lost and production 
declined – a total of 5 households were 
impacted 
 69 livestock died due to disease outbreak 
in 20 poor families 
 13 houses were damaged by fi re outbreak 

 2008  Drought, fi re outbreaks, diseases in 
livestock, landslides, and hailstones 

 11 households were directly impacted due 
to drying up of local water sources 
 Agricultural land was damaged 
 Fire damaged 6 houses 

 2007  Drought, fi re outbreaks, diseases in 
livestock 

 57 ropani of land were left barren due to drying 
up of local spring 
 18 houses were destroyed due to fi re outbreak 
 150 livestock died due to disease outbreak 
 Wheat production declined due to lack of water 

   Source : Authors’ fi eld survey (2012)  
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 mosquitoes that they had not experienced 5 years ago. In the interview with health 
professionals of Pyuthan district, it was also reported that malaria and Japanese 
encephalitis are the two most common vector-borne diseases, with an increasing 
number of cases in the district, both of which are transmitted by the mosquito 
vector. 

 While the district and regional health data on malaria and other vector-borne 
diseases do not show a signifi cant increasing trend, the health assistant of Dhungegadi 
VDC reported that the number of patients consulting the health post about malaria 
cases and other diarrheal diseases has signifi cantly increased in recent years. 
Likewise, the respondent from the district health offi ce stated that, although the 
hospital records do not indicate a signifi cant increase in the incidence of malaria, 
such vector-borne diseases may increase their impact through expansion to new 
regions. This information was validated by some of the interview respondents, who 
noted that the summer diseases are now prevalent in winter. 

 The spread of vector-borne disease is also supported by recent national evidence 
which indicates a migration of the  Anopheles fl uviatilis  malaria vector above eleva-
tions of 1500 m (Gautam and Dhimal  2009 ). Malaria is now endemic in 65 districts 
of Nepal. Incidence of the disease decreased abruptly after a malaria eradication 
program in 1958. Later, in 1978, the name of the program was changed to the 
malaria control program. The most common species of malaria parasite occurring in 
Nepal is  Plasmodium vivax.  Another, more virulent species is  P. falciparum . The 
observed increasing trend of this parasite may be due to climate change. Central 
Nepal has recorded the highest number of malaria-positive cases, whereas mid- 
Western Nepal had the least number of reported cases in between 1978 and 2009. 
Central Nepal has more average annual rainfall compared to the mid-western region. 
Malaria-positive cases are usually at a maximum during wet summers (Regmi et al. 
 2008 ; Badu  2013 ). 

 In addition to the outbreaks and increasing trends of climate-related diseases, it 
was found that households and communities are undergoing massive physical and 
mental stresses due to the impact of climate-related disasters. A variety of health 
issues induced by climate change were reported by household respondents and 
health professionals in Pyuthan district. According to the majority of households 
(92 %), post-disaster recovery is diffi cult, as residents are mentally shocked due to 
the loss of loved ones and property. For example, mental illness among two of the 
parents was recorded after the fl ooding in Bangesaal VDC in 2009 which killed 
their family members. 

 Among other issues, malnutrition is common among children and elderly in the 
study VDCs. The health professionals reported an increasing trend of cases of mal-
nutrition in children and the elderly in 2012 over previous years (2005–2011), 
attributed to a lack of proper diet and food. According to the households, the extreme 
weather events, mostly the variability in rainfall, made cropping more uncertain and 
risky. The agricultural lands were also impacted due to drought, landslides, and 
fl ooding. Communities in Bangesaal VDC reported that more than 30 % of their 
productive agricultural land is being made unproductive due to extreme climatic 
events. The anecdotal evidence presented here, however, suggests that the 
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 relationship between production, nutrition, and climate change impacts needs to be 
researched in future. 

 Low production has implications for the food security situation in the studied 
VDC. Only 21 % of households in Dhungegadi VDC have food suffi ciency, while 
the remaining 79 % have to struggle. There is not much difference in the food suf-
fi ciency status between the two VDCs. However, in the case of Dhungegadi VDC, 
the data generated from the household survey shows an average of 1 month less 
food suffi ciency (7 months) compared to the VDC profi le the government prepared 
in 2009, which indicates an average food suffi ciency of 8 months/year. The govern-
ment VDC survey data also shows that 28.4 % of the total population has suffi cient 
food for the whole year (DDC-Pyuthan  2008 ). Likewise, according to the national 
census data, 15.7 % do not have adequate food to eat (CBS  2011 ). This implies that 
climate change will have a signifi cant impact on the health and nutrition of the rural 
population in coming years. 

 At the local and district level, in comparison with the severity of the impact, cop-
ing and adaptation strategies for health seem to be lacking. Analysis of the local 
coping strategies in Dhungegadi and Bangesaal VDC shows that at the time of data 
collection, there was a lack of direct action on dealing with health-related issues. 
Most of the local practices (more than 80 %) made use of infrastructure, such as 
constructing drinking water facilities and building check dams (Table  9.4 ). However, 
89.1 % of respondents in both the VDCs perceived that the existing adaptation 
options – the traditional practices – were ineffective, and they felt unable to address 
the climate risks and impacts because they lacked information, knowledge, and 
technology.

   The interaction with local health professionals revealed that health workers in 
the district and local health posts were not aware of climate change. Many of the 
interviewed respondents said that they had not received any kind of capacity build-
ing and resource support from the center to address issues of climate change. As 
local priorities are immediate and empirical, the lack of support had negative impli-
cations for the response measures at the local level. The local and district health 

  Table 9.4    Local coping and 
adaptation practices in 
Dhungegadi and Bangesaal 
VDCs  

 Local coping practices 

 % of 
respondents 
( n  = 128) 

 Plantation of broom grasses in 
landslide-prone areas 

 20 

 Effi cient water management  23 
 Forest plantation activities  22 
 Use of local irrigation practices  12 
 Use of bioengineering practices  17 
 Others (agriculture and land-use 
management) 

 6 

   Source : Authors’ fi eld survey (2012)  
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infrastructure and human resources also seem to be inadequate. For example, there 
was only one health worker to provide services to an average of 3000 households 
residing in a VDC. The district health service was also in a poor condition, with an 
insuffi cient number of health workers and doctors to address the service demand. 

 The NAPA document mentions that because of the poor state of health services 
in Nepal, public health will indeed be at serious risk from the impacts of climate 
change (GoN  2010 , p.13). The current study also found that access to health ser-
vices is very limited in the study area. The district report of 2010 indicated that only 
18 % of the population can access health post facilities within 30 min distance. The 
remaining 82 % of the population need to travel more than 1 h to reach the nearest 
health post. Many VDCs did not even have a health post, so households had to travel 
hours to access services (DDC-Pyuthan  2010 ). Improvement in health-related infra-
structure and services will be crucial for increasing the resilience of communities to 
climate change.   

9.4     Ways Forward 

 Climate change impacts on human health are likely to be severe in Nepal. The two 
case studies discussed in this chapter provide some evidence that temperature 
increase and rainfall variability can have adverse consequences for public health in 
both urban and rural areas of Nepal. Extreme changes in temperature and rainfall 
will very likely lead to a deterioration of the health conditions of households in the 
future. The fi ndings of the case studies analyzed in this chapter indicate that water- 
borne diseases like typhoid and other climate-sensitive diseases (e.g., malaria) and 
natural hazards have increased in Nepal. However, the local and national coping and 
adaptation strategies in Nepal’s health sector are lacking; this sector has not yet 
responded suffi ciently to the challenges posed by climate change to the well-being 
of communities and households. The lack of timely action to date has made com-
munities’ health and well-being more vulnerable to climate-induced risks and 
disasters. 

 As there is limited information and knowledge on climate change at the national 
and local level, projection of the prevalence of climate-induced diseases is diffi cult 
and challenging. Climatic factors are one among many factors that contribute to the 
occurrence of disease and its spread. It was found from the case studies that besides 
climatic factors, poor hygiene and sanitation, lack of awareness, and poor access to 
support and health services contribute to an increasing risk and vulnerability of 
households to diseases and health hazards. The other associated factors that increase 
vulnerability of households to health hazards are important and need to be con-
trolled for in trying to discern climate change effects. This implies that climate 
change and health should be dealt with in an integrated manner in order to build 
effective adaptation responses both at the local and national level. 

 The existing policy and actions in dealing with climate change issues in Nepal’s 
health sector are inadequate. Even after 4 years of NAPA preparation, there is no 

B.R. Regmi et al.



149

project or national initiative focused on addressing public health issues identifi ed in 
the NAPA. The health sector should have a strategic focus, program, and policy to 
combat the negative health impacts of climate change. An integrated approach and 
long-term National Adaptation Plan (NAP) in the health sector must be adopted for 
health planning and research in different climatic regions in the country. 

 It is necessary to take both a curative and preventative approach to deal with dis-
eases and health hazards attributed to issues of climate change. More research is 
needed on epidemiological forecasting and early warning systems for both water- and 
vector-borne diseases in Nepal. The authors also recommend promoting action in the 
form of public education programs and other polices for particularly vulnerable 
groups. In the longer term, new policies may be needed in anticipation of additional 
cases of disease due to climate change. The NAPA and the Interim Three-Year Plan 
(2010–2013) have also identifi ed various priorities that include strengthening the 
health system, awareness and capacity building, and the conduct of research on cli-
mate change and health for evidence-based planning. These priorities must be inte-
grated with both short-term and long-term policies and plans in the health sector.  

9.5     Conclusion 

 This study shows that climate-related diseases and other health-related hazards are 
increasing within the country of Nepal, and there is an association between these 
increasing trends of water-borne diseases like typhoid due to variability in tempera-
ture and rainfall. Water-borne diseases such as typhoid are expected to increase in 
prevalence and severity with changes in temperature and rainfall. Health-related 
hazards that lead to loss of life and damage to household infrastructure are placing 
the health of families at high risk. Consequently, this study has implications for 
future research work. As the study only found positive associations between cli-
matic factors and the diseases, more detailed epidemiological study is necessary to 
better investigate the effects of climate factors on other disease in Nepal. 

 In contrast with the likely future severity of climate change variability and 
impacts, this study found that coping and adaptation strategies at the local and 
national level are inadequate. The adaptation policies, strategies, and response mea-
sures in the health sector are insuffi cient to deal with the impacts of climate change. 
The lack of response measures has resulted in an increased risk and vulnerability of 
poor and marginalized communities living in both rural and urban areas of Nepal. 
In addition, there was found to be a lack of systematic information and knowledge 
on climate change impacts in the health sector. There is also a lack of access to 
adequate health services and infrastructure to deal with climate change issues at 
both local and national levels. This has made health professionals and related insti-
tutions reluctant to take necessary measures to deal with climate change. 

 There is an urgent need to devise and implement integrated policies and strate-
gies for better health planning and research in Nepal. These case studies indicate the 
need for the establishment of a separate research and development department or 
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council for generating information and knowledge on the links between climate 
change and public health. The government and donor agencies in Nepal also need 
to invest in capacity building of health professionals and research and academic 
institutions in light of the changing disease and health risk scenarios associated with 
climate change. This can be achieved if the Ministry of Health formulates and 
implements a NAP for the health sector in Nepal.  

9.6     Limitations of the Study 

 This research focused on two case studies conducted in Nepal with reference to a 
limited time frame of data collection, and hence any projections that can be made 
regarding future trends are also limited. The data for the case study on typhoid cov-
ers only a few years of close study between reported cases in Patan Hospital from 
2000–2005. Due to restrictions on time and resources for collecting data, the data 
series used for the analysis has an end date of 2005. Indications from our analyses 
of these data that certain disease trends increase with variability in climatic factors 
does, however, highlight the need to carry out more in-depth studies to clearly estab-
lish the relationship between climate change and diseases in Nepal.     
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    Chapter 10   
 Climate Change and Its Vulnerability 
for the Elderly in India       

       S.     Siva Raju      and     Smita     Bammidi   

    Abstract     It is amply clear that the two major global drivers of change in the twenty- 
fi rst century – global warming and population aging – will have points of both con-
vergence and confl ict. From the experiences of the developed countries that have 
experienced them fi rst, we have realized that these phenomena will operate within 
different frameworks and need to be addressed at various levels, magnitudes, densi-
ties, structures, and functions. In the Southeast Asian countries, capital cities like 
Mumbai have populations above fi ve million and are still growing. Urbanization in 
Asia is happening at a much higher rate (1.31 % annual average growth rate) than 
the world average (0.83 % annual average growth rate). Moreover, urbanization and 
globalization are two processes that catalyzed climate change and brought in further 
social complications besides the phenomenon of population aging. A large number 
of elderly now inhabit cities, while their fi nancial and social supports are dwindling. 
They would soon face serious implications due to the rising rate of urbanization, 
their growing proximity to the coast that increases their vulnerability to weather/
climate risks, and the solutions to which are energy driven (automobiles, elevators, 
air-conditioning). As climate change poses health, social, and economic risks for the 
elderly, the discussion on population aging vis-à-vis climate change will focus on 
ensuring and promoting health and quality of life of the elderly by modifying their 
built or external environments along with taking up psychosocial interventions. It is 
thus essential that the governments be open to respond fl exibly to these synchronous 
challenges. In order to gain an understanding about the effects of climate change on 
the elderly in context of their rising numbers and urbanization, to identify/map the 
risks or costs involved, to identify possible interventions, to discuss policy support, 
and to estimate the opportunities and challenges that may arise, efforts for generat-
ing knowledge through research in this emerging fi eld are imminent. Following this 
vein, the current paper contextualizes Mumbai City located in India and its older 
population, in an attempt to understand the possible impacts of climate change on 
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them. It also cites few ways of infl uencing policy making through their inclusion in 
the discussion and evolving strategies that will come to aid.  

  Keywords     Global climate change   •   Population aging   •   Urbanization   •   Vulnerability   
•   Health impacts   •   Regional variation   •   Indian context   •   Mumbai City   •   Policy 
inclusion  

10.1       Background 

 During the twentieth century, the world’s population grew almost fourfold, and in 
the year 2008, it crossed a landmark where more than half of the human population, 
i.e., about 3.3 billion, became urbanized. It is expected that by 2030, almost fi ve 
billion people will reside in the urban areas. At the global level, all future population 
growth is expected to happen in towns and cities, especially in the developing coun-
tries. Estimates suggest that about 80 % of the urban dwellers in the world will 
reside in cities of the developing world, particularly in Asia and sub-Saharan Africa, 
by 2030. Urban growth now stems more from natural increase (more births than 
deaths) rather than migration. This is also termed as the “second wave” of urbaniza-
tion, the fi rst having occurred in Europe and North America in the early eighteenth 
century. The difference between the two waves is that of its scale. In the fi rst wave, 
urban population increased from 15 to 423 million between 1750 and 1950. In the 
second wave, it is expected to have an unprecedented increase from 309 million to 
3.9 billion between 1950 and 2030 in the developing world (State of the World 
Population  2007 ). 

 The increase in the world’s population coupled with urbanization as mentioned 
above gave rise to a 12-fold increase in global emissions of carbon dioxide (Haines 
et al.  2006 , p. 2107) primarily due to fossil fuel use and land use change. Similarly, 
the rise in methane and nitrous oxide within the atmosphere has been the result of 
increased agricultural production (Intergovernmental Panel on Climate Change 
 2007 , p. 2). The rise in carbon dioxide levels is from approximately 280 parts per 
million in the 800 years prior to the industrial era to 386 parts per million in 2009 
(Commonwealth Scientifi c and Industrial Research Organization  2011 ). As a direct 
consequence of these increases in what are now commonly referred to as “green-
house gas” emissions, average global air and ocean temperatures have risen. Climate 
change is defi ned as a change in the state of the climate that can be identifi ed by 
changes in the mean and/or the variability of its properties and that persists for an 
extended period, typically decades or longer (Intergovernmental Panel on Climate 
Change  2007 ). Climate change is nothing new. Historically the earth’s climate has 
encompassed variation in temperature and carbon dioxide concentrations; however, 
there is now signifi cant evidence that recent changes in climatic conditions are 
occurring much more rapidly. This accelerated warming of global temperatures is 
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also directly attributed to human activity (Intergovernmental Panel on Climate 
Change  2007 ; The Global Humanitarian Forum  2009 ; Commonwealth Scientifi c 
and Industrial Research Organization  2011 ).  

10.2     Major Consequences of Global Climate Change 

10.2.1     Vulnerability to Climate Change 

 The Intergovernmental Panel on Climate Change (IPCC) Third Assessment Report 
defi nes vulnerability to climate change as “a function of the character, magnitude 
and rate of climate variation to which a system is exposed, its sensitivity and its 
adaptive capacity” (Intergovernmental Panel on Climate Change  2001 ). Ionescu 
et al. ( 2006 ) observe that there are three important caveats in attempting to predict 
vulnerability that also emphasises the complexity of the exercise:

•    The direct effects of climate change will be different across locations.  
•   There are differences between regions, groups, and sectors in society which 

determine the relative importance of the direct effects of climate change.  
•   There are differences in the extent to which regions, groups, and sectors are able 

to prepare for, respond to, or otherwise address the effect of climate change (Fig. 
 10.1 ).

10.2.2           Global Warming and Its Effects 

 In addressing the impacts of global climate change, the Copenhagen Accord ( 2009 ) 
set the target of limiting global temperature increases to two degrees Celsius relative 
to pre-industrialized temperatures. However, even a two-degree increase in global 

Exposure Sensitivity

Potential Impacts Adaptive Capacity

Vulnerability

• Economic Wealth
• Technology and Infrastructure
• Information, Knowledge and
  Skills 
• Institutions
• Equity
• Social Capital

  Fig. 10.1    Conceptualizing vulnerability to climate change ( Source : Intergovernmental Panel on 
Climate Change, Third Assessment Report (2001))       
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temperatures will result in signifi cant impacts that are likely to disrupt ecological 
and social networks alike and such impacts will include:

•    Melting of the polar ice sheets resulting in sea-level rise  
•   Disruption to food supply and water resources  
•   Damage to physical infrastructure  
•   Increased public health risks  
•   Modifi ed global biogeochemical cycles, as well as oceanic and atmospheric cir-

culation patterns     

10.2.3     Direct and Indirect Impacts on Human Health 

 Direct impacts include injuries and death caused by extreme weather events such as 
fl ooding, bush fi re, and cyclones (Greenough et al.  2001 ). Haines et al. ( 2006 , 
pp. 2106) estimate that climate change may have been responsible for around 
150,000 deaths (0.3 % of global deaths per year) in 2000. The Global Humanitarian 
Forum ( 2009 ) estimates that approximately 300,000 deaths per year are caused by 
weather-related disasters and gradual environmental degradation due to climate 
change and that this fi gure will rise to 500,000 by 2030. Indirect impacts include 
changes in incidences of chronic disease and illness, resulting from changes in tem-
perature, food and water supply, pollution levels, as well as the habitat of vectors 
impacting disease transmission (Haines et al.  2006 ; Bernard and Ebi  2001 ). The 
literature points to the fact that many of these health impacts will particularly affect 
those with preexisting health conditions or weakened immune and metabolic resis-
tance as a result of age, meaning those who are very young and older will likely be 
more vulnerable (McMichael et al.  1996 ,  2006 ).  

10.2.4     Specifi c Health Impacts 

 It is important to highlight the defi nition provided by the World Health Organization 
(WHO) for “health” as being applied in this context, inferring “a state of complete 
physical, mental and social well-being and not merely the absence of disease or 
infi rmity” (WHO  2011 ). It is proposed that the various exposures attributed to cli-
mate change with the potential to cause a health impact could be categorized under 
fi ve broad themes (Bernard and Ebi  2001 ). 

 These are:

•    Temperature-related morbidity and mortality  
•   Impacts from extreme weather events  
•   Impacts on air quality  
•   Water- and food-borne diseases  
•   Vector-borne diseases     
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10.2.5     Psychological and Economic Impacts 

 Equally, the impact and cost of physiological trauma and stress linked to natural 
disasters as well as the economic uncertainty induced by climate change is now to 
be counted (Berry et al.  2008 ; Morressey and Reser  2007 ). About 325 million peo-
ple are currently seriously affected by climate change (projected increase to 660 
million people by 2030), and it causes economic losses of US$125 billion per year. 
The losses include asset values destroyed by weather-related disasters and sea-level 
rise, lost income due to reduced productivity, and the costs of reduced health or 
injury (Global Humanitarian Forum  2009 , p.19).  

10.2.6     Positive Impacts 

 While most of the literature focuses on the negative consequences, climate change 
has also brought about positive impacts in some regions and for some industries. 
For example, agriculture may benefi t from changed climatic conditions in terms of 
temperature, precipitation, plant disease, and pests. This is particularly true for 
countries further south and north of the equator that are receiving more rainfall and 
experiencing longer growing seasons and improved productivity (Cairns  2010 ). In 
the agricultural sector, changes in climate will also give rise to new technologies 
and genetically modifi ed plants to improve the resilience (Commonwealth Scientifi c 
and Industrial Research Organization  2011 ).  

10.2.7     Geographical Vulnerability 

 Though the magnitude of these impacts continues to be debated, there is general 
agreement that low-lying and island nations, as well as those located closer to the 
equator where temperatures are already hotter, will be most affected by climate 
change and that the effects will be compounded if the nation’s economy and sup-
portive infrastructure is poorly resourced and less able to cope with the fi scal and 
social consequences. But what also needs to be highlighted is that many of the 
world’s largest cities (and therefore concentrations of economic activity and pro-
duction) are located in coastal areas, historically linked to seaport development, will 
therefore also be vulnerable to sea-level rise and storm surge, and represent unprec-
edented risk to livelihood, property, and urban infrastructure (Organization for 
Economic Cooperation and Development  2009 , p.17). The consequences of these 
impacts are starting to be felt around the globe.   
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10.3     Why Are Cities Important in the Climate Change 
Debate? 

 Not only is population growth the signifi cant factor in generating primary energy 
demand, but so too is where and how the world’s population will be living 
(Organization for Economic Cooperation and Development  2008 ). Recent analysis 
by the International Energy Agency (IEA) estimated that between 60 and 80 % of 
the world’s energy use currently emanates from cities and urbanized areas (IEA 
 2010 ), refl ecting the fact that 50 % of the world’s population now reside in these 
environments, coupled with a corresponding concentration of economic activity and 
production within cities. By 2050 the Organization for Economic Cooperation and 
Development (OECD) forecasts, based on the current trend of urbanization particu-
larly in the developing economies, that this percentage will increase to 70 %, while 
in developed economies 86% of the population will be living in cities. In terms of 
climate change, continued urbanization (again predominately within the developing 
economies) will increasingly shift the world’s reliance from CO 2  neutral energy 
sources (biomass and waste) to CO 2  intensive energy sources, leading to continued 
growth in greenhouse emissions from cities (OECD  2009 ).  

10.4     Aging Population and Impact of Climate Change 

 At the same time that the world is experiencing the impacts of climate change, its 
population is also aging. The percentage of the elderly within the demographic pro-
fi le is increasing as overall fertility and mortality rates decline and life expectancy 
signifi cantly increases (Gavrilov and Heuveline  2003 , p. 32). Among the countries 
currently classifi ed by the United Nations as more developed (with a total popula-
tion of 1.2 billion in 2005), the overall median age rose from 29.0 in 1950 to 37.3 in 
2000 and is forecasted to rise to 45.5 by 2050. The corresponding fi gures for the 
world as a whole are 23.9 in 1950, 26.8 in 2000, and 37.8 in 2050. The Oxford 
Institute of Population Ageing ( 2016 ), however, concluded that population aging 
has slowed considerably in Europe and will have the greatest future impact in Asia. 
In Japan, one of the world’s most quickly aging countries, in 1950 there were 9.3 
people under 20 for every person over 65. By 2025 this ratio is forecasted to be 0.59 
people under 20 for every person over 65. Because many developing countries are 
going through faster fertility transitions, they will experience even faster population 
aging than the currently developed countries in the future without being adequately 
prepared to address the challenges that may arise. While population aging must be 
viewed as “a mark of tremendous social achievement and a milestone of human 
progress” (Zelenev  2008 , p. 1), brought about through advances in medicine, 
improvements in living, work conditions, and lifestyle, it will have considerable 
social and economic impacts. The potential vulnerability of an aging society to cli-
mate change is far greater and the implication this will have for the climate change 
policy can be juxtaposed for possible actions. 
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10.4.1     Magnitude of the Shift in Demographic Profi le 

 Globally by 2050, the United Nations predicts that 20 % of the population or one in 
every fi ve persons will be aged 60 or older, with the percentage of the “oldest of the 
old” (85 and above) expected to almost double. More staggering is the prediction 
that the number of persons reaching 100 years of age or older is to increase 14-fold 
over this same period. There is however signifi cant variation in the pace at which 
population aging is occurring around the world and in the challenges faced by indi-
vidual nations as a consequence. As a broad generalization, those nations with 
developed economies have already started to experience population aging (United 
Nations  2011 ). Asia with 1.5 billion people living in cities has the largest urban 
population in the world. Out of the 75 million born every year the world over, six 
countries from Asia and Africa – Bangladesh, China, India, Indonesia, Nigeria, and 
Pakistan – are accounting for almost half of them (United Nations Human 
Settlements Programme (UN-HABITAT  2006 ). There are serious implications of 
such massive populations for these cities, as higher rates of urbanization and their 
proximity to the coast also enhances their vulnerability to weather/climate risks 
such as sea-level increases, storm surges, and fl oods. Asia’s densely populated 
megacities and other low-lying coastal urban areas are described in the 
Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report 
(AR4) as “key societal hot spots of coastal vulnerability” with millions of people at 
risk. Mumbai is one of the largest megacities in the world in terms of its population 
and is currently ranked 4th after Tokyo, Mexico City, and New York (UN-HABITAT 
 2006 ). According to the 2011 Census, 121 million persons (9 % of total population) 
were above 60 years in India and 9.9 million persons in Maharashtra are enumerated 
to be above 60 years of age (Census of India  2011 ). Of them, 4.7 million are men 
and the remaining 5.2 million are women, with nearly half of them residing in urban 
areas. As the statistics depict, nearly one in ten elderly in the country resides in 
Maharashtra. Further, in terms of the population composition of the state, over 10 % 
is comprised of persons aged 60 and above, which is higher than the national aver-
age of 8.5 %. Similarly, the proportion of the elderly in the age group 80 and above 
(oldest-old) in Maharashtra is higher than the national average (Building Knowledge 
Base on Population Ageing in India Study  2013 ). Therefore, it is critical for the city 
to assess the vulnerabilities and devise adaptation and mitigation mechanisms to 
cope with future climate risks for its elderly.  

10.4.2     Diversity in Issues Faced and Propensity for Climate 
Change Risks 

 The status of aging in India in coming paragraphs refl ects the issues pertaining to 
socioeconomic and demographic profi les, living arrangements, and services espe-
cially of the urban elderly. 
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10.4.2.1     Poverty 

 The Ministry of Social Justice and Empowerment, Government of India (1999), in 
its document on the National Policy for Older Persons, has relied on the fi gure of 
33 % of the general population below poverty line and has concluded that one-third 
of the population in the 60 plus age group is also below that level. Though this fi gure 
may be understated from the older people’s point of view, even at this estimate, the 
number of poor elderly comes to about 23 million. Vulnerable groups like the dis-
abled, fragile elderly and those who work outside the organized sector like landless 
agricultural workers; small and marginal farmers; artisans in the informal sector; 
unskilled laborers on daily, casual, or contract basis; migrant laborers, informal self- 
employed or wage workers in the urban sector; and domestic workers deserve men-
tion here.  

10.4.2.2     Health Conditions 

 It is obvious that people become more and more susceptible to chronic diseases, 
physical disabilities, and mental incapacities in their old age. Regarding the health 
problems of the elderly of different socioeconomic statuses, it was found (Siva Raju 
 2002 ) that while the older poor largely describe their health problems on the basis 
of easily identifi able symptoms, like chest pain, shortness of breath, prolonged 
cough, breathlessness/asthma, eye problems, diffi culty in movements, tiredness, 
and teeth problems, those from upper class, in view of their greater knowledge of 
illnesses, mentioned blood pressure, heart attacks, and diabetes which are largely 
diagnosed through clinical examination. In a study by Mutharayappa and Bhat 
( 2008 ), NFHS-2 data was analyzed to examine the type of lifestyle adopted by the 
elderly and its effects on their health conditions; it was found that lifestyle adversely 
affects health and increases the morbidity levels. Lifestyle habits such as alcohol 
consumption, smoking, and tobacco chewing have adverse effects on one’s ability 
to control diseases.  

10.4.2.3     Psychological Health 

 Psychological changes accompany the passing of years, slowness of thinking, 
impairment of memory, decrease in enthusiasm, increase in caution in all respects, 
and alteration of sleep patterns. Social pressure and inadequate resources create 
many dysfunctional features of old age. Further, it is well known that the incidence 
of mental illness is much higher among the elderly than among the young. The psy-
chological problems encountered by retired persons are much greater and the impact 
on the individual is entirely different as compared to those in the unorganized sec-
tors. Attitudes toward old age, degradation of status in the community, problems of 
isolation, loneliness, and the generation gap are the prominent thrust areas resulting 
in sociopsychological frustration among the elderly (Mohanty  1989 ).  
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10.4.2.4     Changing Values and Attitudes 

 Due to rapid social change resulting in breakdown of traditional family structures, 
the elderly may not receive adequate care and attention from their family members. 
This trend may be fast emerging partly due to the growth of “individualism” in 
modern industrial life and also due to the materialistic thinking among the younger 
generation. These changes lead to greater alienation and isolation and the value 
system, respect, honor, status, and authority, which they used to enjoy in traditional 
society, have gradually started declining, and in the process the elderly are rele-
gated to an insignifi cant place in our society (Gupta  2004 ). Though the younger 
generation takes care of their elders, in spite of several economic and social prob-
lems, it is their living conditions and the quality of care, which differs widely from 
society to society.  

10.4.2.5     Elder Abuse 

 A review of the few studies that focused on elder abuse indicates that the most likely 
victim of elder abuse is a female of very advanced age, role-less, functionally 
impaired, lonely, and living at home with someone primarily their adult child, 
spouse, or other relatives. Studies in India indicate (Rao  1995 ; Siva Raju  2002 ) that 
more women than men complain of maltreatment in terms of both physical and 
verbal abuse. The prevalent patterns of elder abuse include mainly psychological 
abuse in terms of verbal assaults, threats and fear of isolation, physical violence, and 
fi nancial exploitation. The health profi le of the elderly victims indicates that a per-
son suffering from physical or mental impairment and dependent on the caretakers 
for most of his or her daily needs is likely to be the victim of elder abuse. Though a 
large section of victims of elder abuse are less educated and have no income of their 
own, old people with high educational background and suffi cient income are also 
found to be subjected to abuse.  

10.4.2.6     Caregiving Needs 

 For social and familial relations of the elderly, there appears to be a steady change 
in caregiving from the traditionally secure joint family care of the elderly to extended 
family care in which care by adult children forms a major part. Scholars cite that if 
the present trend continues, there will likely be a decrease in elder care by adult 
children in the future, which will create more demand for old-age homes. India is at 
a crossroads and has to decide whether to go the family care way or the institutional/
community care way. Liebig and Rajan state that for a country like India, the State 
cannot enter as a major player in elder care in view of the high (prohibitive) cost to 
the exchequer and the low national priority to elder care. The need to develop mod-
els of home or family care may be supplemented by suitably adapting them to a 
variety of respite services while at the same time suitably adapting them to Indian 
conditions (Liebig and Rajan  2005 ).  
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10.4.2.7     Urban Poor Elderly 

 Due to industrialization and urbanization and the changing trends in the society, it 
is the urban elderly who are more likely to face the consequences of this transition 
as the infrastructure often cannot meet their needs. Lack of suitable housing forces 
people to live in slums which are characterized by poor physical condition, low 
income levels, high proportion of rural immigrants, high rates of unemployment and 
underemployment, and rising personal and social problems such as crime, alcohol-
ism, mental illness, etc., along with total or partial lack of public and community 
facilities such as drinking water, sanitation, planned streets, drainage systems, and 
access to affordable healthcare services. With the increasing prevalence of slum 
dwellers that come to urban areas in search of better opportunities, a signifi cant 
proportion of them would constitute the elderly.  

10.4.2.8     Feminization of Aging 

 Women are more likely to depend on others, given lower literacy and higher inci-
dence of widowhood among them (Gopal  2006 ). Hence, the greater vulnerability of 
women due to their extended life expectancy compared to men and hence higher 
incidence of widowhood indicates the need to have a special focus on gender-based 
policy implications and social security needs of women. 

 This clearly indicates their propensity to be affected due to climate change risks 
posed. Some important factors among the elderly that decide the risks to them due 
to climate change are:

•    Extent of urbanization and their location in a city with its unique set of features 
deciding the level of proneness to effects of climate change  

•   Age, gender composition, and diversity in terms of class, disability, experiences, 
education levels, current health, culture, religion, attitudes, and information 
among them  

•   Infrastructure of cities, their housing environments, facilities, and resource 
availability  

•   Policies, acts, fi nancial capacity of governments, and political conviction  
•   Health and mental health status, functionality, and active aging concepts  
•   Means of communication, sources of information, and social interaction    

 The diversity that has emerged in the aging process necessitates research efforts 
to focus on different aging issues in society that, in turn, is expected to promote 
development of effective age-related policies and programs.    
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10.5     Climate Change and Elderly: Contextualizing India 
and Mumbai City 

 In the forthcoming paragraphs, the paper provides the profi le of the city, specifi c 
climate change vulnerabilities, and an overview of the weather/climate risks and 
identifi es the physical, economic, and social vulnerabilities for local communities in 
Mumbai City. The paper briefl y reviews the current status of planning, policy, and 
implementation efforts to mitigate the identifi ed vulnerabilities in the city and cites 
some knowledge and research gaps in addressing them. There is scarcity of infor-
mation on the generic sensitivities of these impacts specifi cally for older people and 
hence there is no mode for reaching out to them differently. The concluding para-
graph identifi es the emerging concerns under climate change and aging that aca-
demia and policy makers may require to address seriously. 

10.5.1     Profi le of the Mumbai Metropolis 

 Mumbai (formerly known as Bombay) is located on the western seacoast of India 
on the Arabian Sea at 18053′ N to 19016′ N latitude and 720 E to 72059′ E longi-
tude. The map of Mumbai City, including the location of different administrative 
wards, is shown in Fig.  10.2 . Greater Mumbai Region (referred to as Mumbai in the 
text) consists of seven islands in the city area and four islands in the suburbs. 
Mumbai occupies an area of 468 km 2  (sq km) and its width is 17 km east to west and 
42 km north to south (MCGM  2007 ). The entire region encompasses rich natural 
heritage, such as hills, lakes, coastal water, forests, and mangroves alongside built 
areas. The coastline of Mumbai has been reclaimed for development purposes; e.g., 
areas like Cuffe Parade and Mahim Creek were wetlands, later reclaimed for resi-
dential and commercial uses. The Municipal Corporation of Greater Mumbai 
(MCGM) was the fi rst municipal corporation established in India in the year 1882. 
Since then, the civic body has been responsible for the provision of civic amenities, 
education, public health, art and culture, and heritage conservation in the city. 
MCGM holds the distinction of being one of the largest local governments in the 
Asian continent (MCGM  2007 ). The Mumbai Metropolitan Region Development 
Authority (MMRDA), set up in 1975, is responsible for planning and coordination 
of the development activities of this region. The total area of the MMR, excluding 
Mumbai City, is 3887 km 2 , with a population base of 5.90 million as per 2001 
Census (MMRDA  2007 ). These surrounding areas hold signifi cance for the econ-
omy and transportation in Mumbai, as thousands of people travel everyday from 
these areas into the city for employment.
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10.5.2        Physical Vulnerability 

•     The city is surrounded on three sides by the sea: Arabian Sea to the west, Harbor 
Bay in the west, and Thane Creek in the east. The height of the city is just 
10–15 m above the sea level. A large part of the city district and suburban district 
as well as new industrial, commercial, and residential settlements have devel-
oped along the reclaimed coastal areas that are low lying and fl ood prone.  

  Fig. 10.2    Map of Mumbai City ( Source :   http://www.mcgm.gov.in    )       
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•   Being a coastal city, Mumbai is prone to cyclones and gusty winds. There are a 
number of wards along the coast (Arabian Sea and Thane Creek) that are vulner-
able to cyclonic impacts (Govt. of Maharashtra  2007 ).  

•   Mumbai also plays host to around 900 industries that are involved in manufactur-
ing, processing, or storage of hazardous goods. The presence of such industries 
only enhances the vulnerability in case of extreme weather events. The major 
concentration of such industries is in the Chembur-Trombay belt (Wards M-West 
and M-East). The area has major chemical complexes, refi neries, fertilizer plans, 
atomic energy establishment, and thermal power plant.  

•   Mumbai, being on the seacoast, experiences a tropical savanna climate (MCGM 
 2003 ; MCGM, MPCB  2005 ) with a heavy southwest monsoon rainfall of more 
than 2100 mm a year, and relative humidity is quite high during this season. The 
fl ash fl oods that led to the complete disruption of normal life in Mumbai in July 
2005 were the result of an unprecedented rainfall of 944.2 mm on July 26th in 
the suburban district (Govt. of Maharashtra  2007 ). Many slum settlements also 
face the risk of landslides usually occurring during heavy rains with gusty winds.  

•   Mumbai falls in the seismic zone III that is the Moderate Damage Risk Zone.  
•   Mumbai, with a large population to cater to, requires basic infrastructure in the 

form of a large transport network. There has been a massive growth in the num-
ber of vehicles (more than 79 %) in recent years between 1991 and 2004. Among 
the total number of vehicles, the number of two wheelers and three wheelers has 
gone up by more than 100 % between 1995 and 2004, whereas the number of 
passenger cars during the same period has gone up by more than 62 % (Govt. of 
Maharashtra  2005 ).     

10.5.3     Economic and Social Vulnerabilities 

 Mumbai, being the fi nancial capital of the country with a large industrial and com-
mercial base, attracts a large workforce into the city. The growing population adds 
to the pressure on basic infrastructure, civic amenities, and housing, which without 
proper planning of land use and infrastructure development is not sustainable. It 
also leads to congestion, heavy vehicular traffi c, growth in illegal slum dwellings, 
unhygienic living conditions, and the problem of solid waste disposal. The increas-
ing climate risks lead to health problems, property loss, and disintegration of the 
social fi ber of the city.  

10.5.4     Mapping Climate Risks 

 Revi ( 2008 ) has reviewed the climate risks for Indian cities in general in order to 
highlight the importance of infrastructure investments and urban management and 
the need to connect these with the offi cial adaptation initiatives. There is a broad 
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consensus among the scientifi c community on the fi rst-order climate change impacts 
in India.

•    The cities will further face the new hazards in terms of  sea-level rise . A sea-level 
rise of 30–80 cm has also been projected over the century along India’s coast 
based on multiple climate change scenarios (Aggarwal and Lal  2001 ). Such sea- 
level rises, cyclones, and storm surges could have a devastating impact on a large 
urban center like Mumbai, which falls into a low elevation coastal zone (LECZ).  

•   There may be a general  increase in both mean minimum and maximum tempera-
tures by 2–40 °C  depending on the atmospheric GHG concentrations (Sharma 
et al.  2006 ). Further, a sea surface temperature rise of 2–40 °C is expected to 
induce a 10–20 % increase in cyclonic intensity.  

•   Simultaneously, there might be a decrease in total number of rainy days over 
much of India, along with an increase in heavy  rainfall days and frequency of 
such days  in the monsoon season. Mumbai may suffer from acute water short-
ages due to its heavy dependence on rainfall for water supply in future. Also, 
droughts might become more common in areas surrounding Mumbai, triggering 
migrations into the city (Rupa Kumar et al.  2006 ). A substantial increase in 
extreme precipitation (e.g., Mumbai fl oods 2005) is also expected over a large 
area of the west coast (including Mumbai) and Central India (Rupa Kumar et al. 
 2006 ).  

•   Another important climate risk for Indian cities, in particular Mumbai, is the 
 onset of waterborne diseases  (diarrhea, cholera, and typhoid) and vector-borne 
diseases (malaria and dengue). India in future (Bhattacharya et al.  2006 ) and the 
city of Mumbai with its large population will be at further risk.  

•   Vulnerability assessment undertaken by Sherbinin et al. ( 2007 ) further suggests 
that a “bundle” of stresses, such as Mumbai’s fl at topography, geology, wetlands 
and fl ood-prone areas, projected sea-level rise, building conditions including not 
meeting building codes, squatter settlements, fl ood-ravaged buildings, poor sani-
tation and waste treatment, and low incomes,  reducing the ability for disaster 
preparedness , will create an enhanced vulnerability for the city.     

10.5.5     Adapting to Vulnerability 

 In December 2005, in the aftermath of the unprecedented Mumbai fl oods, the 
Government of India enacted the Disaster Management Act, under which the 
National Disaster Management Authority and State Disaster Management 
Authorities have been created. The Act also seeks to constitute the Disaster Response 
Fund and Disaster Mitigation Fund at national, state, and district levels. In 
Maharashtra, the state government accordingly has prepared the Greater Mumbai 
Disaster Management Action Plan (DMAP) in 2007. Under this plan, the risks and 
vulnerabilities associated with fl oods, earthquakes, landslides, cyclones, etc., have 
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been identifi ed. The plan further envisages specifi c relief and mitigation measures 
for Mumbai:

•    Infrastructure improvements: The mitigation strategy seeks to improve the trans-
port, services, and housing infrastructure. These include improvements in road 
and rail networks, sanitation and sewer disposal system, storm water drainage 
systems, slum improvements, housing repairs, and retrofi tting programs.  

•   Contingency plan: This strategy includes plans to provide extra transportation if 
the major transport systems fail, transit camp arrangements, improvements in 
wireless communication and public information systems, and NGO volunteers’ 
assistance.  

•   Land use policies and planning: The Draft Regional Plan for Mumbai 
Metropolitan Region 1996–2011 provides a basic framework for the land use 
policies for the city. This plan includes strategies like protection of landfi ll sites, 
control on land reclamation, shifting of hazardous units from residential areas, 
and decongestion.    

 The DMAP looks comprehensive on paper, yet does not provide any specifi c 
time frame for achieving the mitigation measures. The experience of the city dwell-
ers in the aftermath of 2005 fl oods only shows that the city administration and other 
stakeholders would need more specifi c strategies and an integrated approach to 
build resilience of the city to climate risks. The Greater Mumbai Disaster 
Management Action Plan (DMAP) prepared by the Government of Maharashtra in 
2007 has also identifi ed the stakeholders in the government machinery such as the 
national, state, and district disaster management authorities, local authority 
(MCGM – specifi c to Mumbai), MCGM – storm water drainage department, early 
warning system, public health department, contingency plan, police and fi re brigade 
departments, NGOs and communities, and the specifi c tasks they need to perform as 
a part of the mitigation strategies. However, it does not provide any specifi c time 
frame for achieving the mitigation measures. No specifi c attention is given to adap-
tation strategies that may be more important in the short to medium term, and strate-
gies specifi c to different age, gender, and other cohorts are not provided, thus 
overlooking a main way to strategize measures.  

10.5.6     Impact for Elderly, Emerging Issues, and Need 
for Their Inclusion 

 For each of the climate risks mapped above, while every member of the society has 
the potential to suffer health and other impacts resulting from climate change, the 
elderly will be more sensitive and likely to suffer a greater degree of impact than any 
other age group. While physiological decline and the progression of chronic disease 
associated with aging are obvious causes of this increased sensitivity, there are other 
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contributing factors that can be bundled under the headings of psychosocial and 
economic risks during the later stage in their life course. There are benefi ts in rec-
ognizing the high degree of heterogeneity and commonalities that exists within the 
“senior” cohort. The reality is that there will be a signifi cant variation in the physi-
cal, cognitive, social, and fi nancial capacities of elderly and, as such, in the ability 
of an older person to maintain their independence and well-being. That being said, 
there is value in considering the range of non-pathological changes and physical as 
well as some cognitive and behavioral functions as these factors point to the types 
of sensitivities that older people, as a cohort, will have from the impacts of climate 
change and also their ability to cope and respond in the face of climate change. 
There is scarce information about the range of impacts for the elderly in Mumbai, 
taking into account their diversity. 

 Some emerging issues to take note are:

•    An older person’s sensitivity and risk of injury or loss increases in proportion to 
their level of physical and/or cognitive impairment, level of social isolation, and 
fi nancial dependency.  

•   Given preexisting health condition and level of physical and/or cognitive impair-
ment are major determinants of sensitivity to a range of environmental expo-
sures, supporting the elderly to maintain good health and be physically active is 
a key strategy in building resilience to and reducing vulnerability to climate 
change.  

•   The ability for the elderly to obtain assistance and conversely the surveillance 
can improve their level of preparedness including modifying behavior in response 
to a threat of an extreme weather event or environmental exposure. As such sup-
porting the elderly to remain socially engaged and active (avoiding becoming 
socially isolated) can signifi cantly reduce vulnerability to climate change.  

•   Creating “age-friendly” environments, which promotes positive aging and 
encourages the elderly to remain socially active, has the potential to deliver the 
added benefi t of also reducing the sensitivity of the elderly to the impacts of 
climate change and, as such, the overall vulnerability of the community to cli-
mate change.  

•   Adaptation of existing building stock for climate change and supporting aging in 
place present a more signifi cant issue within the Indian context.  

•   Older cohorts are more reliant on traditional modes of communication (tele-
phone, newspaper/print media, radio, and television). While this reliance will 
likely change with the entry of the Baby Boomer cohort into retirement, this 
needs to be considered when formulating strategies for early warning and infor-
mation about climatic-induced threats.    

 Ensuring that strategies are supportive of older people will successfully allow 
them to mitigate or adapt to climate change. Not only does this make fi scal sense, in 
helping older people to age in good health and to continue to contribute in a mean-
ingful way to society, but also it has another advantage, i.e., it has the potential to 
increase the capacity of the community as a whole to cope with the direct and 
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 indirect impacts of climate change. In other words, there is a strong cause for 
 considering climate change adaptation in parallel with strategies that take into con-
sideration the needs of the nation’s aging population.   

10.6     Knowledge and Research Gaps 

 The state government prepared a Disaster Management Action Plan for the city in 
the aftermath of the 2005 devastating fl oods and its shortcomings are cited in the 
above paragraph. Besides this plan, there are no visible mitigation and adaptation 
efforts currently underway in Mumbai that would target to reduce vulnerabilities to 
climate risks. In general, vulnerability reduction and adaptation to the adverse 
impacts of climate change is an important area for policy formulation at national, 
regional, and local levels. An interdisciplinary approach is needed to create an 
information and knowledge base to help identify, develop, and implement effective 
responses to reduce vulnerability and enhance adaptive capacity. Specifi c informa-
tion needs to be built on what the available adaptation options are, under which 
climatic conditions they will work effectively, anticipated benefi ts, resource require-
ments to implement them, requisite institutional structures and processes, and 
potential spillover effects (Patwardhan et al.  2009 ). In addition to this, exploratory, 
descriptive, and experimental studies are required on different adaptation and miti-
gation options for different cohorts (age, gender, class, location, etc.) as per their 
vulnerability, requirements for such efforts at all levels, potential performance of 
these options, and strengthening institutional capabilities to manage adaptations. 
The research gaps and challenges that need to be addressed for Mumbai in immedi-
ate future in order to reduce climate vulnerabilities and build city resilience can 
broadly be classifi ed into three categories: information, assessment, and knowledge. 
There is a need to compile  information  regarding different climate-related risks in 
the city and for different cohorts such as slum dwellers, the elderly, the disabled, 
young children, women, and unorganized sectors. We further need to  assess  how 
and where different models and tools can be applied to look at changes in hazards, 
exposure, and vulnerability. We also need to build on the fundamental  knowledge  
about topics where there is inadequate understanding currently, e.g., health impacts 
of climate change on the elderly, intra-seasonal variability in the monsoon, studies 
of subsidence and stability of reclaimed lands, etc.  

10.7     Future Directions 

 Future societies will have to adapt and respond to both the “global” issues of climate 
change and aging, respectively. Yet, little attention has been given to the relation-
ship between the two. One can attempt to explore the potential interactions between 
these two distinct lines of policy development and fi nd practical solutions to the 
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problems of sustainability in urban living that will harmonize the need to respond to 
climate change with the needs of a growing older population. It becomes imperative 
not merely to warn policy makers that the solutions proposed to one set of problems 
may generate other problems but also, where possible, to create solutions that offer 
gains across both. Older people, because of a range of physiological, psychological, 
and socioeconomic dispositions, are more vulnerable to the impacts of climate 
change and extreme weather events. By understanding the link between climatic 
exposures on health and other sensitivities of the senior cohort, a range of sustain-
able interventions can be adopted to reduce vulnerability and therefore increase the 
resilience of this group. It is hoped that this paper provides a platform to launch 
further research on this emerging topic in a developing society like India.     
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    Chapter 11   
 Heat Effects and Coastal Vulnerability 
of Population in Thailand       

       Uma     Langkulsen       and     Desire     Tarwireyi     Rwodzi    

    Abstract     Excessive heat and fl ooding are extreme weather events associated with 
climate change, and they pose serious threats to global health. By conducting a 
review of literature, we assessed the effect of heat on human health among the Thai 
population. Our review showed that previous studies focused on mortality, espe-
cially among the elderly or persons with preexisting illnesses, and overlooked the 
idea that physical labor adds to the heat exposure risks via the surplus heat gener-
ated due to muscular movements. 

 We also assessed the demographic profi les and existing public health resources 
in Bangkok and surrounding provinces as part of the wider project to develop a 
health and climate change adaptation resilience simulator for coastal cities. This 
comes following a realization that recurrent fl ooding makes the Thai capital, 
Bangkok, and surrounding areas prone to inundation because of the low-lying 
topography. This has created a need for Thailand to protect its people, natural and 
man-made resources, and productive capacities in response to the impact of climate 
change induced fl oods. Primary and secondary data sources were used to describe 
demographic characteristics of the population and to assess the adequacy of public 
health emergency resources. Our study results showed that the study area falls short 
of the Southeast Asia as well as World Health Organization’s set standards for 
health worker densities and hospital beds.  

  Keywords     Heat exposure   •   Climate change   •   Ambient temperature   •   Resilience   • 
  Public health emergency resources  
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11.1       Effects of Heat on Health among the Thai Population 

11.1.1     Introduction 

 Climate change and rising global temperatures increase concern for the effects of 
heat on human health and their impact on global health (Tawatsupa et al.  2013 ). 
Notwithstanding the growing body of evidence showing that increasing ambient 
temperatures and extreme weather events are a result of global climate change, 
researchers and policymakers still pay little attention to the signifi cance of heat 
effects on human populations worldwide (Ebi and Meehl  2007 ). In the academic 
arena, very few studies exist on the health effects of climate change generally, and 
more specifi cally, scholarship on developing countries in tropical regions in this 
study area remains limited. Moreover, most current studies focus on the impact of 
climate on environmental health, while a few studies approach it from a human 
health perspective (Langkulsen et al.  2010 ). Most of them also come from devel-
oped countries, and not from developing countries in tropical regions like Thailand. 

 Developing countries are important, because they may be more sensitive to cli-
mate change, and hence, they deserve greater attention now than before (Guo et al. 
 2012 ). Thailand saw its temperatures rise signifi cantly over past three decades (see 
Fig.  11.1 ). According to a report from the Meteorological Department of Thailand, 
its monthly mean ambient temperature was above normal from January to November 
during 2013, especially in the upper region of Thailand. There, the temperature 

29.0

Annual Mean Temperature (dry bulb)
in Thailand (Degree Celsius)

28.5

28.0

27.5

27.0

26.5

26.0
51 53 55 57 59 61 63 65 67 69 71 73 75 77 79 81

Observed data

83 85 87 89 91 93 95 97 99 01 03 05 07 09 11

  Fig. 11.1    Annual mean temperature in Thailand shows steady rise of temperature since 1975 
(Source: Thai Meteorological Department. [Online]. Available:   http://www.tmd.go.th/climate/cli-
mate.php?FileID=7    )       
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increased by 1 °C during February and November (see Fig.  11.2 ). Recent tempera-
ture forecast models predict temperatures in Thailand will continue to increase by 
1.2–1.9 °C during this century (Chinvanno and Southeast Asia START Regional 
Center  2009 ; Marks  2011 ). Elevated environmental temperatures may be a contrib-
uting factor to several chronic diseases, such as respiratory and cardiovascular dis-
eases among vulnerable populations, which are also becoming a serious public 
health issue for Thailand. Both disease categories are among the top fi ve leading 
causes of death and disabilities in Thailand. Thus, the correlation between tempera-
ture and human health is a crucial consideration for improving management of these 
detrimental health outcomes (Guo et al.  2012 ).

    One important feature of human biology is the maintenance of core body tem-
perature ( T  cb ) near 37 °C, the temperature at which different biochemical and physi-
ological systems function optimally. Basic metabolism, digestion of food, and 
muscle movement all create “surplus heat,” which human body needs to transfer 
away from it to avoid overheating its  T  cb , especially in hot environments like the 
tropics. Adding physical activity to these processes increases the amount of muscle 
activity that raises internal body heat that the body must remove primarily through 
the skin. In a hot and humid tropical environment, there is the added risk that the 
cooling mechanism provided by the physiological process of sweating may be 
insuffi cient. Inability to sweat properly may lead  T  cb  increases, because excess body 
heat cannot be removed effectively. If  T  cb  exceeds 38 °C, then the risk of heat strain 
increases, producing symptoms of fatigue and lapses in concentration. If  T  cb  goes 
beyond 39–40 °C, then organ damage may ensue and symptoms may grow worse. 

+1.5 +1.3

+0.7 +0.6
+0.5

+0.9

+0.2 +0.1 +0.1 +0.1

+1.0

+0.3

+1.0

+0.5

+0.0

−0.5
−0.1

−1.4

−1.0

−1.5

−2.0

Above normal

Ja
n

Feb M
ar Apr

M
ay Ju

n Ju
l

Aug Sep Oct
Nov Dec

Ann
ua

l

Below normal

  Fig. 11.2    Thailand’s monthly mean ambient temperature anomalies (degree Celsius) in 2013 
(Source: Annual Weather Summary over Thailand in 2013, Climatological Center, Meteorological 
Development Bureau, Thai Meteorological Department)       
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If  T  cb  remains above these temperatures, the brain will be affected resulting in 
unconsciousness (heat stroke). Death may follow, if the heat excess persists 
untreated. There are, however, cases of well-acclimatized people who can withstand 
such high  T  cb  levels for some time. For example, studies in India indicate that work-
ers may continue working effi ciently with a  T  cb  up to 39 °C (Kjellstrom et al.  2010 ). 
Even so, these are the exception and may not be applicable to other populations, 
where heat effects may affect human health on a global scale.  

11.1.2     Literature Review on Heat Stress Impact in Thailand 

 To learn the impact of heat effects on human health in developing countries, a 
review of literature on studies focusing on Thailand was carried out to locate peer- 
reviewed studies on this topic. A keyword search methodology was utilized incor-
porating the following keywords (heat stress, heat effects, extreme heat, and hot 
environments). Searches were performed with the following search engines (Google 
and Google Scholar). The key search limiter term was Thailand, and based on the 
search routines conducted from 5 to 10 years. The search found articles meeting the 
study parameters of heat effects, mortality, and occupation in Thailand. The follow-
ing articles were identifi ed, reviewed, and reported: 

 In 2011, Langkulsen cited in  Asian Pacifi c Newsletter on Occupational Health 
and Safety  reported that 7 people died from the effects of heat and light, and the 
primary causes of death included heatstroke, sunstroke, and heat syncope (listing 
causes of death under the International Classifi cation of Diseases, Tenth Revision 
(ICD-10) between 2007 and 2009 in Thailand) (Langkulsen  2011 ). 

 A cross-sectional, pilot study of multiple worksites ( N  = 5) engaged in either 
agricultural or industrial activities in the Pathumthani and Ayutthaya provinces of 
Thailand during 2009. The study conducted during the Thai “rainy season” com-
pared different worksites in the industrial and agricultural sectors. Investigators 
identifi ed 4 of 5 sites with temperatures in the designated heat value danger zone 
(HI Index > 41 °C), and they included industrial activities in the pottery industry, 
power generation, and knife manufacturing. Of the study sites, only the construction 
and pottery workers lost productivity due to extreme heat stress and heat-related 
sicknesses (Langkulsen et al.  2010 ). The overall loss of productivity related to body 
heat ranged from 10 to 60 % in these activities. Interestingly, the power plant site 
had outside temperatures in the HI Index range, but its workers did not experience 
declines in their productivity. The authors attributed this observation to workers 
spending more worktime inside air-conditioned structures than outside in the heat. 
Because the study also took place during the “rainy season” when outside tempera-
tures may be lower than the “dry season,” there may be lowering of the impact of 
temperatures. Thus, heat effects could be more or less depending on the time of 
season and environmental conditions during the study period. 

 A second 2010 study from Thailand demonstrated a positive association between 
heat stress and psychological distress among 24,907 workers surveyed. Of the 
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 factors studied, associations between overall health, psychological distress due to 
reduced work productivity, low income, and disrupted daily social activity, and 
occupational heat stress were signifi cant and revealed no consistent pattern with 
age. The adverse effects of heat stress on poor health were worse for females; but 
males between 15 and 29 years also exhibited a similar association (Tawatsupa et al. 
 2010 ). 

 A more recent study published in 2012 identifi ed an association between occu-
pational heat stress and self-reported doctor diagnosed kidney disease in Thailand. 
This study found that men exposed to prolonged heat stress increased their odds of 
developing kidney disease 2.22 times higher than that of men without such expo-
sure. The study also reported that kidney disease in Thailand is a major cause of 
death among middle-aged adults. Moreover, the number of deaths from renal failure 
increased from 8895 in 2001 to 11,246 in 2005 to 12,195 in 2007. Whether there is 
direct correlation between the overall rise in kidney disease deaths and occupation-
ally related heat stress kidney disease remains to be clearly established, but based 
on the upward trajectory on death rates, the results of this study are crucial to 
Thailand health sector, and they suggest more studies are needed (Tawatsupa et al. 
 2012 ). A peer-reviewed publication in 2013 provided more evidence for a connec-
tion between heat stress and occupational injury in tropical Thailand. This study 
found that one-fi fth of workers experienced occupational heat stress, which was 
strongly and signifi cantly associated with occupational injury (Tawatsupa et al. 
 2013 ). 

 A further two studies published in 2012 provided evidence of an association 
between temperature and mortality. One population-based study conducted by Guo 
and others in Chiang Mai province from 1999 to 2008 revealed that exposures to 
both hot and cold temperatures resulted in a nonlinear relationship between tem-
peratures and increased cause- and age-specifi c mortality types (Guo et al.  2012 ). 
This study also found that hot temperatures have more immediate, acute effects on 
mortality types than slower cold-related effects. The authors concluded that tem-
perature was an important environmental hazard in Chiang Mai city. A second 2012 
study by Tawatsupa and colleagues reviewed temperature and mortality rates for 
workers in Thailand from 1999 to 2008 (Tawatsupa et al.  2014 ). Their country-wide 
study identifi ed a highly signifi cant association between weather variations and 
mortality in Thai workers, where workers in the central region of Thailand were at 
the greatest risk for heat-related mortality effects. Based on their fi ndings, the 
authors cautioned that workers at high risk for heat-related stresses should take 
safety precautions when working in high heat conditions.  

11.1.3     Discussion and Conclusion 

 Based on the review of studies of heat effects on human health in Thailand conducted 
from 1999 to 2008, there are health risks that may have local and country- wide 
impacts, depending on the weather, work, age, and occupation. While the current 
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worldwide scholarship on climate and heat effects remains a work in progress, the 
studies identifi ed, reviewed, and discussed here show that researchers in Thailand 
have been at the forefront of such studies. Climate matters, and it is of major concern 
in tropical, developing countries like Thailand. Past studies published by authors 
from developed countries on this topic tend to focus on more elderly populations and 
pay less attention to developing countries. Studies in Thailand suggested that heat 
effects might be more severe on the health and mortality of young workers, depend-
ing on their industrial activity. People carrying out physical labor add to their heat 
exposure risks via the surplus heat created inside their bodies, especially activities 
generating muscular movements. Thus, the global impact of heat effects is likely a 
complex problem that could affect countries and populations differently. 

 Moreover, and more importantly, heat effects on the health and well-being of 
populations are a global public health concern, especially in developing countries 
like Thailand where the general health sector needs to conduct further studies. As 
noted by Tawatsupa and others, it is very important for policymakers to recognize 
heat stress-related health outcomes and their effects on economics and production 
loss. The outcomes of ineffective prevention programs can and will result in inef-
fectual health services, especially in treating those affected by heat stroke. They 
may also have a negative impact on social and health-care budgets. Therefore, it is 
essential to build bridges between general public health services and occupational 
health and safety services while engaging communities and enterprises in the pre-
ventive health activities. Heat effects and climate are important issues in the discus-
sion of the overall advancement in socioeconomic development of countries like 
Thailand. Tropical countries have to endure excessively long hot seasons, and there 
is also the link between heat exposures, health protection, work productivity loss, 
and the community economy. Climate change is a persistent and threatening issue 
and the public health sector has a major role in analyzing the threats, creating aware-
ness, and fi nding the best preventive solutions.   

11.2     Coastal Cities at Risk: Health and Climate Change 
Adaptation City Resilience Simulator Development 

11.2.1     Introduction and Background 

 Bangkok is experiencing a need to protect its people, natural and man-made 
resources, and productive capacities in response to the impact of climate change and 
increasing numbers of extreme weather patterns and events. In particular, due to the 
“three waters” of runoff, rain, and sea rise, together with its low-lying topography, 
much of the capital is prone to inundation. Bangkok and surrounding areas must 
become resilient to wider factors of risks in order to be prepared for climate change 
challenges. There is a need to reinvestigate the city as a system, bringing in an urban 
development approach in order to understand urban risks and promote resilience to 

U. Langkulsen and D.T. Rwodzi



179

climate change challenges. The “Coastal Cities at Risk (CCaR): Building Adaptive 
Capacity for Managing Climate Change in Coastal Megacities” is a 5-year collab-
orative research program conducted from 2011 to 2016. Its overall objective is to 
develop the knowledge base and enhance the capacity of megacities to successfully 
adapt to and when necessary cope with risks posed by the effects of climate change, 
including sea-level rise, in the context of urban growth and development. To deal 
with the shortcomings in existing resilience models and to provide a conceptual 
basis for establishing baselines for measuring resilience, this project introduces a 
space-time dynamic resilience measure (ST-DRM). A city resilience system will 
capture the process of dynamic disaster resilience simulation in both time and space 
(Angela and Simonovic  2013 ). 

 This paper presents the contribution of the School of Global Studies, Thammasat 
University, to the health component of the City Resilience Simulator Development 
Project for Bangkok, Thailand. We aimed at describing the demographic character-
istics of the population from the study area, describe public sector health care and 
public health emergency resources, and identify the vulnerable groups in fl ooding 
events. As such, our study gives a description of key health system and demographic 
indicators that have to be considered in planning for the resilience of the city and 
surrounding areas that are prone to fl ooding. Selected demographic characteristics 
of the population from the study area comprising 6 provinces were used to deter-
mine the adequacy of public health emergency resources in the event of a fl ood. 
Described also is data on vulnerable groups and those who need special care or 
attention during fl oods and other climate related hazards in the study area. The data 
presented in this report is important for determining gaps that should be addressed 
to increase the resilience of the city to fl ooding hazards. It also highlights strengths 
that can be built upon to protect communities threatened by hazards associated with 
climate change.  

11.2.2     Methods 

 The study area under the health theme comprised six provinces, namely, Bangkok, 
Nonthaburi, Pathum Thani, Samut Sakhon, Samut Prakan, and Nakhon Pathom. 
There was severe inundation in these provinces during the 2011 fl oods in Thailand 
and this infl uenced their selection for data collection to boost their resilience. We 
conducted a descriptive study based on selected secondary health information sys-
tem data and demographic indicators in relation to public health services, public 
health emergency system resources, and vulnerable groups in six fl ood-prone prov-
inces. In-depth interviews were also conducted to gather data from institutions and 
organizations that were purposively selected. These institutions/organizations 
include the Local Administration, Ministry of Public Health, Bangkok Metropolitan 
Administration, and the Department of Disaster Prevention and Mitigation under 
the Ministry of Interior. Indicators considered for the study were categorized into 4 
clusters, namely, demographic data, public health resources, public health 
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emergency resources, and vulnerable groups among the affected population. 
Quantitative data served a simple descriptive analysis using size, distributions, pro-
portions, and ratios. Processed quantitative data served a gap analysis to identify 
potential need for adaptation strategies to be included in urban development plans 
for Bangkok and surrounding areas.  

11.2.3     Results 

11.2.3.1     Demographic Data 

   Study Area and Households 

 Altogether, there are 79 districts and 476 sub-districts within the study area. As of 
December 2013, a total of 4,848,635 households were reported within the study 
area. Bangkok had the highest number of households (54 %) within the study area, 
and Samut Sakhon had the least number of households (5 %), as shown in Fig.  11.3 . 
The median number of members per household across the six provinces was 2.1, 
with the least (2.0) reported in Nonthaburi province and the highest median of 2.5 
reported in Nakhon Pathom.

      Population Distribution 

 As of December 2013, the total population residing within the six provinces under 
study was 10,538,932 according to data retrieved from the Ministry of Interior. Out 
of the 6 provinces, Bangkok was the most populous (5,686,252) with its total 
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  Fig. 11.3    Distribution of households in the study area       
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population being greater than the total of the other 5 provinces combined. The least 
populated province was Samut Sakhon and its population (519,457) was about a 
tenth of total population for Bangkok. Overall, there were more females (52 %) than 
males (48 %) within the study area. The greatest difference in male to female ratio 
was observed in Nonthaburi province (1: 1.13). The distribution of the population 
by gender at district and sub-district levels exhibits a similar pattern.  

   Distribution of Age Groups 

 Analysis of distribution of population by age groups was restricted to Thai citizens 
because disaggregated data was not readily available for non-Thai nationals. The 
population was categorized into 5 distinct age groups relevant to public health and 
disaster planning. These included children under 5 years, 5–14 years, 15–49 years, 
50–64 years, and 65 years and above. Bangkok province had the lowest proportion 
of people within the 15–49 age group compared to Pathum Thani province which 
had the highest proportion of 58 % for the same age group. However, Pathum Thani 
province had the least proportion (7 %) for persons aged 65 and above.  

   Distribution of Population by Age and Gender 

 Across the six provinces, proportions for three age categories among males (i.e., 
under 5, 5–15 years, and 15–49 years) were higher compared to the same categories 
among females. However, the proportions for females aged 50–64 years and females 
aged 65years and above were higher compared to the same age categories among 
males. Bangkok province had the highest proportion of females aged 65 and above 
(11 %), while Pathum Thani province had the lowest proportions of people aged 65 
and above for both males (6 %) and females (8 %).   

11.2.3.2     Public Health Resources 

   Public Health Resources at Tambon Level (Health Promotion Hospitals) 

 Table  11.1  shows data on public health resources reported for the year 2012 includ-
ing the number of Tambon Health Promotion Hospitals (THPHs) and hospital beds. 
It also summarizes the number of people seen as outpatients, number of visits 
reported at the outpatients department (OPD), and the average daily outpatients by 
province. Bangkok province had no health promotion hospitals at Tambon level, 
and out of the remaining fi ve provinces, no hospital at Tambon level had beds. 
Nakhon Pathom province had the largest number of THPHs (134), and this is two 
and half times the number of health centers in Samut Sakhon province (54). 
Although Samut Sakhon had the lowest number of THPHs, the province had 
approximately 1.04 health centers per 10,000 population which is a higher ratio 
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compared to Nonthaburi, Pathum Thani, and Samut Prakan provinces. Samut 
Prakan province had the highest number of outpatients, OPD visits, and average 
daily outpatients reported in 2012.

      Public Health Resources at District Level (Community Hospitals) 

 A hospital is recognized as a community hospital if it is located in the district and 
had a total number of hospital beds that is less than 200. 1  As shown in Table  11.2 , 
no hospital befi ts the description of a community in Bangkok and Samut Sakhon 
provinces. Out of the other four provinces, Samut Prakan had half the number of 
community hospitals (4) as Nakhon Pathom (8). Nonthaburi and Pathum Thani 
provinces have 5 and 7 community hospitals, respectively. Even with the least num-
ber of hospitals, Samut Prakan had the highest number of inpatient beds (376) at 
district-level hospitals. The ratios of doctors per bed as well as beds per 10,000 
population were all higher for the whole country in comparison with individual 
provinces. The reported numbers of outpatients, OPD visits, and inpatients are high-
est in Nakhon Pathom and lowest in Nonthaburi province. Samut Prakan, the prov-
ince with the highest number of inpatient beds, also had the highest bed occupancy 
rate of 92 %, followed by Nakhon Pathom, Nonthaburi, and Pathum Thani prov-
inces with bed occupancy rates of 90 %, 83 %, and 63 %, respectively.

1   Bureau of Policy and Strategy, Offi ce of Permanent Secretary, Ministry of Public Health, 
Thailand. 

   Table 11.1    Tambon Health Promotion Hospitals and out patients department statistics   

 Total 
population 
( n ) 

 Hospitals 
( n ) 

 Hospitals 
per 10,000 
population 

 Beds 
( n ) 

 Outpatients 
( n ) 

 OPD visits 
( times ) 

 Average 
daily 
outpatients 

 Bangkok  5,686,252  –  –  –  –  –  – 
 Nonthaburi  1,156,271  76  0.657  –  244,398  849,700  2,971 
 Pathum 
Thani 

 1,053,158  78  0.741  –  343,498  1,081,332  3,781 

 Samut 
Prakan 

 1,241,610  68  0.548  –  630,417  1,718,375  6,008 

 Nakhon 
Pathom 

 882,184  134  1.519  –  378,224  1,345,901  4,706 

 Samut 
Sakhon 

 519,457  54  1.040  –  166,897  652,153  2,208 

 Whole 
country 

 63,878,267  9,761  1.528  –  27,514,066  97,839,962  342,287 
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      Public Health Resources at Provincial Level (General/Referral Hospitals) 

 Criteria for classifying a hospital as a general hospital was based on the fact that the 
institution was located in the province/ big district and the number of hospital beds 
ranged between 200 and 499. The whole country had a total of 68 general/referral 
hospitals. As shown in Table  11.3 , there is no general hospital in Bangkok and 
Nakhon Pathom provinces. Out of the remaining 4 provinces, only Samut Sakhon 
province had 2 referral hospitals; the other 3 provinces have 1 referral hospital each. 
Samut Sakhon, with 2 referral hospitals, had the highest number of inpatient beds 
(747). All other provinces have doctors per bed ratio lower than that of the whole 
country, except for Samut Sakhon whose ratio of 8 doctors per bed is equal to that 
of the whole country. OPD visits and number of inpatients are highest in Samut 
Sakhon province whereas the reported number of outpatients is highest in Nonthaburi 
province. Only Samut Sakhon province had a bed occupancy rate (84 %) which is 
lower than the national average (85 %). Samut Prakan had the highest bed occu-
pancy rate of 107 %, followed by 93 % and 86 % in Pathum Thani and Nonthaburi 
provinces, respectively.

      Public Health Resources at Regional Level (Regional Hospitals Located 
in the Provinces) 

 We defi ned a regional hospital as one that was located in the provinces, had more 
than 500 inpatient beds, and had medical specialists. With this working defi nition, 
only Nakhon Pathom province had a regional hospital out of the six provinces under 
investigation. Table  11.4  summarizes the statistics for regional hospitals, beds, as 
well as reported numbers of outpatients and inpatients.

11.2.3.3         Health Personnel 

 Ratios of health personnel per 10,000 populations as well as the proportions for 
each group of health personnel by province were calculated. The health worker 
density, which refers to the number of health workers per 10 000 population, by 
cadre, is the health workforce indicator that is most commonly reported internation-
ally and represents a critical starting point for understanding the health system 
resources situation in a country (World Health Organization  2009a ). These health 
personnel included medical doctors, dentists, dental assistants, pharmacists, regis-
tered nurses, technical nurses, public health offi cers, and public health technical 
offi cers working at different levels as reported above. 
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   Health Personnel at Tambon Health Promotion Hospitals 

 Across the whole country, there are no medical technologists and medical scientists, 
neither are there medical technician assistants at Tampon Health Promotion Hospitals. 
Table  11.5  shows the numbers and ratios per 10,000 population for the available 
health personnel at THPH level by province and for the whole country. The ratio per 
10,000 population for public health technical offi cers and public health offi cers is 
highest in Nakhon Pathom (2.54/10,000 population and 1.72/10,000 population, 
respectively) and is even higher than the ratios observed for the whole country.

      Medical Personnel at Community Level Hospitals 

 Again at community-level hospitals (located in the district, number of beds < 200), 
Bangkok province had none of the above-mentioned health professionals. As shown 
in Table  11.6 , the ratios of health personnel per 10,000 population were highest for 
registered nurses, followed by medical doctors across the provinces under investiga-
tion. For registered nurses, only Nakhon Pathom province had a ratio greater than 
the average for the whole country (5.86 versus 5.21). For Samut Sakhon province, 
data is only available for medical technologists and medical technician assistants 
whose ratios are 0.04 per 10,000 population. There are no medical scientists in 
Bangkok, Samut Prakan, Nakhon Pathom, and Samut Sakhon.

   Table 11.4    Regional hospitals, beds, and outpatient and inpatient statistics   

 Bangkok 
 Pathum 
Thani 

 Samut 
Prakan 

 Nakhon 
Pathom 

 Samut 
Sakhon  Whole country 

 Total 
population ( n ) 

 5,686,252  1,053,158  1,241,610  882,184  519,457  63,878,267 

 Hospitals ( n )  –  –  –  1  –  28 
 Bed ( n )  –  –  –  670  –  19,660 
 Hospitals per 
10,000 population 

 –  –  –  0  –  0 

 Beds ( n )  –  –  –  670  –  19,660 
 Bed per 
population 

 –  –  –  1,299  –  3,269 

 Beds per 10,000 
population 

 –  –  –  7.59  –  3.08 

 Doctor per bed  –  –  –  6  –  5 
 Outpatients 
( person ) 

 –  –  –  152,637  –  3,571,742 

 OPD visits 
( times ) 

 –  –  –  768,315  –  16,632,996 

 Inpatients 
( person ) 

 –  –  –  49,858  –  1,466,463 

 Length of stay 
( days ) 

 –  –  –  240,670  –  7,145,179 

 Bed occupancy 
rate (%) 

 –  –  –  98  –  100 
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      Medical Personnel at General/Referral Hospitals 

 At general hospitals (located in the province or big district, number of beds 200–
499), we did not fi nd data for two of the provinces under investigation, that is, 
Bangkok and Nakhon Pathom. However, for the provinces where data was avail-
able, registered nurses had the highest ratios per 10,000 population followed by 
medical doctors as shown in Table  11.7 . Samut Sakhon province had the highest 
ratio of registered nurses and medical doctors per 10,000 population, 9.49 and 1.89, 
respectively. Noteworthy is the fact that for all the provinces where data was avail-
able, the ratios per 10,000 population for registered nurses, medical doctors, phar-
macists, and dentists were higher at provincial level compared to ratios for the 
whole country.

      Medical Personnel at Regional Level Hospitals 

 A regional hospital, by working defi nition, referred to one that was located in the 
province, had more than 500 beds, and had medical specialists. Out of the six prov-
inces, only Nakhon Pathom province had a regional hospital, and the numbers and 
proportions of different health personnel are shown in Table  11.8 .

   At the regional hospital in Nakhon Pathom, 70 % of health personnel were reg-
istered nurses and that the same average was observed for regional hospitals in the 
whole country. However, the ratio per 10,000 population for registered nurses is 
higher in Nakhon Pathom (6.4) compared to the national average (2.45). For all 
health personnel at this level, the density (ratio per 10,000 population) is higher in 
Nakhon Pathom compared to the whole country.   

11.2.3.4     Other Public Health Resources Available at Hospitals 

 From Tambon to provincial levels, all hospitals reported that professional tasks 
were being completed primarily through electronic systems, and a variety of elec-
tronic communication modalities were being used in exchanging information with 
other health service providers. All hospitals in the study area reported that they 
maintained registers for chronic conditions. Not only did they conduct outreach 
activities to deliver primary health-care services, but they also provided specialized 
programs (JHCIS) for vulnerable populations. With the exception of Sam Khok, a 
district-level hospital, all other hospitals at different levels were providing after- 
hour services to practice populations. At all levels, hospitals in the study area had 
collaborative care arrangements with other health-care organizations as well as 
other providers beyond the health sector such as housing, justice, police, and 
education.  
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   Table 11.8    Ratio of health personnel per 10,000 population at provincial level (general hospital)   

 Health personnel 

 Nakhon Pathom  Whole country 

 Number 

 % (out of 
health 
workers at 
province) 

 Ratio per 
10,000 
population  Number 

 % (out of 
health 
workers at 
province) 

 Ratio per 
10,000 
population 

 Medical 
technologists 

 13  2 %  0.15  374  2 %  0.05 

 Medical scientists  4  0 %  0.05  88  0 %  0.01 
 Medical technician 
assistants 

 21  3 %  0.24  550  2 %  0.08 

 Medical doctor  106  13 %  1.20  3734  15 %  0.53 
 Dentist  16  2 %  0.18  416  2 %  0.06 
 Pharmacist  29  4 %  0.33  1013  4 %  0.14 
 Registered nurse  565  70 %  6.40  17,224  70 %  2.45 
 Technical Nurse  48  6 %  0.54  1176  5 %  0.17 

11.2.3.5     Available Public Health Emergency Resources at Hospitals 

 Primary data regarding the status of public health emergency resources was gath-
ered through in-depth interviews that were conducted with a number of agencies or 
organizations that were purposively sampled. These included 2 hospitals at Tambon 
level, 2 at district level, and 2 general/referral hospitals. In addition we purposively 
selected Nonthaburi and Pathum Thani Provincial Health Offi ces, Disaster 
Prevention and Mitigation Provincial Offi ces (Nonthaburi and Pathum Thani 
Provincial Offi ces), as well as the Bangkok Fire and Rescue Department. 

 Hospitals at all levels confi rmed that they had in place either policies or plans 
that included emergency preparedness and response. One district-level hospital 
(Sam Khok) indicated that they did not have formal emergency preparedness and 
response coordination mechanisms in place. However, at all levels, hospitals had 
roles and responsibilities and lines of authority that were clearly laid down in the 
policy frameworks. None of the 6 hospitals (from Tambon to provincial level) had 
an emergency preparedness and response plan that included standard operational 
procedures (SOPs). Hospitals at all levels indicated that their policies provided bud-
get allocations for emergency preparedness and response plans. Only Sam Khok, a 
hospital at district level, indicated that they will have the budget allocated when 
fl ood or disaster strikes. At all levels, hospitals confi rmed that delegation of author-
ity for the EPR focal point was supported by administrative procedures. With the 
exception of one hospital at district level (Sam Khok hospital), the other fi ve hospi-
tals at different levels confi rmed that they conducted risk and vulnerability assess-
ments that refl ect specifi c public health concerns. It was also clear from the 
interviews that at most hospitals, not all staff were trained on emergency prepared-
ness and response, and there were differences on the type of staff to be trained, even 
at hospitals at the same level. Only Sam Khok (a hospital at district level) did not 
have the essential supplies for health response prepositioned in strategic locations. 
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In addition, inventory systems for essential supplies and equipment for health were 
operational at all other hospitals except Sam Khok. 

 All the other 5 hospitals (except for Sam Khok) indicated that health systems- 
related EPR information was in place and was made available across and within 
various levels/sectors. Only two hospitals (Pranangklao and Sam Khok hospitals) 
indicated that resources meant for vulnerability assessment and risk mapping were 
neither developed nor utilized at all levels. In completing tasks, hospitals at all lev-
els primarily use electronic systems. Risks from existing hazards were assessed at 
all key health facilities at 5 hospitals except Sam Khok. However, hospitals at all 
levels had emergency plans in place outlining emergency management, mass casu-
alty management, as well as evacuation procedures. It was only at Sam Khok hos-
pital that knowledge of public health threats in emergencies was not integrated in 
the existing disease surveillance system. In addition, it was only at Sam Khok 
 hospital where emergency surveillance and response needs were not assessed, and 
no measures were taken.  

11.2.3.6     Available Public Health Emergency Resources at Non-hospital 
Institutions 

 Qualitative data was gathered from a total of 14 non-hospital institutions within the 
study area. These comprised 4 institutions under Local Administration, 5 institu-
tions under Ministry of Public Health, 4 institutions under the Ministry of Interior’s 
Department of Disaster Prevention and Mitigation, and Bangkok Metropolitan 
Administration. Table  11.9  summarizes the availability of public health emergency 
resources at surveyed non-hospital institutions. Policy frameworks were available 
across all the 14 surveyed non-health institutions under the four different types of 
administration. Less than half (43 %) of the 14 surveyed non-hospital institutions 
reported that they had a developed plan for emergency preparedness and response 
which included standard operational procedures. Under the Ministry of Public 
Health, out of the 4 institutions surveyed, only Pathum Thani Provincial health 
offi ce (20 %) had the plans in place. All 14 non-health institutions reported that 
emergency preparedness and response focal points, units, or persons responsible 
were available at their institutions. However, 14 % of the non-health institutions 
stated that their policies did not provide budget allocations for emergency prepared-
ness and response plans.

   All surveyed institutions reported that risk and vulnerability assessments con-
ducted by their organizations refl ected specifi c public health concerns. In addition, 
any assessed risks to public health were refl ected in institutional preparedness and 
response plans. Training for response and preparedness was reported to be in place 
for only 50 % of the surveyed institutions. However, all surveyed institutions 
reported that training was in place and focused on fi rst aid in emergencies. All sur-
veyed institutions under the Ministry of Public Health, Ministry of Interior, and 
BMA indicated that fi nancial resources were allocated for essential response sup-
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   Table 11.9    Availability of public health emergency resources at non-hospital institutions   

 Local 
Administration 
(%) 

 Ministry 
of Public 
Health 
(%) 

 Ministry 
of 
Interior 
(%) 

 Bangkok 
Metropolitan 
Administration 
(%) 

 Out of 14 
surveyed 
institutions 
(%) 

  Policy framework  
 Policy/plans include 
emergency preparedness 
and response (EPR) 

 100  100  100  100  100 

 Formal EPR 
coordination 
mechanisms 

 100  100  100  100  100 

 Coordination mechanism 
is developed and 
institutionalized 

 100  100  100  100  100 

 Roles, responsibilities, 
and lines of authority are 
defi ned 

 100  100  100  100  100 

  Disaster preparedness plans and standard operational procedures  
 A plan for emergency 
preparedness and 
response is developed 
including standard 
operational procedures 
(SOPs) 

 50  20  50  100  43 

 Drills and simulation 
exercises are conducted 
at various levels of the 
health system 

 100  80  100  0  86 

  Public health emergency resources  
 Policies provide 
budget allocations for 
emergency preparedness 
and response plans 

 100  60  100  100  86 

 EPR focal points/units/
persons responsible are 
identifi ed 

 100  100  100  100  100 

 Delegation of authority 
for EPR focal points is 
supported by 
administrative 
procedures 

 75  100  100  100  93 

  Plan for mitigation, preparedness, and response  
 Risk and vulnerability 
assessments refl ect 
specifi c public health 
concerns 

 100  100  100  100  100 

(continued)
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Table 11.9 (continued)

 Local 
Administration 
(%) 

 Ministry 
of Public 
Health 
(%) 

 Ministry 
of 
Interior 
(%) 

 Bangkok 
Metropolitan 
Administration 
(%) 

 Out of 14 
surveyed 
institutions 
(%) 

 Preparedness and 
response plans refl ect 
assessed risks to public 
health 

 100  100  100  100  100 

  Response and preparedness capacity  
 Training is in place of 
staff 

 50  20  100  0  50 

 Training is in place 
focusing on fi rst aid and 
their role in public health 
interventions in 
emergencies 

 100  100  100  100  100 

 Basic supplies for public 
health and mass casualty 
care are in place for 
trained staff 

 75  60  75  0  64 

 Simulation exercises and 
drills based on 
preparedness plans are 
conducted 

 50  60  75  0  57 

  Capacity for emergency provision of essential services and supplies  
 Plans list essential 
services, supplies, and 
logistics requirements 
for emergency response 
to health needs 

 50  60  100  0  64 

 Financial resources are 
allocated for essential 
response supplies and 
equipment for health 
needs 

 50  100  100  100  86 

 Essential supplies for 
health response are 
prepositioned in strategic 
locations 

 75  80  100  0  79 

 Inventory system for 
essential supplies and 
equipment for health is 
operational 

 50  60  100  0  64 

 Transport and 
distribution arrangements 
are identifi ed and plans 
are in place 

 75  80  100  100  86 

(continued)
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Table 11.9 (continued)

 Local 
Administration 
(%) 

 Ministry 
of Public 
Health 
(%) 

 Ministry 
of 
Interior 
(%) 

 Bangkok 
Metropolitan 
Administration 
(%) 

 Out of 14 
surveyed 
institutions 
(%) 

 Suppliers and 
transportation means are 
identifi ed and plans are 
in place for distribution 
of emergency supplies 

 75  80  100  100  86 

  Advocacy and awareness  
 Awareness materials on 
EPR and public health 
issues are developed and 
disseminated widely to 
populations at risk 

 75  80  100  100  86 

 Health systems-related 
EPR information is in 
place and made available 
across and within various 
levels/sectors 

 75  100  100  100  93 

  Identify risks and assess vulnerability  
 Resources for 
vulnerability assessment 
and risk mapping are 
developed and utilized at 
all levels 

 75  40  75  100  64 

 Repository of 
information from 
vulnerability assessments 
and risk mapping 
includes information 
specifi c to the health 
sector 

 33  100  100  100  78 

  Incident command system  
 Primarily use electronic 
systems to complete their 
tasks 

 75  100  100  100  93 

 Use a variety of 
electronic 
communication 
modalities in the 
exchange of information 
with others 

 75  100  100  100  93 

(continued)
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Table 11.9 (continued)

 Local 
Administration 
(%) 

 Ministry 
of Public 
Health 
(%) 

 Ministry 
of 
Interior 
(%) 

 Bangkok 
Metropolitan 
Administration 
(%) 

 Out of 14 
surveyed 
institutions 
(%) 

  Health facilities resilience  
 Risks from existing 
hazards are assessed in 
all key health facilities 

 75  60  100  100  79 

 Assessed risks in health 
facilities are prioritized 
and essential problems 
are mitigated and 
reduced 

 100  100  100  100  100 

 Health facility 
maintenance staff is 
trained in mitigating the 
nonstructural risks 

 25  80  100  100  71 

 Emergency plan is in 
place which outlines 
emergency management, 
mass casualty 
management, and 
evacuation procedures 

 50  80  100  100  79 

  Early warning and surveillance systems for public health  
 Disease surveillance 
system is in place with 
regular reporting 

 50  100  0  0  50 

 Functional response 
mechanism integrated in 
disease surveillance 
system at all levels 

 25  100  0  0  43 

 Knowledge of public 
health threats in 
emergencies is integrated 
in the existing disease 
surveillance system 

 25  60  0  0  29 

 Emergency surveillance 
and response needs are 
assessed and measures 
taken 

 25  100  0  0  43 

 SRRT are available  25  100  0  0  43 
 Staff is trained in risk 
communication 

 25  60  50  100  50 
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plies and equipment for health needs. However, under BMA, neither were essential 
supplies for health response prepositioned in strategic locations, nor were inventory 
systems for essential supplies operational. Almost all institutions (93 %) reported 
that information technologies were being used to manage public health information, 
with the exception of only Nonthaburi Provincial Administration Organization 
under the Local Administration. 

 Almost all (93 %) surveyed non-hospital institutions reported that they primarily 
used electronic systems to complete their tasks. In addition, 93 % of the institutions 
reportedly used a variety of electronic communication modalities in the exchange of 
information with others. Under the Local Administration, only 25 % of the institu-
tions reported that health facility maintenance staff was trained in mitigating non-
structural risks. Fifty per cent (50 %) of the surveyed institutions under Local 
Administration and 80 % of institutions under Ministry of Public Health indicated 
that emergency plans were in place and outlined emergency management, mass 
casualty management, and evacuation procedures. None of the institutions under 
Ministry of Interior and under BMA had early warning and surveillance systems for 
public health in place except for trained staff in risk communication, which was 
reported in 50 and 100 % of surveyed institutions under Ministry of Interior and 
BMA, respectively. Disease surveillance systems with regular reporting were in 
place at 50 % of surveyed institutions under Local Administration, 100 % on institu-
tions under Ministry of Public Health, and none under Ministry of Interior and 
BMA. Less than half (43 %) of all surveyed institutions reported that they had func-
tional response mechanisms integrated in disease surveillance systems at all levels. 
Only 29 % of the surveyed institutions indicated that knowledge of public health 
threats in emergencies was integrated in existing disease surveillance systems.  

11.2.3.7     Vulnerable Groups Among the Affected Population 

   Disabled Persons 

 Four out of the six provinces had centers/homes for disabled persons. As of 2014, 
data was not made available on disabled persons in Samut Sakhon and Nakhon 
Pathom provinces. Centers/homes/foundations for people living with disabilities 
within the four provinces provided care and support for persons of different age 
groups and various disabilities. These included mentally disabled children and 
babies, autistic persons, as well as disabled men and women in general, as shown in 
Table  11.10 .

      Population Under 5 Years 

 Children under the age of 5 depend on adults for their daily needs and safety, and 
they are more vulnerable to vaccine preventable diseases, injury, and death during 
fl oods. This group includes breastfeeding children who require special feeding 
arrangements during and after disaster to prevent malnutrition and diarrheal 
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   Table 11.11    Distribution of population under 5 years by gender   

 Province  Male 
 Male 
(%)  Female 

 Female 
(%)  Total 

 Total under 5 as % 
of provincial 
population 

 Bangkok  135,343  51  127,802  49  263,145  5 
 Nonthaburi  30,859  52  28,984  48  59,843  5 
 Pathum Thani  32,647  52  30,572  48  63,219  6 
 Nakhon 
Pathom 

 25,677  52  23,982  48  49,659  6 

 Samut Prakan  37,145  52  34,624  48  71,769  6 
 Samut Sakhon  16,077  51  15,164  49  31,241  6 

   Table 11.12    Distribution of population above 60 years by gender   

 Province  Male  Male (%)  Female 
 Female 
(%)  Total 

 Total 60+ as % 
of provincial 
population 

 Ratio: 
male to 
female 

 Bangkok  342,548  42  475,305  58  817,853  14 %  01:01.4 
 Nonthaburi  72,451  44  93,033  56  165,484  14 %  01:01.3 
 Pathum Thani  50,115  43  65,763  57  115,878  11 %  01:01.3 
 Nakhon 
Pathom 

 50,727  42  69,364  58  120,091  14 %  01:01.4 

 Samut Prakan  63,211  43  84,674  57  147,885  12 %  01:01.3 
 Samut Sakhon  27,472  43  36,278  57  63,750  12 %  01:01.3 

diseases. The proportions of persons under the age of 5 in relation to the whole 
provincial population were within the range of 5–6 % across the 6 provinces. Table 
 11.11  gives a summary of the gender proportions for persons under 5 years within 
each province.

      Population Above 60 Years 

 The UN agreed cutoff is 60+ years to refer to the older population. 2  A common 
feature among the six provinces is that females constituted greater proportions 
among persons aged 60+ as shown by the gender proportions as well as the male to 
female ratios in the Table  11.12 .

2   World Health Organization. Defi nition of an older or elderly person.  http://www.who.int/health-
info/survey/ageingdefnolder/en/ . Accessed on 05/10/2013 
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      Elderly Persons in Homes/Foundations by Province and by Gender 

 As of October 2014, homes or foundations for elderly persons aged 60 and above 
were available in 4 out of the 6 provinces, i.e., Bangkok, Pathum Thani, Samut 
Prakan, and Nakhon Pathom. The highest number of homes (4) was in Bangkok 
province, followed by Nakhon Pathom province with 2 homes, and Pathum Thani 
and Samut Prakan provinces had a center each. All homes/foundations for the 
elderly in the study area housed persons aged 60 years and above. As shown in Table 
 11.13 , Bangkok province had a total of 394 elderly persons housed in homes/foun-
dations, and 79 % of these were females. Pathum Thani on the other had 101 elderly 
persons in homes or foundations (36 % males and 64 % females). The single center 
for the elderly in Samut Prakan province catered only for males.

      Prisoners 

 There were 21 prisons and correctional facilities/institutions within the study area. 
Table  11.14  shows the number and types of prison and correctional institutions 
within the six provinces under investigation. As of February 2015, Bangkok 
Metropolitan Province had 8 prisons located in three districts. Out of the 8 facilities 
in Bangkok, 2 facilities accommodated both male and female while 4 and 2 facili-
ties housed male and female prisoners separately. In Nonthaburi, the only two prison 
facilities available accommodated only males. In Samut Prakan, Nakhon Pathom, 
and Samut Sakhon provinces, there were no separate facilities/institutions for male 
and female prisoners.

   Table 11.14    Number of prison and correctional institutions by type   

 Facilities for 
male only 

 Facilities for 
females only 

 Facilities for both 
males and females 

 Total number of 
prison facilities 

 Bangkok  4  2  2  8 
 Nonthaburi  2  0  0  2 
 Pathum Thani  2  1  3  6 
 Samut Prakan  0  0  2  2 
 Nakhon Pathom  0  0  2  2 
 Samut Sakhon  0  0  1  1 

   Table 11.13    Elderly persons in homes/foundations by province and by gender   

 Province 
 Homes/centers/ 
foundations (n)  Male (n)  Male (%)  Female (n)  Female (%)  Total 

 Bangkok  4  84  21  310  79  394 
 Pathum Thani  1  36  36  65  64  101 
 Samut Prakan  1  36  100  0  0  36 
 Nakhon 
Pathom 

 2  27  25  80  75  107 
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   Table  11.15  shows the number and proportions of prisoners by gender. The data 
includes numbers for convicted prisoners, prisoners during appeal, inquiry and 
investigation, as well as young prisoners in youth detention centers. Only one prison, 
Nonthaburi provincial prison, accommodated prisoners aged less than 15. Across all 
the provinces, female prisoners constituted less than 20 % of the total prisoners. Out 
of a total of 76,418 prisoners, Bangkok had the highest number (36,217), followed 
by Pathum Thani (18,689), and Samut Sakhon had the least (3352).

      Orphans in Residential Care/Orphanages 

 As of July 2013, there were 2 homes for orphaned children in Bangkok with a total 
of 125 boys and 360 girls. Nonthaburi province had 4 homes with a total of 855 
children, whereas Pathum Thani province had 583 orphaned children from 3 homes. 
Table  11.16  gives a summary of the ratios and gender proportions of orphaned chil-
dren housed at orphanages within the 3 provinces.

      Schools and School Students 

 In total, there were 461 schools in the study area comprising 165 government board-
ing schools and 296 government non-boarding schools. At government boarding 
schools, the ratios of boys to girls were 1:1.16 for Bangkok, 1:1.02 for Pathum 
Thani, and 1:0.93 for Nonthaburi province. A total of 894 private schools were also 

   Table 11.15    Number and proportion of prisoners by gender   

 Male (n)  Male (%)  Female (n)  Female (%)  Total (n) 

 Bangkok  29,338  81  6879  19  36,217 
 Nonthaburi  6665  100  0  0  6665 
 Pathum Thani  15,721  84  2968  16  18,689 
 Samut Prakan  5985  85  1030  15  7015 
 Nakhon Pathom  3837  86  643  14  4480 
 Samut Sakhon  2810  84  542  16  3352 
 Total  64,356  84  12,062  16  76,418 

   Table 11.16    Orphans in residential care/orphanages   

 Province 
 Number of 
orphanages 

 Range 
of ages  Boys 

 Proportion 
of boys (%)  Girls 

 Proportion 
of girls (%)  Total 

 Ratio 
of boys 
to girls 

 Bangkok  2  5–18 
years 

 125  26  360  74  485  1 : 2.9 

 Nonthaburi  4  0–18 
years 

 578  68  277  32  855  1 : 0.5 

 Pathum 
Thani 

 3  0–18 
years 

 357  61  226  39  583  1 : 0.6 
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identifi ed in the study area. Out of the 531 students at private boarding schools in 
Nonthaburi province, 85.5 % were girls, giving a boy to girl ratio of 1:5.9.  

   Government Schools 

 In total, there were 461 schools in the study area comprising 165 government board-
ing schools and 296 government non-boarding schools. Table  11.17  summarizes the 
number and gender proportions of students at government boarding schools.

      Private Schools 

 A total of 894 private schools were identifi ed in the study area. This included seven 
schools that were unreachable and one school that was closed at the time of data 
collection. The majority (858) of the private schools were non-boarding. Out of the 
531 students at private boarding schools in Nonthaburi province, 85.5 % were girls, 
giving a boy to girl ratio of 1: 5.9. Similarly, there were more girls enrolled at pri-
vate boarding schools in Bangkok province (63 % for girls versus 37 for boys) as 
shown in Table  11.18 . However, in Pathum Thani 64.7 % of the private boarding 
students were boys.

   Table 11.18    Students at private boarding schools   

 Province 

 Number 
of boarding 
schools 

 Number 
of boys 

 Proportion 
of boys 

 Number 
of girls 

 Proportion 
of girls 

 Total 
number 
of 
students 

 Ratio of 
boys to 
girls 

 Bangkok  23  1517  37  2611  63  4128  1:1.7 
 Nonthaburi  3  77  14.5  454  85.5  531  1:5.90 
 Pathum Thani  2  123  64.7  67  35.3  190  1:0.54 

   Table 11.17    Students at government boarding schools   

 Province 

 Number 
of 
boarding 
school 

 Number 
of boys 

 Proportion 
of boys (%) 

 Number 
of girls 

 Proportion 
of girls (%) 

 Total 
number 
of 
students 

 Ratio of 
boys to 
girls 

 Bangkok  75  5181  46.37  5993  53.63  11,174  1:1.16 
 Nonthaburi  26  687  51.81  639  48.19  1326  1:0.93 
 Pathum Thani  64  3378  49.56  3438  50.44  6816  1:1.02 
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11.2.3.8         Vector-Borne Diseases 

 The annual incidence for both dengue hemorrhagic fever (DHF) and malaria was 
calculated per 10,000 population for three provinces – Bangkok, Nonthaburi, and 
Pathum Thani for the period from 2008 to 2012. Annual incidence for the period 
under review ranged from a low of 3.90 cases/10,000 population for Pathum Thani 
in 2009 to a high of 23.55/10,000 for Nonthaburi in 2008. Annual incidence for 
malaria is signifi cantly lower than DHF in all the three provinces under study. All 3 
provinces recorded less than 1 case per 10,000 population. The highest (0.33/10,000) 
for the 5 years was recorded for Pathum Thani in 2008, while the lowest (0.04/10,000) 
was recorded in Nonthaburi in 2011.   

11.2.4     Discussion and Conclusion 

 Bangkok province had a population greater than that of the other fi ve provinces 
combined. Overall, there were more females than males in each of the provinces. 
While there are no universal standards for assessing the suffi ciency of the health 
workforce, it had been estimated that countries with less than 23 health-care profes-
sionals (counting only physicians, nurses, and midwives) per 10,000 population will 
unlikely be able to achieve adequate coverage rates for the key primary health-care 
interventions prioritized by the Millennium Development Goals (World Health 
Organization  2009b ). All six provinces fall way too short of this WHO standard, 
and the health workforce densities are even lower than the Southeast Asia regional 
estimates of 5 physicians per 10,000 and 12 nurses per 10,000 (World Health 
Organization  2009b ). Hospital beds on the other hand are used to indicate the avail-
ability of inpatient services, but again, there is no global norm for the density of 
hospital beds in relation to total population (World Health Organization  2009b ). 
The numbers of available hospital beds too are below the Southeast Asia regional 
estimates. 

 We observed that none of the six hospitals (from Tambon to Provincial level) had 
an emergency preparedness and response plan that included standard operational 
procedures (SOPs). In addition, training of staff on emergency preparedness and 
response targeted different cadres at different hospitals. It is true that discrepancies 
on the types of public health emergency resources exist both between hospitals at 
the same level and hospitals at different levels. In addition, a considerable number 
of non-hospital institutions in the study area were not fully equipped with the neces-
sary public health emergency resources to enable them respond effectively to disas-
ter situations. However, hospitals at all levels had emergency plans in place outlining 
emergency management, mass casualty management, as well as evacuation proce-
dures. Conclusively, it can be inferred from this preceding discussion that the six 
provinces under study may not be capacitated well enough to effectively and effi -
ciently meet the public health needs of their target population in the event of an 
unprecedented catastrophe.      
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    Chapter 12   
 Climate Change and Health Impacts 
in Bangladesh       

       K.     Maudood     Elahi    

    Abstract     There is increasing evidence that global climate change will have adverse 
effects on human health, mainly among the poorest population of the developing 
countries. Bangladesh may experience some of the more severe impacts because of 
its characteristic climatic and geographical conditions, coupled with high popula-
tion density and poor health infrastructure. Many of the climatic events would make 
the climate change-induced health impacts worse as a result of newer environmental 
threats, such as changes in microclimate, erratic climatic behavior, and salinity 
intrusion in soil and water. This paper identifi es some of the possible direct and 
indirect impacts of climate change on health condition of Bangladesh. In identify-
ing such impacts, secondary sources of information have been widely reviewed. It 
has been seen that even though climate change-induced health impacts have been 
gaining importance in Bangladesh, there is still a lack of research and capacity in 
this fi eld and its ever-increasing level of vulnerability of the people. Linkage 
between climate change and the increased incidences of disease, rate of mortality, 
and availability of safe water has not yet received the proper focus it requires.  

  Keywords     Climate change   •   Contamination   •   Drought   •   Food security   •   Heat stress   
•   Salinity intrusion  

12.1       Introduction 

 Today, the world is already experiencing various impacts of climate change. 
These are refl ected through melting glaciers on high hills and subarctic areas to 
perch lands, fl oods, and cyclone disasters. The changing climates are changing all 
forms of lives in many countries – and perhaps forever. Therefore, climate change 
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is considered as the single most important challenge of this century. This is more so 
for countries like Bangladesh, Sri Lanka, India, Maldives, Solomon Island, Vanuatu, 
and other small low-lying island states and coastal communities around the world. 
Bangladesh will be severely affected by inundation of land and resultant displace-
ment of population. 

 The scenario for Bangladesh is very scary to say the least. It is the most densely 
populated deltaic country in the world with low-lying coastal zone, which has been 
repeatedly devastated by tropical cyclone. For Bangladeshis – who are habitually 
geared for tragedy – the experiences of 2007 fl oods, followed by devastating 
cyclone,  Sidr , are still very vivid in their memories. Historically, Bangladesh used 
to endure a big fl ood every 10 years or so. Now, such devastating fl oods and cyclones 
are likely to be regular event every year due to global warming and changes in the 
climatic pattern. With these, a range of health-related problems is bound to follow 
as a set pattern for this country ( Zaman et al. n.d. ). 

 About 23 % of the country’s area is critically vulnerable due to sea-level rise and 
will be permanently fl ooded, according to many experts, by 2050 displacing an esti-
mated 25 million people. At the same time, the northwestern region will be subject 
to scarcity of water leading to drought and changing in hydrological regime creating 
untold misery, including affecting food security and agricultural production. 
Bangladeshi scientists estimate that approximately 40 % of crop yield will be 
reduced by 2050 due to climate change or variability. Both fi shery and forestry will 
likewise be immensely affected. Climate change is also likely to have wide-ranging 
adverse impacts on human health and well-being. Decreased availability of potable 
water due to raising salinity will be responsible for increased illness and death, while 
many infectious diseases, including malaria and dengue, could rise due to climate 
change. In sum, these cumulative factors, associated with weak infrastructure, poor 
governance, and lack of resources, will lead to greater risks in the future, to say the 
least. A recent World Bank study (cited by Islam  2008 ) revealed that about 4 % of 
the GDP is being eroded by environmental degradation in Bangladesh annually.  

12.2     Climate Change, Sea-Level Rise, and Bangladesh 

 One of the reasons for defi ning disasters in Bangladesh in terms of health issues is 
that Bangladesh has emerged as one of the world’s predicted hot spots for potential 
tropical diseases due to climate change. Bangladesh is particularly vulnerable to 
sea-level rise because of the compounding effects of global warming and land sub-
sidence due to removal of groundwater and the weight of accumulation of huge 
quantities of river sediments in the Ganges-Brahmaputra-Meghna (GBM) river sys-
tem, estimated at between 0.5 and 2 billion metric tonnes per year (Ahmed  2006 ). 
The most recent projections by the Intergovernmental Panel on Climate Change 
(IPCC) estimate global sea-level rises within the range of 0.18 to 0.59 m (IPCC 
 2007 ). These estimates are considerably lower than that of the fi rst IPCC 
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assessment in 1990 (70 cm by 2100) but are more consistent with recent fi ndings by 
Church and White ( 2006 ) and Church et al. ( 2004 ,  2006a ,  b ). Much more cata-
strophic projections (exceeding a rise of 1 m by the end of 2100) by a group of non-
IPCC scientists are based on computer simulations of accelerations of glacier 
melting (Munro  2006 ; Hansen  2007 ). Even with a conservative estimate of 70 cm of 
sea-level rise (the maximum projection of the fi rst IPCC assessment), Bangladesh is 
likely to experience a sea-level rise of up to 1.9 m by 2100, largely because of the 
remaining contribution by land subsidence (Houghton  2004 ). 

 Since the 2007 IPCC assessment projects about 10 % lower sea levels than in its 
fi rst assessment, thus prorated, Bangladesh is still expected to experience a sea-level 
rise of about 1.7 m by the end of this century. This amounts to a rate of 1.7 cm or 
0.66 in. of rise per year.

Expressed in this manner, this may not sound alarming, but in a low-lying coastal 
environment with extremely gentle slopes, about one-fi fth of the land area of 
Bangladesh is at risk of inundation (Houghton  2004 ). Estimates of the number of 
people that would be displaced by inundation of one-fi fth of Bangladesh range from 
15 million to as high as 25–35 million (Nicholls and Mimura  1998 ; Rabbani et al. 
 2010 ). Notwithstanding such divergence in estimates, large- scale population dis-
placement and associated socioeconomic and health problems due to sea-level rise 
is a disaster-in-waiting for Bangladesh as it is the most anticipated impact of climate 
change in this low-lying country. However, the health issues as an inevitable conse-
quence of the climate change and sea-level rise has not so far been addressed to in-
depth in the existing literature. The National Adaptation Program of Action (NAPA) 
of the Government of Bangladesh does not shed much light on this particular prob-
lem either (MoEF  2010 ).  

12.3     Climate Change, Sea-Level Rise, and Health Issues 

 There is increasing evidence that global climate change will have adverse effects on 
human health, mainly among the poorest population of the developing countries. 
Bangladesh may experience some of the more severe impacts because of its charac-
teristic climatic and geographical conditions, coupled with high population density 
and poor health infrastructure. Many of the climatic events would make the climate 
change-induced health impacts worse. For example, in 2004, about 50 % of the total 
land mass of the country was inundated for nearly 2 months, while in 1998, fl ood 
affected approximately 30 million people in 52 out of 64 districts of the country. At 
the same time, a large number of people are annually affected by coastal cyclones 
leading them to lead economic deprivation affecting their nutritional level and gen-
eral health. Thus, such high degrees of “vulnerability” to the impacts of climate 
change make the population particularly susceptible to adverse health impacts and 
threaten development achievements (Khan et al.  2011a ,  b ). 

 Such vulnerability conditions are directly linked with some human health prob-
lems as a result of newer environmental threats, such as changes in microclimate, 
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erratic climatic behavior, and salinity intrusion in soil and water. This paper 
 identifi es some of the possible direct and indirect impacts of climate change on 
health condition of Bangladesh. In identifying such impacts, secondary sources of 
information have largely been reviewed. 

12.3.1     Climate Change and Health: Some Generalizations 

 As indicated above, climate change affects human health both directly and indi-
rectly as people get exposed to some of the key weather elements (temperature, 
precipitation, air mass, etc.) directly and indirectly through changes in the quality of 
water, soil, given ecosystems, agriculture, industry, human settlements, and nature 
of health infrastructure. Such exposures in varying degrees can cause disability and 
sufferings – even death. Further, health problems can increase vulnerability and 
reduce the capacity of individuals and/or groups to adapt to climate change. At pres-
ent the impacts of climate change are rather subtle to observe, but the IPCC has 
projected a progression in health hazards for all regions of the world. The IPCC 
( 2007  quoted by Rahman  2008 ) has observed some emerging evidence of climate 
change affecting human health as:

 –    Altered the distribution of some infectious disease vectors  
 –   Altered seasonal distribution of some allergic pollen species  
 –   Increased heat wave-related deaths    

 Systematic reviews of empirical studies provide the best evidence for the rela-
tionship between health and weather or climate factors, but such formal reviews are 
rare. The evidence published so far indicates that:

 –    Climate change is affecting the seasonality of some allergic species as well as the 
seasonal activity and distribution of some disease vectors.  

 –   Climate plays an important role in the seasonal pattern or temporal distribution 
of malaria, dengue, tick-borne diseases, cholera, and other diarrhea diseases.  

 –   Heat waves and fl ooding can have severe and long-lasting effects.    

 Most importantly, waterborne diseases will pose a major public health concern in 
the country with changes in climate factors in terms of yearly maxima and minima 
as observed by a study conducted by Bangladesh Center for Advanced Studies 
(BCAS) and National Institute of Preventive and Social Medicine (NIPSOM) with 
support from Climate Change Cell of the Environment Directorate of the Government 
of Bangladesh. The study was conducted in three climatic zones, i.e., drought prone 
(Rajshahi), fl ood prone (Manikganj), and coastal zone (Satkhira) (Climate Change 
Cell  2009 ). According to the study, climatic factors are associated with malnutrition 
problems. Incidence of diarrhea was found to have positively correlated with annual 
rainfall in Rajshahi and Satkhira districts. Total monsoon rain was also found to 
have positively correlated with incidence of rainfall. In contrast, dry season rainfall 
was found to have positive correlation with Manikganj area. Skin diseases and 
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 malnutrition were also found to be positively correlated with temperature differen-
tials in both Rajshahi and Satkhira and negatively correlated in Manikganj area. The 
study also shows that the climatic factors of Satkhira are sensitive to diarrhea, skin 
diseases, and malnutrition as they are positively correlated with at least one of the 
climatic variables. Rainfall variations came next as the main cause of such diseases 
and are followed by natural hazards and other disorders (UNB  2009 ). However, 
these fi ndings should be viewed with caution as simple statistical correlation does 
not imply any causal relationship between variables under consideration as there are 
other elements that could have interventions, including access to health infrastruc-
ture, with human health and diseases in a given area.   

12.4     Climate Change and Diseases Scenario 

 In the early 1990s, there was little awareness of health risks posed by global climate 
change. Broadly a change in health conditions can have three kinds of health 
impacts:

•    Impacts on human health directly by weather extreme (death, injury by fl ood, 
storm)  

•   Indirect impacts through changes in the range of disease vector-borne and water-
borne pathogens  

•   The health consequences of various processes of environmental and ecological 
disruption that occur in response to climate change    

 Over the years it has been suggested that changes in the incidences of diseases 
and other health problems related to climate and environmental changes have 
occurred. Vector-borne and waterborne diseases have been on the rise along with 
the increased shortage of freshwater supply and sanitation. Even though it has been 
recognized that climate change affects the health sector as much as the other sectors, 
climate change-related health problems have been virtually ignored. Research in 
this area has been very limited, and there has been no study to fi nd out the extent of 
impact climate change has had on health-related issues (IIED and BCAS  2008 ). 

 According to the World Bank (2000 quoted by Rahman  2008 ), Bangladesh is 
vulnerable to outbreaks of infectious, waterborne, and other types of diseases. 
Available information shows that the incidence of malaria has increased from 1,556 
cases in 1991 to 15,375 in 1981 and from 30,282 cases in 1991 to 42,012 in 2004 
(Elahi and Sultana  2010 ). Other diseases, such as dengue, diarrhea, dysentery, and 
other gastroenteric diseases, are also on the rise especially during summer months 
when humidity is high and monsoon rains break in (MoEF  2005 ) (Table  12.1 ). 
Other high-temperature and rainfall-related diseases on the increase are dehydra-
tion, malnutrition, and heat-related morbidity mainly among children and aged 
population groups. These diseases are also linked to some environmental condi-
tions, like water supply, sanitation, and seasonal food habits.
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   Streatfi eld ( 2012 ) followed the framework for Climate Change-Health Research 
of the WHO projects’ impacts of climate change that indicated increase of global 
temperature (relative to preindustrial) ranging from 0 to 5 °C and identifi ed fi ve 
major areas, i.e., food, water, ecosystems, extreme weather events, and risk of 
abrupt and major irreversible changes. Consequently, with above 3 °C changes in 
temperature, each of the above areas will lead to falling crop yield particularly in 
developing regions and also falling yields in many developed regions, and many 
major cities will be threatened by sea-level rise, extinction of increasing number of 
species, rising intensity of climatic events, and increasing and abrupt risks of large- 
scale shifts in the climate system, respectively (Streatfi eld  2012 ). Most of these will 
directly impact on human health conditions in Bangladesh. Such a situation is now 
already emerging in Bangladesh in terms of increased incidence of infectious dis-
eases which may be termed as the  direct impacts  of climate change. These are 
briefl y discussed below: 

  Malaria     About 15 million people are now at risk of malaria attack, and according 
to the Ministry of Health and Family Welfare (GoB  2011 ), 37 deaths were reported, 
but the “actual cases may be 5,000 to 10,000” (Streatfi eld  2012 ). The most affected 
areas are in the northeastern and southeastern parts of Bangladesh (Elahi and 
Sultana  2010 ). Many parasites prefer 24–26 ° C and mosquitoes ( Plasmodium fal-
ciparum ) like similar range (above 20 °C). A study was conducted in Rangamati, 
Sylhet, and Faridpur districts over the period 1972–2002 to observe the impacts of 
climate change on public health especially on malaria. The climate-related variables 
included were temperature, rainfall, and relative humidity. It was observed that with 
the rise of yearly average maximum temperature, yearly total rainfall, and yearly 
average humidity, malaria prevalence in Rangamati has increased, and with the rise 
of yearly average maximum and minimum temperature in Sylhet and Faridpur, 
malaria prevalence was also increased. Yearly average minimum temperature in 
Rangamati, yearly total rainfall in Sylhet and Faridpur, and yearly average humidity 
in Faridpur were found to be negatively correlated with malaria prevalence (Amin 
et al.  2011 ).  

  Dengue     The rise in average temperature and increased instances of waterlogging 
due to fl oods has increased the population of mosquitoes in some tropical countries. 
The Bangladesh National Adaptation Program of Action (NAPA) noted the increas-

   Table 12.1    Incidence of some climate-induced diseases in Bangladesh   

 Diseases  Period  Total cases  Average annual cases 

 Diarrhea  1988–2005  48,302,636  2,842,273 
 Skin diseases  1988–1996  23,697,833  2,623,092 
 Malaria  1974–2004  1,018,671  33,956 
 Mental disorder  1988–1996  201,881  22,431 
 Dengue  1999–2005  19,830  3,305 

  Source: WHO (2006), Director-General, Health, GoB (1996, 1997), MoEF ( 2005 ) (After 
Rahman( 2008 ))  
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ing trend and variation of dengue outbreaks are consistent with the corresponding 
trend and variation of temperature, which indicates that the anticipated future warm-
ing in Bangladesh might enhance the dengue occurrence (MoEF  2005 ). Dengue is 
a viral febrile illness that is also transmitted by mosquito vectors ( Aedes aegypti ). 
Outbreaks of dengue have become frequent in recent years for a number of reasons. 
Almost all ages and both sexes are susceptible to dengue. Dengue transmission 
occurs during the rainy season of the year. Since July 2000 there had been four out-
breaks of dengue in the Dhaka City, and cases had also been reported from other big 
cities of different parts of the country (Dhaka, Chittagong, Khulna, Rajshahi) (IIED 
and BCAS  2008 ). Dengue fever is showing a fl uctuating trend – 6,000 cases with 58 
deaths in 2002 and 500 cases with 0 deaths in 2007. But there was a trend of dengue 
outbreaks in every 2 years. An increase of 3° to 4 ° C of temperature may double the 
reproduction of  Aedes aegypti  mosquito – the carrier of dengue – and there is no 
vaccine yet to treat this disease.  

  Kala-azar     In Bangladesh kala-azar had almost disappeared in the late 1970. But it 
reappeared sporadically and an increase of kala-azar cases reported during 1982–
1988. During the last few years, cases have been increasing but the reasons for this 
are not clear. The disease pattern is extremely localized with most cases reported 
from rural areas, a familial and contiguous household clustering pattern among the 
lower socioeconomic groups (IIED and BCAS  2008 ). There was an incidence of 
kala-azar in only 8 upazilas (out of 509) in 1981–1985, it increased to 105 in 2011, 
and a total of nearly 9,000 cases were detected causing 15–30 deaths per year. As 
the surveillance is weak, the estimated cases will be about 45,000 (Streatfi eld  2012 ). 
Female sand fl ies ( Phlebotomus argentipes ) carry the parasitic protozoa ( Leishmania 
donovani ) whose favorite habitats are river embankments and crevices in mud 
houses and in weeds/vegetation around houses. The prevalence of kala-azar is 
expected to rise with temperature as well as erratic rainfall due to global warming 
affecting this part of the world.  

  Diarrhea and Cholera     Diarrhea, the most common disease in Bangladesh, 
accounts for about 16 % of total morbidity. The transmission of disease is associ-
ated with poor hygiene and inadequate access to water and sanitation and a warmer 
and humid environment. In the summer months, the incidences increase. Diarrhea 
and cholera epidemics are often reported in Bangladesh, and especially the children 
are affected by excessive heat, fl oods, waterlogging, lack of safe drinking water, etc. 
The proportional morbidity rate due to diarrhea disease has decreased in Bangladesh 
ranges from 17.5 % (1992) to 14.2 % (1996). The most vulnerable groups to diar-
rhea which ranged are children under fi ve. Of them, infants had relatively high 
proportional morbidity due to diarrhea (IIED and BCAS  2008 ). A warmer water 
body is favorable to the growth of cholera pathogen in blue-green algae and cope-
pods which explains the endemic nature of the disease in the Ganges fl oodplain in 
Bangladesh. A Bangladesh study found that abundance of  V. cholera 01  increases 
with copepods which feed on phytoplankton in coastal waters (Colwell 1996; 

12 Climate Change and Health Impacts in Bangladesh



214

Pascual et al. and Rodo et al.  Science , 2000 as quoted by Streatfi eld  2012 ). No won-
der cholera is quite endemic along a wide belt of coastal Bangladesh.  

  Drought-Related Ailments     There has been an increasing trend of erratic climatic 
behavior in Bangladesh refl ected through shifts in seasonal pattern in terms of 
change in rainfall regime and localized drought condition. The effects of drought on 
health include malnutrition, various infectious diseases, and respiratory diseases 
(Menne and Bertillini  2000 ). Because of the loss of productivity of land and loss of 
crops due to drought, it will reduce dietary diversity and negatively affect overall 
food intake and may therefore lead to malnutrition and/or nutrition-related diseases. 
A study by Aziz et al. ( 1990 ) in Bangladesh has found that drought and lack of food 
were related with an increased risk of mortality from diarrhea illness.  

  Heat Stress     Globally cities are experiencing “urban heat island effect” with higher 
temperature than the surrounding areas. Most major cities of Bangladesh are also 
experiencing the same effect. Again, some parts of northwestern (i.e., Rajshahi, 
Naogaon) and southwestern (Kushtia, Satkhira) Bangladesh experience extremely 
high summer temperature – often reaching a maximum of around 38° to 42 °C. The 
heat index analysis from 1961 to 2010 portrays signifi cant amount of change in both 
temperature and relative humidity in the past 20 years. Table  12.2  summarizes 
observed change in temperature over Bangladesh. Both the temperature and humid-
ity are showing increasing trends in almost all parts of Bangladesh except that the 
SWR is showing decrease of humidity. It is decreasing up to 0.16 %. In the NWR, 
the increase of maximum temperature in recent years is quite considerable. On the 
other hand, comparatively small increase of temperature is observed in the very 
region in case of mean temperature. The changes of mean maximum temperature in 
SWR (+0.650 °C), mean temperature in ER (+0.550 °C), and humidity in NWR and 
CR (+4.3 % and +4.2 %, respectively) between the period range of 1961–1990 and 
1991–2010 are very signifi cant (Rajib et al.  2011 ).

    It is believed that the global warming is responsible for the remarkable increase 
of maximum and mean temperature during summer in Bangladesh (and the adjoin-
ing areas in West Bengal in India). The mean heat index value ranges from 42° to 
59 °C in different parts of the country. Besides adverse climatic condition, environ-
mental pollution and the erratic pattern of rainfall result in noticeably rising trend of 
humidity in northwest, central, and eastern parts of the country. Consequently, both 
heat and humidity levels play signifi cant role to physical discomfort and diseases 
for many people (Rajib et al.  2011 ). But most observable health ailments are 
refl ected through dehydration, heat stroke/exhaustion, and aggravation of cardio-
vascular diseases in elderly people and reduced work capacity and productivity. 

  Water and Food Contamination     With the change in the pattern of temperature 
and precipitation with climate change, the waterborne and food-borne diseases will 
increase. In general, increased temperature results in higher pathogen replication, 
persistence, survival, and transmission for bacterial pathogens and has mixed effects 
on viral pathogens but often reduces the overall transmission rate ( MoEF n.d. ).  
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 Higher temperature produces a greater number of waterborne and food-borne 
parasitic infections, and overall increased rainfall is associated with increased  burdens 
of disease for bacteria, viruses, and parasites though the causes of these increases 
differ by pathogen and ecological setting. On the other hand, changes in rainfall pat-
terns are likely to compromise the supply of safe water, thus increasing the risk of 
waterborne diseases. They are also associated with fl oods and waterlogging that 
increase the incidence of diarrhea, cholera, skin, and eye diseases (Rahman  2008 ). 

 Apart from the above diseases, other conditions having bearing on human health 
are related to displacement of population due to various climatic disasters associ-
ated with global warming and sea-level change triggering off, what may be called, 
“climate refugees.” Such a situation would cause social disruption and confl icts, 
unemployment, and economic uncertainty leading to anxiety syndrome and mental 
instability (Khan  2010 ). Thus, there will be a number of  indirect impacts  or slow 
onset of a number of health conditions due to climate change. Some of these are: 

  Physical Injury and Chronic Stress     Extreme climate events and inevitable 
impacts of climate change, in the form of fl ood, torrential rain, cyclone, and tropical 
storms – often with salinity intrusion into coastal and its inland fringe areas – are 
likely to cause physical injury to loss of lives. Very recently, the super cyclone – 
 Sidr  – killed thousands of people and made millions homeless rendering them to 
experience physical stress and mental agony. Acute and chronic disorders, like post- 
traumatic stress disorders (PTSD), may occur in which a person experiences emo-
tional numbness or withdrawal syndromes, fl ash back of traumatic events, extreme 
form of anxiety, chronic depression, etc. Such conditions have been observed in the 
cyclone-affected areas and in areas prone to riverbank erosion. A report by the 
Climate Change Cell of Department of Environment, GoB, indicates that the annual 
rate of mental disorder was 22,431 in Bangladesh (quoted by Khan  2010 ).  

   Table 12.2    Observed change in temperature and humidity by region in Bangladesh   

 Years  NWR  SWR  CR  ER 

  Mean maximum temperature  
 1961–1990  32.970C  32.80C  31.760C  31.330C 
 1991–2010  33.470C  33.450C  32.280C  31.730C 
  Change    +0.50  ° C    +0.650  ° C    +0.520  ° C    +0.40  ° C  
  Mean temperature  
 1961–1990  28.370C  28.80C  27.90C  27.320C 
 1991–2010  28.520C  29.210C  28.240C  27.870C 
  Change    +0.150  ° C    +0.410  ° C    +0.340  ° C    +0.550  ° C  
  Humidity (%)  
 1961–1990  81.50  85.78  80.40  84.97 
 1991–2010  85.00  85.64  83.80  85.10 
  Change    +4.3 %    −0.16 %    +4.2 %    +0.15 %  

  Source: Rajib et al. ( 2011 ) 
  NWR  northwestern region,  SWR  southwestern region,  CR  central region,  ER  eastern region  
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  Domestic Violence     Any environmental disaster is likely to cause frustration and 
anger due to loss of economic and social status. The climate change-induced disaster, 
like fl ood, drought, and cyclone, causes food scarcity, hunger, and malnutrition and 
leads to PTSD mostly among household heads, women, and female-headed mem-
bers due to mental agony and depression as a result of fi nancial hardship. These are 
manifested through domestic violence, family breakups, and often suicide.  

  Health Hazards due to Groundwater Depletion     The risks of human health in 
countries of climate change exposure are multifarious. Importantly, drainage con-
gestion and standing water will increase the likelihood of potential outbreaks of 
cholera and other waterborne and diarrhea diseases in the fl oodplain areas of 
Bangladesh. The pressure on the availability and access to safe water, in particular 
during the dry season or in draught condition, and the increasing dependence on 
groundwater are an additional threat.  

 The Global Agriculture Information Network claims that increasing HYV rice 
(Boro) is causing Bangladesh’s water table to drop by 4–5 ft annually. Climate 
change is likely to bring more extreme events, possibly including a failure of the 
monsoon in South Asia, while IFPRI simulates an extended drought beginning in 
2030 and continuing through 2035. Such a situation will hamper food production in 
the face of increasing population, demand for more food, and accelerating food 
price (Rahman  2012 ). The inevitable result of this situation will be a widespread 
malnutrition among the middle- and low-income groups of population in the coun-
try resulting increased morbidity situation. Further, the pressure irrigation for agri-
cultural production will lead to water crises particularly in the drought-prone areas 
in northwestern Bangladesh. Such a situation may very well negatively impact upon 
food security. 

  Impact on Air Quality     Climate change can contribute to some air quality prob-
lems. Respiratory disorders may be exacerbated by frequency of smog (ground- 
level ozone) events and particulate air pollution particularly in dry seasons (IPCC 
 2007 ). This can damage lung tissue and is especially harmful for those with asthma 
and other chronic lung diseases ( MoEF n.d. )  

  Health Hazards Due to Salinity Intrusion     Sources of safe water supply in coastal 
Bangladesh have been contaminated by varying degrees of salinity intrusion from 
rising sea levels, cyclone, storm surges, and transgression of tidal water through 
river inlets and upstream withdrawal of freshwater. On the other hand, in southern 
and coastal Bangladesh, a widespread intrusion of salinity into water and soil has 
already affected crop production and cropping practices to a great extent. The situ-
ation has further been aggravated with the increasing withdrawal of groundwater 
further inland. It is thought that this salinity intrusion problem will aggravate health 
condition related to hypertension and pre-eclampsia in pregnancy (Streatfi eld  2012 ).  

 Water salinity data for Dacope, a rural area in coastal Bangladesh, were collected 
by the Environment and Geographic Information System (EGIS) during 1998–2000, 
and information on drinking water sources from 343 pregnant women through 24-h 

K.M. Elahi



217

surveillance of urine samples, blood pressure monitoring during dry season 
(2009–2010), and hospital-based prevalence of hypertension in pregnancy for 969 
women (2008–2010). The average estimated sodium intakes from drinking water 
ranged from 5 to 16 g/day in dry season compared with 0.6 to 1.2 g/day in rainy 
season. Average daily sodium excretion in urine was 3.4 g/day (range, 0.4 to 7.7 g/
day) (Khan et al.  2011a ,  b ). It may be mentioned that as per WHO and FAO, the 
current dietary intake of sodium is 2 g/day (<85 mmol/day) (Nishida et al.  2004 ), 
but in coastal Bangladesh, the mean sodium intake in pregnant women is well above 
this level. 

 The annual hospital prevalence of hypertension in pregnancy was higher in the 
dry season (odd ratio, 12.2 %) that in the rainy season (odd ratio, 5.1 %) with high 
confi dence level. Evidently these health-related conditions are likely to be exacer-
bated by climate change-induced sea-level rise. Hypertension in pregnancy is asso-
ciated with increased rates of adverse maternal and fetal outcomes, both acute and 
long term, including impaired liver function, low platelet count, intrauterine growth 
retardation, preterm birth, and maternal and perinatal deaths (Sibai  2002 ), The 
adverse outcomes are substantially increased in women who develop pre-eclampsia 
(see above). At the same time, with the increased density and distribution of salinity, 
cholera germs are getting favorable habitat and spreading in the coastal area ( MoEF 
n.d. ). 

  Food Security and Health     In Bangladesh, food security is increasingly being 
adversely affected by extreme climatic events. Such a situation develops with the 
fall of income and rise in expenditure, loss of assets and often land through repeated 
disasters (mainly fl ood, coastal inundation, and bank erosion), and burden of loan 
repayments at household level. As such most low-income households fall into a 
process of pauperization as they reduce regular consumption of food, and the eroded 
livelihoods expose people to increased health risks. While the impoverishment is 
exposing the poor more to the adverse impact of climate change, this also bars 
people from prioritizing their health needs (Alamgir et al.  2011 ). On the other hand, 
some of the major riverbeds experience excessive sedimentation. This further aggra-
vates the impact of sea-level rise upstream and increases the risk of local fl ooding 
and increased salinity moving further inland upstream resulting in restricted drink-
ing water supply and crop failure in many areas. Such conditions lower the nutri-
tional status as well as various health problems among the affected population.   

12.5     Concluding Remarks 

 Bangladesh is already vulnerable to vector-borne and waterborne diseases, and over 
the years, their prevalence has shown an upward trend. Thus, diseases like malaria, 
diarrhea, and cholera are also on the increase especially during the summer and 
monsoon/rainy months. Climate change is also bringing about additional stresses 
like dehydration, malnutrition, and heat-related morbidity especially among chil-
dren and elderly populations. These problems are thought to be closely interlinked 
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with water supply and sanitation issues as well. Climate change has already been 
linked to salinity intrusion from coastal areas to inland and subsequently leading to 
land degradation, groundwater contamination, and biodiversity loss and ecosystem 
damage. Changes in the above factors have direct impact on human health as well. 
Development of a nation is highly dependent on the health of the people. Bangladesh 
already carries the burden of high population and is characterized by natural disas-
ters, diminishing and limiting natural resources, and the further burden of increased 
health problems will push back its development achievements. 

 Even though climate change-induced health impacts have been gaining impor-
tance in Bangladesh, there is still a lack of research and capacity in this fi eld and its 
ever-increasing level of vulnerability of the people. Linkage between climate change 
and the increased incidences of disease, rate of mortality, and availability of safe 
water has not yet received the proper focus it requires. On the whole climate change 
is expected to present increased risks to human health in Bangladesh, especially in 
the light of the country’s overall socioeconomic infrastructure and development 
(World Bank  2012 ). With the increased health risks, the expenditure on public 
health infrastructure will have to be enhanced by the government from now on. 

 In view of the above, the impacts of climate change on health would most likely 
depend upon the success to adapt to various aspects of climate change. And in par-
ticular, they would depend upon improved health infrastructure including health 
care and delivery systems, supply of safe drinking water, and improved sanitation 
that has to be included within the national climate change adaptation policy in a 
substantial way right now.     
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    Chapter 13   
 Health Adaptation Scenario and Dengue Fever 
Vulnerability Assessment in Indonesia       

       Budi     Haryanto     

    Abstract     Climate change is a serious challenge we are currently facing, as the 
impacts have already been occurring. Indonesia’s geographic and geological char-
acteristics are also easily affected by climate change, natural disasters (earthquakes 
and tsunamis), and extreme weather (long drought and fl oods). Its urban areas also 
have high pollution levels. Much evidence can be seen, ranging from an increase in 
global temperature, variable season changes, extremely long droughts, high inci-
dences of forest fi res, and crop failures. This paper describes some evidences of 
climate change in Indonesia to weather disasters such as fl oods, landslides, and 
drought, burden of vector-borne diseases, air pollution from transportation and for-
est fi res, and reemerging and newly emerging diseases. An evidence of health related 
to climate is based on a vulnerability assessment for dengue fever. To respond to its 
negative impacts to human, the health adaptation strategy and efforts undertaken in 
Indonesia nowadays include the following: to increase awareness of health conse-
quences of climate change, to strengthen the capacity of health systems to provide 
protection from climate-related risks and substantially reduce health system’s 
greenhouse gas (GHG) emissions, and to ensure that health concerns are addressed 
in decisions to reduce risks from climate change in other key sectors.  

  Keywords     Climate change   •   Health impact   •   Vulnerability assessment   •   Adaptation 
strategy  

13.1       Introduction 

 Located between 06° 08’ North–11° 15’ South and 94° 45’–14° 05’ East, Indonesia 
is known as the biggest island country in the world which consists of fi ve main 
islands and 30 smaller island groups including 17, 500 islands. The total area of 
Indonesia comprises 3.1 million km 2  of ocean (62 % of the total area) and 
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approximately 2 million km 2  of land (38 % of the total area), with a coastline that 
extends to 81,000 km. If the economic exclusive zones of 2.7 million km 2  are 
included, the total jurisdiction area of Indonesia is no less than 7.8 million km 2 . 

 Indonesia’s geographic and geological characteristics are also easily affected by 
climate change, natural disasters (earthquakes and tsunamis), and extreme weather 
(long drought and fl oods). Its urban areas also have high pollution levels. 

 Climate change is a serious challenge we are currently facing, as the impacts are 
already happening. Much evidence can be seen, ranging from an increase in global 
temperature, variable season changes, extremely long droughts, high incidence of 
forest fi res, and crop failures. In Indonesia, climate change can be detected from an 
increase in temperature at a rate of 0,03 °C and an increase in rainfall of 2–3 % per 
year (Hulme and Sheard  1999 ), as well as a change in  ENSO  (El Niño Southern 
Oscillation) to 2–5 years from what was normally 3–7 years (Ratag  2001 ). This 
affects not only the environment but also public health in a global scale, both directly 
and indirectly. A drop in rainfall due to climate variability or seasonal change com-
bined with a rise in temperature has signifi cant effects on water supply (El Niño 
effect). A rise in seawater temperature has contributed to the spread of diseases such 
as malaria, dengue fever, diarrhea, cholera, and other vector-related diseases (La 
Niña years). A change in temperature, humidity, and wind speed is also contributing 
to the increase in vector population, increasing their life-span and also widening 
their spread. This in turn may intensify the occurrence of vector-related communi-
cable diseases such as leptospirosis, malaria, dengue fever, yellow fever, schistoso-
miasis, fi lariasis, and plague. 

 Extreme occurrences infl uenced by climate change in Indonesia, such as fl oods, 
hurricanes, tidal waves, landslides, droughts, and forest fi res, are happening more 
often than before. There are 300 events of extreme occurrences from January to 
August 2008, resulting in 263 deaths, 1,927 critically injured, 66,988 with mild 
injuries, 7 missing, and 92,210 refugees. Those refugees are susceptible to easily 
spreading communicable diseases, even worsened by unpredictable climate. 

 The health risks to the community due to climate change include the spread of 
diseases such as malaria, dengue fever, diarrhea, cholera, and other vector-related 
diseases. There is an increase of risks for certain populations who are more suscep-
tible to damages caused by climate change, such as the poor and the very poor 
(45.2 % from 105.3 million), coastal community (64 % of people in Java Island live 
in coastal areas), children and the elderly, farmers, traditional community, and peo-
ple living in small islands (17,500 islands). Climate change is defi nitely causing 
negative impacts on the community, with the worse to expect (Ministry of Health, 
Republic of Indonesia  2011 ). 

 The availability of relevant hydrometeorological, socioeconomic, and health 
data is limited, and available data are often inconsistent and seldom shared in an 
open and transparent manner. Furthermore, there is insuffi cient capacity for assess-
ment, research, and communication on climate-sensitive health risks in Indonesia, 
as well as insuffi cient capacity to design and implement mitigation and adaptation 
programs. However, in Indonesia, the urgent need to incorporate health concerns 
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into the decisions and actions of other sectors has been recognized since the last 
couple years, in which a scenario to mitigate and adapt to climate change, to ensure 
that these decisions and actions also enhance health, had been developed.  

13.2     Climate Health Impacts in Indonesia 

 The current and emerging climate change-related health risks in Asia and the Pacifi c 
include heat stress and water- and food-borne diseases (e.g., cholera and other diar-
rhea diseases) associated with extreme weather events (e.g., heat waves, storms, 
fl oods and fl ash fl oods, and droughts); vector-borne diseases (e.g., dengue and 
malaria); respiratory diseases due to air pollution; aeroallergens, food, and water 
security issues; malnutrition; and psychosocial concerns from displacement (WHO- 
SEARO  2007 ). Change in climate temperatures and rainfall in Indonesia is shown 
in Figs.  13.1  and  13.2 :

     The temperature in Indonesia tends to increase since 1950 to 2000 and is predicted 
to increase up to the year 2100 (Fig.  13.1 ).  

  The precipitation trend in Indonesia during 1950 to 2000 is generally increased as 
shown in Fig.  13.2 .    

 The occurrences related to climate change and its health impacts in Indonesia are 
the following: 

13.2.1     Weather Disasters: Floods, Landslides, and Droughts 

 Climate change is likely to have major effects on human health via changes in the 
magnitude and frequency of extreme events: fl oods, landslides, windstorms, and 
droughts. The effects of drought are primarily associated with food security and 

  Fig. 13.1    Temperature trends in Indonesia in 1950–2000 and its projection to 2100       
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increasing waterborne disease. Weather disasters affect human health by causing 
considerable loss of life. Extreme weather events cause death and injury directly. 
Following disasters, deaths and injuries can occur as residents return to clean up 
damage and debris. The nonfatal effects of natural disasters include physical injury; 
reduced nutritional status, especially among children; increases in respiratory and 
diarrhea diseases because of crowding of survivors, often with limited shelter and 
access to potable water; effects on mental health that may be long lasting in some 
cases; increased risk of water-related diseases from disruption of water supply or 
sewerage systems; and exposure to dangerous chemicals or pathogens released 
from storage sites and waste disposal sites into fl oodwaters. 

 Floods occurred almost in all regions and cities in Indonesia, contributing so 
many health effects and economic lost. Landslides had affected thousands of popu-
lation life in West Sumatra, South Sumatra, Central Java, Sulawesi, and Halmahera. 
Droughts had made severe the lives of people living in Kalimantan, Sulawesi, East 
Nusa Tenggara, Papua, and Maluku. 

 There were more than 1,400 disasters in Indonesia in the period of 2003–2005 
which were about 53 % related to hydrometeorology (34 % was fl ooding and 16 % 
landslide). During El Niño years (1994, 1997, 2002, 2003, 2004, and 2006), eight 
reservoirs in Java had produced electricity below normal capacities. Specifi cally, El 
Niño 1997 had caused serious problems to coral reef ecosystems where 90–95 % of 
coral reefs at the depth of 25 m have experienced coral bleaching (Bucheim  1998 ). 

 The availability of water is very dependent on the climate, due to the limited 
supply of water (only covers about 37 % of urban population and 8 % of rural 
population) causing people and industries to use deep groundwater resources, in 
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  Fig. 13.2    Precipitation trend in Indonesia in 1950–2000 (Source: NOAA-CIRES ( 2005 ))       
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which then causes land subsidence that creates areas vulnerable to fl ood and 
 saltwater intrusion. Water scarcity is an additional issue as a result of global and 
regional climate change in which between 2010 and 2015 the country is predicted 
to  experience a major clean water shortage, and this is expected mainly in urban 
areas (Boer et al.  2007 ).  

13.2.2     Burden of Vector-Borne Diseases 

 Changes in climate that can affect the potential transmission of vector-borne infec-
tious diseases include temperature, humidity, altered rainfall, soil moisture, and ris-
ing sea level. The factors responsible for determining the incidence and geographical 
distribution of vector-borne diseases are complex and involve many demographic 
and societal as well as climatic factors. Transmission requires that the reservoir 
host, a competent vector, and the pathogen be present in an area at the same time 
and in adequate numbers to maintain transmission. 

 The important vector-borne diseases related to climate change in Indonesia are 
dengue hemorrhagic fever (DHF), malaria, and leptospirosis. South Sumatra, Java, 
Bali, Central Kalimantan, and North Sulawesi are endemic areas for DHF. Meanwhile, 
Papua, Nusa Tenggara Timur, Nusa Tenggara Barat, and Maluku are endemic areas 
for malaria. Flood areas in almost all of Indonesian regions are at high risk for 
leptospirosis. 

 Dengue hemorrhagic fever has spread to all cities throughout Indonesia since 
1968. In 1968 IR of DHF reported cases was 0,05/100.000 population with a case 
fatality rate (CFR) of 41,3 %; thereafter, outbreaks frequently occur in several areas. 
In 1998 an outbreak with 72.133 cases, and a mortality rate of 2 %, was the most 
severe outbreak that ever happened since the fi rst DHF case reported in Indonesia. 
In 2004 a national outbreak occurred, in 40 districts and cities in 12 provinces with 
a number of 28.077 cases, with mortality of 381 cases (CFR 1.36 %). DHF increases 
continuously for the period of 1999–2007 reaching an IR of 71,78 per 100.000 
population, even if there had been a case of decrease in 1998. Throughout 2007, 11 
provinces suffered from DHF outbreaks, namely, West Java, South Sumatra, 
Lampung, DKI Jakarta, Central Java, East Kalimantan, Central Sulawesi, East Java, 
Banten, and DI Yogyakarta. Its number of cases was 156.767, with an IR of 
71,18/100.000 population and fatality of 1,570 cases (CFR 1,00 %). The total num-
ber of dengue hemorrhagic fever (DHF) cases reported in 2008 is 136,333 cases 
with 1,170 deaths (CFR = 0.86 % and incidence rate = 60.06 per 100,000 popula-
tion). The highest incidence rate is in DKI Jakarta, which is 317.09 per 100,000 
population, and the highest CFR recorded is in Jambi (CFR = 3.67 %). In 2009, 
154,855 cases of DHF were reported with 1,384 deaths (CFR = 0.89 %). In 2010, 
159,322 cases of DHF were also reported with 1,317 deaths (CFR = 0.87 %) 
(Ministry of Health, the Republic of Indonesia  2008a ). The increasing number of 
cases over the years and its spread in Indonesia are shown in Fig.  13.3 .
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   In Indonesia, cases of malaria, dengue, diarrhea, and cholera are predicted to 
increase as temperatures rise and water becomes contaminated, affecting scores of 
poor populations that do not have the resource to cope. 

 In 2010, a study reported by ICCSR (Indonesian Climate Change Sectoral 
Roadmap) generated maps of DHF’s risk caused by climate change across the coun-
try (Fig.  13.4 ) (ICCSR  2010 ).

   It is estimated that 45 % of Indonesian people are living in the high-risk malaria 
endemic areas. About 1.14 million of clinical malaria cases were reported in 2009, 
and outbreaks of malaria were reported to occur in 20 villages spreading in 11 prov-
inces. The total number of malaria cases during the outbreaks was 869 cases with 11 
deaths (case fatality rate, 1.23 %). It is estimated that more than 150 million people 
are living in malaria endemic areas, compromising the productivity of the produc-
tive age group and the health status of pregnant women and children under fi ve 
years old (Ministry of Health, the Republic of Indonesia  2008b ). 

 In 2007 the number of positive malaria was 311.789 cases. Furthermore, malaria 
in Indonesia reemerges and is being infl uenced by malaria termination program 
intensity and several environmental factors. Cases of malaria in Java and Bali, 
expressed as annual parasite incidence (API) for the period of 1995–2000, increase 
rapidly from 0.07 % in 1995 to 0.81 % in the year 2000 (DG-CDCEH  2010 ). 

 The ICCSR (Indonesian Climate Change Sectoral Roadmap) maps on malaria’s 
vulnerability and malaria’s risk caused by climate change across the country in 
2010 are shown in Fig.  13.5  (ICCSR  2010 ).
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13.2.3        Air Pollution Sources: Transportation and Forest Fires 

 Weather conditions infl uence air quality via the transport and/or formation of pol-
lutants (or pollutant precursors). Weather conditions can also infl uence air pollutant 
emissions, both biogenic emissions (such as pollen production) and anthropogenic 
emissions (such as those caused by increased energy demand). 

 Exposure to air pollutants can have many serious health effects, especially fol-
lowing severe pollution episodes. Long-term exposure to elevated levels of air pol-
lution may have greater health effects than acute exposure. Current air pollution 
problems are greatest in Indonesia as it caused 50 % of morbidity across the country 
(Haryanto and Franklin  2011 ). 

 Transportation source in big cities contributes 60–80 % of air pollution (Ministry 
of Environment  2005 ). Kerosene is the cooking fuel used by 45 % of the households 
sampled (National Bureau for Statistics  2005 ). Fuelwood is used by 42 % of the 
households sampled (in 12 provinces >50 % households used fuelwood for 
cooking). 

 Air pollution from forest fi re source in Sumatra and Kalimantan has had affected 
millions of human health in Sumatra, Kalimantan, and neighborhood countries, 
Singapore and Malaysia. 

 The index of air pollution in Jakarta and Surabaya in 2007 (using air quality 
monitoring system) shows the status of good day only in 72 days and 62 days, 
respectively. Air quality monitoring using non-AQMS in 30 cities shows high con-
centration for NO 2  (0–30 ppm) and SO 2  (0–50 ppm). The number of vehicles used 
on the road increases annually with an average of 12 % (motorcycle 30 %) which is 
in line with the increase of fuel consumption. Emission test in Jakarta in 2005 found 
that 57 % of vehicles did not pass the test. Meanwhile the traffi c jams among cities 
continue and worsen (Ministry of Environment  2009 ). 

 The prevalence of acute respiratory infection exceeds the national prevalence 
(25.5 %) in 16 provinces. The prevalence of cough in 2007 is 45 % and fl u 44 % 
without any signifi cant difference between urban and rural. The prevalence of pneu-
monia exceeds the national prevalence (2.18 %) in 14 provinces. The prevalence of 
tuberculosis (TB) exceeds the national prevalence (0.99 %) in 17 provinces. In 
2007, a number of 232,358 cases found out of 268,042 TB cases (86.7 %). The 
prevalence of asthma exceeds the national prevalence (4 %) in nine provinces 
(Ministry of Health  2008c ). Pneumonia is overall the number one killer disease for 
infants (22.3 %) and children under 5 years of age (23.6 %) and is among the top ten 
diseases that result in deaths among the adult population. The WHO in 2002 esti-
mates acute lower respiratory infection (ALRI) deaths attributable to solid fuel use 
(for children under 5 years) in Indonesia at 3,130 population, while chronic obstruc-
tive pulmonary disease (COPD) deaths attributable to solid fuel use (for 30 years 
old and more) was estimated at 12,160 population.  
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13.2.4     Reemerging and Newly Emerging Diseases 
in Indonesia 

 The World Health Organization’s 2007 report stated that climate change would 
bring severe risks to developing countries such as Indonesia and has negative impli-
cations for achieving the health-related Millennium Development Goals (MDGs) 
and for health equity. Infections caused by pathogens transmitted by insect vectors, 
in Indonesia, are strongly affected by climatic conditions such as temperature, rain-
fall, and humidity. 

 The reemerging and newly emerging diseases in Indonesia include malaria with 
more than 100 million people, out of a population of about 230 million, at risk and 
700 deaths in 2007, dengue fever or dengue hemorrhagic fever with 1,570 deaths in 
2007 (but many more unrecorded), tuberculosis, polio, HIV/AIDS, severe acute 
respiratory syndrome (SARS), and avian infl uenza. More than two-thirds of the 576 
districts in Indonesia have been classifi ed as malaria endemic areas (MOH  2010 ).   

13.3     Dengue Fever Vulnerability Assessment 

 Conducted by the RCCC – UI (Research Center for Climate Change – University of 
Indonesia) in collaboration with the Directorate of Environmental Health of the 
Ministry of Health and ICCTF (Indonesia Climate Change Trust Fund), a study on 
dengue fever vulnerability had been carried out with the aims to reveal the relation-
ship of dengue hemorrhagic fever (DHF) to climate change or variability and to 
develop models and vulnerability map for the distribution of communities and 
regions prone to climate-induced DHF in 2038, in 20 districts/cities in fi ve prov-
inces: West Sumatra, Jakarta, East Java, Bali, and Central Kalimantan. 

 The 20 cities/districts were selected based on the availability of monitoring sta-
tion of the Indonesian Agency for Meteorology, Climatology, and Geophysics 
(BMKG). Research designs used in this study are the following: (1) ecological 
time-series study to prove the statistical relationship between climatic factors with 
the incidence of DHF and malaria; (2) vulnerability analysis of the IPCC 2001 used 
to develop a model of community vulnerability in accordance to the character of 
DHF and malaria diseases based on variables in the component such as exposure, 
sensitivity, and adaptive capacity; and (3) geographic information system (GIS) 
with its following extensions used to map the distribution of DHF by year, patient’s 
address, fl ight range of  Aedes aegypti  mosquitoes from its original breeding place, 
land use, hydrology, contours, roads, and socioeconomic data. 

 The data revealed that a number of DHF patients per 100,000 population (inci-
dence rate, IR) in almost all study areas show a similar pattern since 2001, which 
was likely to increase signifi cantly with the peak in year 2010. Then IR decreased 
sharply in 2011, but was followed by a tendency to increase in subsequent years. 
Correlation and regression analysis showed that higher rainfall was associated with 
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an increased incidence of DHF ( p  < 0.05), with a weak level of correlation ( r  < 0.25) 
which was found in 11 districts/municipalities in 4 provinces, Central Jakarta, North 
Jakarta, Tangerang City, Tangerang Regency, Denpasar, Jembrana, Badung, 
Banyuwangi, Kotawaringin Barat, Kotawaringin Timur, and Palangkaraya. This 
research also found that in Central Jakarta, Denpasar, and Surabaya, the increasing 
temperature was associated with an increased incidence of DHF ( p  < 0.05) with a 
weak level of correlation ( r  < 0.25). Other districts/municipalities did not show any 
correlation between the increased rainfall and air temperature with the incidence of 
DHF (Figs.  13.6  and  13.7 ).

    The vulnerability component of exposure includes land use (settlement, offi ces, 
business, schools, etc.) and population density. The component of sensitivity 
includes breeding places and resting areas of  Aedes  mosquitoes; pupa and adult 
density; incidence of DHF by sex, age, occupation, education, and address; and 
population mobility. The component of adaptive capacity includes availability of 
health services, such as hospitals, clinics, and public health centers, treatment man-
agement and skilled providers, implementation of DHF intervention program, com-
munity participation and involvement on DHF prevention program, and personal 
protection behavior. 

  Fig. 13.6    Incidence rate per 100, 000 population of DHF in Surabaya in 1999–2009 and Central 
Jakarta in 1992–2010       

  Fig. 13.7    Association between IR of DHF and precipitation in Central Jakarta in 1992–2010 ( a ) 
and in Bukittinggi in 2006–2011 ( b ). Association between IR of DHF and temperature in Padang 
in 2006–2010 ( c ) and in Palangkaraya in 1999–2009 ( d )       
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 The DHF vulnerability in almost all districts/municipalities (17 regencies/cities) 
indicated a very serious condition, with very high coping range index (CRI) (level 
5) in the last few years since 2005. Very high CRI level was shown in the city of 
Padang in 2005, 2007, 2008, 2009, and 2012; in Padang Pariaman Regency in 2008, 
2011, and 2012; in the city of Padang Panjang in 2007 and 2008; in the city of 
Denpasar in 2006, 2009, and 2010; in Jembrana Regency in 2007; in the city of 
Badung in 2007, 2009, and 2010; in the city of Surabaya in 2007, 2008, 2009, 2011, 
and 2012; in Malang Regency in 2007, 2008, 2009, 2011, and 2012; in the city of 
Pasuruan in 2007, 2008, 2009, 2010, and 2011; in Sumenep Regency in 2007, 2008, 
2009, 2011, and 2012; in the city of Central Jakarta in 2005, 2006, 2007, 2008, 
2009, and 2012; in the city of North Jakarta in the year 2006–2012; in the city of 
Tangerang in 2007–2012; in the city of Palangkaraya in 2006, 2008, and 2012; in 
Kotawaringin Barat Regency in 2005–2008 and in 2012; in Kotawaringin Timur 
Regency in 2008, 2010, and 2011; and in Barito Utara Regency in 2008. High CRI 
(level 4) also dominated the community vulnerability to dengue incidence in the 
study area during those years of very high CRI levels (Figs.  13.8 ,  13.9  and  13.10 ).

     Distribution of patients with DHF in almost all study sites showed the spreading 
of the disease to a larger residential area from year to year. The pattern of spread 
followed the main road network. Mapping the risk of dengue disease transmission 
by providing an imaginary boundary with a radius of 200 m from the DHF patients 
each year showed the widespread areas of risk and that there was almost no safe 
area for people to get infected with dengue risk in each study area (Fig.  13.11 ).

   Some important fi ndings of this assessment are the following: (1) Increased inci-
dence of DHF was associated with the increase in the amount of rainfall and with 
the increase of temperature in several study areas and in particular years. 
(2) Community vulnerability to dengue was dominated by very high coping range 
index (CRI) and high vulnerable conditions each year with the high level of expo-
sure and sensitivity but low level of adaptation capacity. (3) The maps of patient 
distribution and the risk of dengue disease transmission showed that there is almost 

  Fig. 13.8    Map of coping range index of population vulnerability to DHF in Jakarta and Banten in 
2011 and 2012       
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no safe place without the risk of being transmitted. The fi ndings suggest that health 
vulnerability assessments and mapping of the potential human health impacts of 
climate variability and change are needed to inform the development of adaptation 
strategies, policies, and measures to lessen projected adverse impacts. 

 Revitalization of dengue disease eradication program as a whole at every stage 
with closed- monitoring implementation is urgently needed. Technical guidance 

  Fig. 13.9    Map of coping range index of population vulnerability to DHF in East Java in 2011 and 
2012       

  Fig. 13.10    Map of coping range index of population vulnerability to DHF in Central Kalimantan 
in 2011 and 2012       
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and increased skills of health offi cers are indispensable. Socialization of program 
activities and increased capacity and participation of community on management 
measures could be a joint action in preventing the increase in dengue disease associ-
ated with climate change.  

13.4     Indonesian Strategy on Health Adaptation 
from Climate Change 

 The spread of every single disease-related climate change is unique with the differ-
ences of community vulnerability and its location. Its characteristics and complex-
ity pose as baseline information to be explored to support the accurate policy 
strategy development. The national assessments of the potential effects of climate 
change on human health are needed to better understand current vulnerability and to 
evaluate the country’s capacity to adapt to climate change (Kovats et al.  2003 ). 

 The Government of Indonesia’s response to the health impacts of climate 
change is currently prioritized to protect human health. It includes development 
of national strategy on health adaptation plan and training modules on health 
adaptation developed by the Ministry of Health in 2009 involving other sectors, 
such as the Ministry of Environment, Ministry of Public Works, Ministry of 
Agriculture, Ministry of Forestry, academicians, and NGOs with support funding 
from WHO-Indonesia offi ce. The key contents of health adaptation strategy are 
based on the recommendation of WHO Adaptation Focus 2007, such as health 
security, strengthening health systems, health development, evidence and infor-
mation, delivery, and partnership. Indonesia’s health adaptation strategy is set to 
focus on infectious disease surveillance, health action in emergencies, safe 
drinking water, integrated vector management, environmental health capacity 

  Fig. 13.11    Distribution of DHF cases and its buffering risk area (100 m radius) in Padang, 
Badung, and Banyuwangi in 2006–2010       
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building, and healthy public policy (healthy housing, school, forest, industry, 
city). However, the implementation of the products has not yet been done due to 
the limited research evidences and institutionalization. 

 The Indonesian academicians and public health professionals at a parallel meet-
ing of COP 13 2007 in Bali, Indonesia, developed a strategy for public health adap-
tation in Indonesia, which was consisted with the following steps:

    1.    Empowering ecological disease surveillance system and developing public 
health early warning system   

   2.    Developing response to disaster effects of climate change   
   3.    Enhancing capacity building for the government, private sector, and civil society 

on managing prevention and controlling climate change on human health   
   4.    Increasing political awareness of climate change on human health   
   5.    Empowering public health services system for disease prevention and control   
   6.    Generating research and method on epidemiology and medicine to fi nd out the 

approach in breaking the disease transmission chains   
   7.    Preventing and eradicating climate change vector-related diseases     

 Based on Bali’s ideas and update situations worldwide, the ICCSR 2010 sug-
gested several important recommendations to develop alternative strategy for adap-
tation to climate change in the health sector as the following:

    1.    Strengthen the vulnerability and risk assessment methodology in the health sec-
tor due to climate change.   

   2.    Develop a framework for policy development supported by needed decrees and 
regulations.   

   3.    Develop planning and decision-making methodology based on local/regional 
evidences.   

   4.    Improve inter-sector collaboration and partnerships.   
   5.    Improve community participation, including private and higher education insti-

tutions/academics.   
   6.    Strengthen the capability of local governments.   
   7.    Develop networking and sharing of information.   
   8.    Strengthen early warning system and emergency response at the community- 

level institutions.      

13.5     Conclusion 

 To conclude the health adaptation strategy and efforts undertaken in Indonesia now-
adays, it includes the following: (1) to increase awareness of health consequences of 
climate change, (2) to strengthen the capacity of health systems to provide protec-
tion from climate-related risks and substantially reduce health system’s greenhouse 
gas (GHG) emissions, and (3) to ensure that health concerns are addressed in 
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decisions to reduce risks from climate change in other key sectors. The health adap-
tation program is going through phases as the following:

   2010–2014 Preparation Phase: data inventory, existing condition analysis, and 
choosing appropriate alternative method  

  2015–2019 Implementation Phase: management, monitoring, maintenance, and 
evaluation of all programs  

  2020–2024 Implementation Stability Phase: consistent and stable program imple-
mentation management, effective monitoring and evaluation, and sustainable 
fi xing  

  2024–2029 Implementation Stability Phase: monitoring, evaluation, and develop-
ment of current program capacity        
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    Chapter 14   
 Climate Variability and Human Health 
in Southeast Asia: A Taiwan Study       

       Huey-Jen     Su     ,     Mu-Jean     Chen    , and     Nai-Tzu     Chen   

    Abstract     The local, regional, or global climatic conditions may alter atmospheric 
compositions and chemical processes and are implicated in increasing frequencies 
of extreme temperature and precipitation, which can also be intensifi ed through 
varying urbanization, economic development, and human activities. Adverse health 
consequences related to such exposures are often of primary concerns for their 
immediate and sustaining impacts on the general welfares. 

 In Taiwan, higher cardiovascular or respiratory mortality appears to derive more 
from low temperature than does from the exposure to high temperature for the 
general population. Rural residents are less affected than urban dwellers under 
extreme temperature events if cardiovascular or respiratory mortality is benchmarked. 
In towns and villages with a high percentage of the elderly living alone, the senior 
and the disabled people and the aborigines will present a higher mortality associated 
with extreme temperature. 

 Extreme rainfall events may also interrupt the chain of food supply and life sup-
port and lead to reporting malnutrition of people in affected regions. In addition, 
contaminated water sources for drinking and recreation purposes, due mostly to 
fl ooding after extreme precipitation, are known to be associated with disease out-
break and epidemics. In Taiwan, for water borne infections, extreme torrential pre-
cipitation (>350 mm/day) was found to result in the high relative risk for bacillary 
dysentery and enterovirus infections when compared to ordinary precipitation 
(<130 mm/day). Yet, for vector-borne diseases, the relative risk of dengue fever and 
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Japanese encephalitis increase with precipitation up to 350 mm/day. Differential lag 
effects of precipitation appear to be associated with varying risk levels for respec-
tive infectious diseases. 

 Changing patterns of temperature and precipitation have infl uenced geographical 
distribution as well as prevalence and incidence rate of climate-related diseases. 
Availability of medical resources or sanitary capacities is to be taken into account in 
further analyses before the fi nal adaptation.  

  Keyword     Extreme temperature   •   Extreme precipitation   •   Rural   •   Cardiovascular 
mortality   •   Respiratory mortality   •   Bacillary dysentery   •   Enterovirus infection   • 
  Dengue fever   •   Japanese encephalitis   •   Adaptation  

14.1       Overview 

 Climate change has been demonstrated in many regional climate chaos such as fre-
quent extremes including heat wave, temperature drop, precipitation tending to 
extremes, and uneven distribution (Kerr  2011 ). These phenomena signifi cantly 
impact nature ecological system and then further very likely to endanger human 
survival environment in spreading disease incidences and prevalence even lifting 
mortality. Epidemic diseases are likely to change their infectious periods and 
distributions. 

 Taiwan has been observed the temperature rising 1.4 °C over the past century 
that is almost twofold of global surface warming about 0.74 °C (Chen  2008 ). In 
precipitation, the frequency of droughts and fl oods was dramatically increased for 
the past 50 years. Although the average precipitation has no trend to change, the 
hours of rainfall had signifi cantly decreased trend; therefore, the average rainfall 
strength (i.e., rainfall amount per hour) has signifi cant increase trend (Chu et al. 
 2012 ; Yang et al.  2011 ). Furthermore, extreme rainfalls regularly brought by 
typhoons in Taiwan have directly impact this region in hydrology, water resource, 
agriculture production, public health, ecological environment, etc. These climate 
extremes become one of the important factors for society and economic 
development. 

 Public health effects of global warming were classifi ed as multi level effects: pri-
mary, secondary, and tertiary (Butler and Harley  2010 ). The primary effect is the 
direct impact. For example, climate extremes such as heat wave, cold front, drought, 
fl ood, tornado, etc., could directly cause human injury and mortality and trigger 
diseases leading to sudden death. The secondary effect is indirect impact. For 
instance, climate change could alter disease-spreading routes, biomechanism, or 
chemistry to impact health indirectly. Global warming could enlarge the epidemic 
period and distribution of infectious diseases; warming could increase the concen-
tration of air biological and chemical pollutant to enhance risk of human respiration 
diseases. The tertiary effect is society effect. These disasters dramatically change 
society, economics, and environment, which brought socioeconomic confl icts and 
mental stresses on victims.  
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14.2     The Temperature Variability, Extreme Temperature, 
and Human Health 

 Taiwan is located at the border of tropical and subtropical regions with humid and 
warm climate pattern. In addition, most of the territory of this island is a mountain-
ous region with low population, and most of resident population occupies the low-
land area with active commercial business; therefore, urban heating island effect is 
signifi cant here. In the previous studies, events of extreme high temperatures linked 
to increased mortality (primary effect) are recognized as one critical challenge to 
the public health sector. 

 In Taiwan, higher cardiovascular or respiratory mortality appears to derive more 
from low temperature than does from the exposure to high temperature for the 
general population (Fig.  14.1a–d ) (Wu et al.  2011 ). Rural residents are less affected 
than urban dwellers under extreme temperature events if cardiovascular or respira-
tory mortality is benchmarked. Signifi cantly increased risk ratios of daily mortality 
were evident when daily mean heat indices were at and above the 95th percentile, 
when compared to the lowest percentile, in all cities (Sung et al.  2013 ). These risks 
tended to increase similarly among those aged 65 years and older (Wu et al.  2011 ). 
Being more vulnerable to heat stress is likely restricted to a short term effect, as sug-
gested by lag models which showed that there was dominantly an association during 
the period of 0–3 days (Sung et al.  2013 ). In Taiwan, predicting city-specifi c daily 
mean heat indices may provide a useful early warning system for increased mortal-
ity risk, especially for the elderly. Regional differences in health vulnerabilities 
should be further examined in relation to the differential social-ecological systems 
that affect them.

   In the other hand, warming is very likely to increase the risk on infectious dis-
eases (secondary effect). Based on health surveillance in Taiwan, extreme high tem-
perature is likely to enhance risks that last for a few weeks on infectious diseases 
such as dengue fever, scrub typhus, Japanese encephalitis, severe enterovirus, shig-
ellosis, melioidosis, leptospira, etc. Dengue fever risk increases sevenfold under 
warming period (CEPD  2012 ). According to spatial analysis, once the average tem-
perature raises 1 °C, 86 townships populated with 7,748,267 in Taiwan will be clas-
sifi ed as high risk level and 203 townships will raise risk to middle risk level 
(Fig.  14.1e–f ) (Wu et al.  2009 ; Wu et al.  2007 ). Temperature was indicated to affect 
the incidences of Japanese encephalitis, i.e., the incidence increases 19 % as the 
average temperature increases to 1 °C during the previous 2 months. However, chil-
dren in Taiwan had vaccine program spouse by government to protect from Japanese 
encephalitis. As more and more population injected the vaccine, the risk of the dis-
eases could be controlled in the near future. In addition, each 1 °C rise in tempera-
ture at previous 6 weeks corresponded to an increase of 1.33-fold risk in the weekly 
case number of scrub typhus. Consequently, global warming may signifi cantly 
increase the risks on infectious diseases especially vector-borne in Taiwan; anti-
epidemic measures are needed in the future (CEPD  2012 ).  
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14.3     Extreme Precipitation and Human Health 

 Taiwan is located at the typhoon-prone region with mountains crossing the island; 
torrential rainfalls frequently happen in this region. The torrential precipitation 
events regularly accompany natural hazards such as fl ooding and landslides espe-
cially in geological vulnerable regions (Su et al.  2011 ), which may cause more 
accidental deaths (primary effect). 

 The incidence of extreme precipitation has increased with the exacerbation of 
worldwide climate disruption. The torrential rainfalls not only cost huge losses in 
society but also threaten human health such as lower extremity cellulitis (secondary 
effect). In 2005, typhoon (Haitang) brought torrential rainfall in southern Taiwan 
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  Fig. 14.1    ( a ) The cardiovascular mortality ratio 14 days before and after cold surges, 1993–2004. 
( b ) The respiratory mortality ratio 14 days before and after cold surges, 1993–2004. ( c ) The car-
diovascular ratio 14 days before and after heat event, 1993–2004. ( d ) The respiratory mortality 
ratio 14 days before and after heat event, 1993–2004. ( e ) The risk map of dengue in Taiwan, 
1998–2006. ( f ) The risk map of dengue in Taiwan with monthly average temperature raises of 1 °C       
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and caused severe fl ooding. Within the following two weeks, the risks of lower 
extremity cellulitis incidences on this region were twofold higher than in the 
regular time. 

 Daily precipitation levels were signifi cantly correlated with all 8 mandatory-
notifi ed infectious diseases in Taiwan (secondary effect). For water borne infections, 
extreme torrential precipitation (>350 mm/day) was found to result in the highest 
relative risk for bacillary dysentery and enterovirus infections when compared to 
the ordinary rain (<130 mm/day) (Chen et al.  2012 ). Yet, for vector-borne diseases, 
the relative risk of dengue fever and Japanese encephalitis increased with greater 
precipitation only up to 350 mm. Differential lag effects following precipitation 
were statistically associated with increased risk for contracting individual infectious 
diseases (Chen et al.  2012 ).  

14.4     Socioeconomic Confl icts and Mental Stress 
(Tertiary Effects) 

 The consequences of environmental changes such as reducing air quality, ecological 
biodiversity, and water resources due to climate change are not only very likely to 
endanger human’s health but also to impact our socioeconomic status even to con-
fl ict international relationship. When people face the shortage of human basic needs 
such as sunlight, air, and water, it does not only enhance mental stress but also pos-
sibly damage economics, leading a fragile society. International confl icts become 
more frequent than before due to fi ghting for freshwater resources and farmland 
(Scheffran et al.  2012 ). For example, India and Pakistan have the issue on water 
right of Indus River in South Asia. Meanwhile, Bangladesh, sharing 54 rivers with 
India, often raises regional tension for the water right of Ganges River (Uprety and 
Salman  2011 ). In addition, the climate-related disasters would bring mental stress. 
A survey in Taiwan was conducted with 271 students of junior high schools in 
mountainous regions of southern Taiwan which were worst affected by Typhoon 
Morakot. Results indicated 26.9 % students had a diagnosis of post traumatic stress 
disorder (PTSD) and 24.0 % had PTSD related to Typhoon Morakot (Yen et al. 
 2011 ). As climate change increases the frequency of climate extremes, people has 
unavoidable lessons to deal with these crises especially integrating with multiple 
factors such as natural barrier of topography, crop growth, and political power.  

14.5     Conclusion 

 Climate change, especially for extreme weather was acknowledged as a global pub-
lic health problem. In Taiwan, the increasing temperature and extreme precipitation 
affected the infectious disease, noncommunicable disease, and mental health via 
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diverse pathway. Although the impacts of climate change have the potential to affect 
the human health in Taiwan and around the world, the national and local adaptations 
and actions from the multiple threats of a rapidly changing climate may reduce the 
health impacts such as increasing public health capacity and improving health lit-
eracy, promoting institutional learning, developing tools to facilitate, or embracing 
adaptive management for certain climate health threats.     
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    Chapter 15   
 Climate Change and Health: The Malaysia 
Scenario       

       Mohammed     A.     Alhoot    ,     Wen     Ting     Tong    ,     Wah     Yun     Low     , 
and     Shamala     Devi     Sekaran   

    Abstract     Malaysia, located in Southeast Asia, has a tropical climate and abundant 
rainfall (2000–4000 mm annually). Malaysia faces weather‐related disasters such as 
fl oods, landslides and tropical storm attributed to the cyclical monsoon seasons, 
which cause heavy and regular downpours. Storms, fl oods and droughts lead to the 
rise and emergence of climate‐sensitive diseases due to contamination of water, 
environment and creation of breeding sites for disease-carrying vector mosquitoes. 
The effect of climate change on health is an area of substantial concern in Malaysia. 
This chapter examines the trends of six prominent climate-sensitive diseases in 
Malaysia, namely, cholera, typhoid, hepatitis A, malaria, dengue and chikungunya 
followed by the environmental and public health policies, programmes and plans to 
battle the impact on health from the climate change.  
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15.1       Introduction 

 The world is experiencing climate change. The earth is warming due to greenhouse 
gasses emission resulting from human activity. Temperature rises contribute to 
melting of glaciers, increasing average sea levels and changing of precipitation pat-
terns. Extreme weather events are occurring at increasing frequencies and intensi-
ties. This can have serious impacts on the environment and human health, as 
essential necessities for good health such as clean air and water, adequate food and 
shelter will be affected. Increased temperatures and humidity and shifting rainfall 
patterns lead to weather‐related catastrophes, namely, heat waves, fl oods, droughts 
and storms which cause loss of agriculture and homes. These climate events also 
increase health risks such as climate-sensitive vector‐borne and food‐ and‐water-
borne diarrhoeal diseases, which currently account for mortality of 1.1 million peo-
ple and 2.2 million people a year, respectively (WHO  2008 ). Increases in population 
numbers and current trends in energy use and development further aggravate the 
effects of climate change (WHO  2009 ). The Asia-Pacifi c region holds the highest 
number of countries most vulnerable to climate change, namely, Bangladesh, India, 
Nepal, the Philippines, Afghanistan and Myanmar (Asian Development Bank and 
International Food Policy Research Institute  2009 ). Malaysia is also vulnerable to 
the adverse impacts of climate change and is no exception.  

15.2     Demography of Malaysia 

 Malaysia, located in the Asia-Pacifi c region, has a total land area of 329,733 km 2 . 
Malaysia is composed of Peninsular Malaysia and East Malaysia (Sabah and 
Sarawak) that is separated by the South China Sea (Fig.  15.1 ). Peninsular Malaysia, 
in the west, has an area of 131,573 km 2 , while East Malaysia covers about 
198,068 km 2  (Ministry of Science Technology and the Environment Malaysia 
 2000 ). Peninsular Malaysia consists of 11 states (Johor, Kedah, Kelantan, Melaka, 
Negeri Sembilan, Pahang, Penang, Perak, Perlis, Selangor, Terengganu) and 2 fed-
eral territories (Wilayah Persekutuan and Putrajaya), while East Malaysia consists 
of 2 states (Sabah and Sarawak) and Federal Territory of Labuan. Kuala Lumpur is 
the federal capital of Malaysia. 

 Malaysia’s population comprises of 28.33 million people, including 8.2 % non‐
citizens. The majority (22.56 million people) reside in Peninsular Malaysia while 
East Malaysia has a population of 5.77 million people. The population density is 86 
inhabitants per square kilometre. The average annual population growth rate (year 
2000–2010) is 2.0 % (Department of Statistics Malaysia  2010 ). The proportion of 
Malaysia’s population by the age of 0–14 years is 27.63 %, 15–64 years is 67.33 % 
and above 64 years is 5.04 %. While Malaysia has a relatively young population, 
however, the age structure is moving towards an ageing population (Department of 
Statistics Malaysia  2010 ) (Fig.  15.2 ).
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  Fig. 15.1    Map of Malaysia       

  Fig. 15.2    Number of population by sex and age group, Malaysia, 2000 and 2010 (Source: 
Department of Statistics Malaysia  2010 , Population and Housing Census of Malaysia 2010)       
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    Malaysia is a multi‐cultural country, with a majority being Bumiputera (67.4 %), 
followed by 24.6 % Chinese, 7.3 % Indians and 0.7 % other races. East Malaysia is 
distinct from the Peninsular Malaysia in terms of ethnic composition of its people 
with a diverse of indigenous residents, which also are part of the Bumiputera group. 
The largest indigenous group in Sabah is the Kadazan/Dusun ethnic group, which is 
made up of 24.5 % of the population, while in Sarawak, the largest ethnic group is 
the Ibans which accounts for 30.3 % of the total citizens in Sarawak (Department of 
Statistics Malaysia  2010 ). 

 Malaysia is a country that is rapidly advancing and has made tremendous prog-
ress in socio‐economic development since its independence in 1957. Initially, agri-
culture and mining were the main economic drivers for the country during the 
post‐independence period, but now, Malaysia’s economic industry exhibits a multi‐
sectorial diversifi cation including rubber and oil palm processing and manufactur-
ing, light manufacturing, pharmaceuticals, medical technology, electronics, tin 
mining and smelting, logging, timber processing, agriculture processing and petro-
leum production and refi ning. From 2005 to 2013, Malaysia’s gross domestic prod-
uct (GDP) saw a growth of 4.7 % (Department of Statistics Malaysia  2014a ), with a 
total income value of RM986.7 billion (USD 274.7 billion) in 2013 (Department of 
Statistics Malaysia  2014b ). The World Bank places Malaysia as an upper middle‐
income country (The World Bank  2014 ). The level of urbanization is parallel with 
the country’s rapid development whereby all states except Kelantan have an urban 
population of more than 50 % (Department of Statistics Malaysia  2010 ). 

 Malaysia lies at the coordinates of 2°30′N 112°30E which is near the equatorial 
line. It has a tropical climate with a relatively uniform temperature all year round at 
26–28 °C (Ministry of Natural Resources and Environment Malaysia  2011 ) and 
abundant rainfall of 2,000–4,000 mm annually (Ministry of Natural Resources and 
Environment Malaysia  2011 ). The distribution of rainfall is largely determined by 
the wind fl ow patterns and topographic features of the land. The months of November 
to March experience the Northeast monsoon which carries winds with speeds of 
15–50 km/h that bring heavy downpours on some areas along the east coast of 
Peninsular Malaysia, western Sarawak and the northeast coast of Sabah. From May 
to August, the west coastal areas of Peninsular Malaysia are affected by the early 
morning ‘Sumatras’ during the southwest monsoon. The inland areas covered by 
mountain ranges are relatively sheltered from monsoon rain infl uences and receive 
rainfall of less than 1,780 mm per year. There are also two brief inter‐monsoon 
seasons which bring rain and thunderstorms due to convection currents (Ministry of 
Science Technology and the Environment Malaysia  2000 ). 

 The common weather‐related disasters that occur in Malaysia are such as fl oods, 
landslides, mudslide and tropical storm, and most of these disasters are attributed to 
heavy rainfalls (Ibrahim Mohamed Shaluf and Fakhru’l‐Razi Ahmadun  2006 ). 
Malaysia regularly (almost annually) experiences the occurrence of fl oods due to 
the cyclical monsoon seasons, which causes heavy and regular downpours usually 
in October to March. However, in December 2006, the anomalous event of fl oods in 

M.A. Alhoot et al.



247

Johor Bahru (Southern Peninsular Malaysia), which is located out of the monsoon 
affected zone, suggests that it could be due to the effects of global warming (Chang 
 2010 ).  

15.3     Climate Change Trend in Malaysia 

 Malaysia has recorded a rise in the average temperature since 1951 (Ministry of 
Science Technology and the Environment Malaysia  2000 ). Analysis of different 
regional annual mean temperatures records in various parts of Malaysia indicated 
warming trends. Generally, the overall correlation analysis of annual mean tempera-
tures over the low land areas has the largest trend over Southern and Central 
Peninsular Malaysia while the lowest trend is in Sarawak. The rates of increase are 
about 1.5–2.7 °C per 100 years. The only highland area, Cameron Highland has 
relatively weak positive correlation as shown in Fig.  15.3 . There is strong evidence 
to link the local warming trends to urbanization process as for Southern and Central 
Peninsula and also global trends although there is insuffi cient length of climate data.

   The latest data of annual rainfall trend from years of 1951 till year 2013 for dif-
ferent regions in Malaysia shows no overall clear trend of rainfall for the country 
unless high variability of rainfall probably due to tropical climate. The spatial vari-
ability of rainfall lacks the regularity that is generally found with temperature. 
Therefore, the standardised rainfall anomaly average is used to analyse the rainfall 
pattern for Malaysia as shown in Fig.  15.4  (Malaysian Meteorological Department 
(MetMalaysia)  2014 ). Increase in average temperature can cause rainfall fl uctua-
tions that may result in variation of climatic events such as fl oods, droughts and 
storms.

   These climatic events can have a negative impact on Malaysia’s key economic 
sectors such as agriculture, forestry, water resources, coastal resources, energy and 
public health. Floods, droughts and storms increase the risk of health diseases due 
to contamination of water and creation of breeding sites for disease-carrying vector 
mosquitoes. Environmental hygiene, sanitation and water supply contributed to the 
spread of these diseases. The effect of climate change on health is an area of sub-
stantial concern in Malaysia (Commonwealth Secretariat  2009 ) particularly with 
regard to the emergence and rise of climate-sensitive diseases such as food‐ and 
waterborne- and vector‐borne diseases. These climate‐sensitive diseases in Malaysia 
are much infl uenced by the climate change variations and Malaysia has developed 
public health policies of which some were successful while others failed in battling 
them. This chapter describes the trends of six prominent climate-sensitive diseases 
in Malaysia, namely, cholera, typhoid, hepatitis A, malaria, dengue and chikungu-
nya followed by the public health policies, programmes and plans to battle the 
impact on health from the climate change.  
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15.4     Effects of Climate Changes on Diseases Trends 

 Before the discovery of the role of infectious agents in the transmission of infec-
tious diseases in the late nineteenth century, human beings have known that climatic 
conditions affect epidemic diseases. Roman aristocrats retreated to hill resorts each 
summer to avoid malaria. South Asians learnt early that, in high summer, strongly 
spiced foods were less likely to cause diarrhoea. Climate change is likely to increase 
the severity of the weather in which some areas will experience an increase in tem-
peratures, rainfall and fl ood risk, while other midlatitude areas will experience more 

  Fig. 15.3    Annual temperature trend for Malaysia 1969 to 2013 (Source: Malaysian Meteorological 
Department (MetMalaysia)  2014 )       
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droughts. Climate change accelerates the spread of several diseases mainly due to 
warmer global temperatures resulting in an increase of global average rainfall. 
Increased precipitation caused by global warming may increase fl ooding in some 
areas, which could lead to contamination of drinking water with the possibility of a 
rise of waterborne disease incidence. Furthermore, rainfall can promote transmis-
sion of vector‐borne diseases by creating ground pools and other breeding sites for 
the vectors. Climate‐sensitive diseases are among the largest causes of morbidity 
and mortality globally, including diarrhoea, malaria and other water- and vector-
borne infections.  

  Fig. 15.4    Standardised rainfall anomaly average for Malaysia 1961 to 2013 (Source: Malaysian 
Meteorological Department (MetMalaysia)  2014 )       
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15.5     Food- and Waterborne Diseases 

 In Malaysia, typhoid fever, cholera, dysentery and hepatitis A are the major water-
borne diseases with incidence rates of 0.73, 0.58, 0.28 and 0.41 per 100,000 popula-
tion (Ministry of Health Malaysia  2014 ). The spread of these climate-sensitive 
diseases has been attributed to water crises such as fl oods and droughts (due to 
contaminated water) and coupled with improper sewage disposal, personal hygiene 
and low environmental sanitation standards. In the last century, diarrhoeal diseases 
such as cholera, typhoid and dysentery were very common in Malaysia due to lack 
of infrastructure such as inadequate clean water supply and latrines coupled with 
poor sanitation and hygiene (Engku Azman  2011 ; Rozlan Ishak  2007 ) especially in 
the rural and suburban areas. These infectious diseases are predominantly spread 
through contaminated water. 

 To date, these water‐borne diseases remain endemic although there has been a 
signifi cant decline in the last two decades as shown in Figs.  15.5 ,  15.6  and  15.7 . In 
2009, the reported cases showed a low incidence of typhoid, cholera and hepatitis A 
virus (HAV): typhoid cases, 303; cholera cases, 276; and HAV cases, 40. These 
diseases usually occur as sporadic outbreaks and the incidence by state is closely 
associated with the coverage of clean water supply. For example, the incidence of 
typhoid is highest among the states with the lowest coverage of treated water supply 
as shown in Fig.  15.8 .

  Fig. 15.5    Changes in reported cholera cases in Malaysia from 1954 to 2013 (Sources: WHO 
( 2014 ). Global Health Observatory (GHO), Ministry of Health Malaysia ( 2014 ), Health Facts 
(2014))       

 

M.A. Alhoot et al.



251

      The association between drought and cholera epidemics has been reported in 
Malaysia (Chen  1970 ; Khoo  1994 ; Benjamen  2006 ; Kin  2007 ) as the outbreaks have 
tended to occur in the dry season (May to July) when many are forced to use river 
water. Thus, the severe drought is considered as one of the main risk factor of cholera 
epidemics because it affects the water supply. The main affected areas are the coastal 
and riverine communities especially those with poor environmental sanitation, poor 
water supply, poor waste disposal and inadequate personal hygiene (Chen  1970 ; 
Singh  1972 ; Yadav and Chee  1990 ; Khoo  1994 ; Kin  2007 ; Benjamen  2006 ).  

15.6     Vector-Borne Diseases 

15.6.1     Malaria 

 Malaria is caused by one of the four species of  Plasmodium  parasite and transmit-
ted by the  Anopheles  mosquito that exhibits defi nite seasonal prevalence. Although 
malaria remains the most common vector‐borne disease in the world, the number of 
malaria cases in Malaysia has declined in the last decade. Public health data showed 
that the number of malaria cases detected in the country has dropped signifi cantly 
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  Fig. 15.6    Number of reported cases of typhoid fever in Malaysia from 1992 to 2013 (Sources: 
Ministry of Health Malaysia ( 2010 ). Number of notifi able communicable diseases in Malaysia for 
1998–2009, Ministry of Health Malaysia ( 1992 –1999). Annual reports. Ministry of Health 
Malaysia ( 2007 –2014). Health Facts (2006–2014))       
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  Fig. 15.7    Number of reported cases of hepatitis A in Malaysia from 1998 to 2013 (Sources: 
Ministry of Health Malaysia ( 2010 ). Number of notifi able communicable diseases in Malaysia for 
1998–2009, Ministry of Health Malaysia ( 2007 –2014), Health Facts (2006–2014))       
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  Fig. 15.8    Incidence of typhoid in relation to percentage coverage of treated water supply in the 
different states in Malaysia (Source: Ministry of Natural Resources and Environment Malaysia 
( 2011 ). Second National Communication to the United Nations Framework Convention on Climate 
Change (UNFCCC))       
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from 243,870 in 1961 to 3,851 in 2013 as shown in Fig.  15.9 . This decline resulted 
from effective control measures that applied in the country since 1961 with the 
opportunities to shift the current control programme into a total elimination pro-
gramme. Figure  15.10  shows the progressive reduction of malaria incidence in 
Peninsular Malaysia.

    Changes in climate factors such as temperature, rainfall and humidity affect the 
reproduction, development, behaviour and population dynamics of malaria (Gage 
et al.  2008 ). Increased temperature induces the multiplication rate and development 
of the malaria parasite in the mosquito vector (Ambu et al.  2002 ). Both, the  mosquito 
vector and malaria parasite are sensitive to changes in temperature and the elevation 
of ambient temperature of 2 and 4 °C due to climate change will lead to increase in 
the capacity of the mosquito vectors to transmit malaria by 20 to 30 %, respectively. 
Thus, the number of malarial cases can be estimated to increase by 15 % if an 
expected increase of 1.5 °C in ambient temperature in 2050 is observed (Ambu et al. 
 2002 ). Furthermore, increased rainfall leads to increase in the number and quality of 
breeding sites for mosquito’s vectors and the increased humidity enhances survival 
and vectorial capacity of the vectors and hereafter the transmission of the parasites 
(Ambu et al.  2002 ). Increases in temperature and rainfall would undoubtedly allow 
mosquito vectors to survive in areas closely surrounding their current dissemination 
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  Fig. 15.9    Changes in reported malaria cases in Malaysia from 1961 to 2013 (Sources: Tee (2000). 
Malaria control in Malaysia, Ministry of Health Malaysia ( 2010 ). Number of notifi able communi-
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( 2014 ). Global Health Observatory (GHO), Ministry of Health Malaysia ( 2007 –2014). Health 
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limits. How far these areas are extended would depend on the magnitude of the 
change in climate. Also, salt‐water intrusion into freshwater of coastal areas can 
extend breeding sites for malaria vectors and enhance transmission of the disease 
such as in case of  Anopheles sundaicus  which breeds in brackish water in the 
coastal areas of Peninsular Malaysia (Ambu et al.  2002 ; Mia et al.  2011 ). These 
changes and the different climate factors resulted in slight increase in the recorded 
cases of malaria in the last 5 years as shown in Fig.  15.9 . 

 There is a variation in the distribution of the infection between the different dis-
tricts of the country, for example, in 2006, 57.2 % of the cases were from Sabah, 
26.7 % from Sarawak and the remaining 16.1 % from Peninsular Malaysia (Ministry 
of Natural Resources and Environment Malaysia  2011 ). In areas where malaria is 
seasonal, a dramatic increase in disease prevalence occurs in all age groups during 
the annual transmission season because previously acquired immunity in the host is 
lost in the non‐transmission season. Potential extension or curbing of the vector 
breeding season may lead to shifts in malaria incidence and prevalence. Similarly, 
climate changes can result in increasing the incidence of malaria infection in 
endemic areas due to the improvement of the vector‐breeding conditions.  

  Fig. 15.10    Changes in malaria incidence rate (per 1,000 population) in districts of Peninsular 
Malaysia according to WHO classifi cation (Source: Ministry of Natural Resources and 
Environment Malaysia ( 2011 ). Second National Communication to the United Nations Framework 
Convention on Climate Change (UNFCCC))       
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15.6.2     Dengue Fever (DF) and Dengue Haemorrhagic 
Fever (DHF) 

 In terms of human morbidity and mortality, dengue has become an important public 
health problem and the most important arthropod‐borne viral diseases in Malaysia. 
Dengue is transmitted by the  Aedes  mosquitoes ( A. aegypti  and  A. albopictus ), 
which are highly sensitive to environmental conditions. Temperature, precipitation 
and humidity are critical to survival, reproduction and development of the mosquito 
and these can infl uence mosquito presence and intensity. Furthermore, warmer tem-
peratures can enhance the disease transmission possibly by allowing the mosquito 
vector to reach maturity much faster than in colder climate. Also these environmen-
tal conditions can then shorten the extrinsic incubation period of dengue virus by 
reducing the time required for the virus to replicate and disseminate in the mos-
quito. The extrinsic incubation period is necessary for virus to reach the mosquito 
salivary glands and transmit to humans (Githeko et al.  2000 ). 

 Dengue affects tropical and subtropical regions around the world, mainly in 
urban and semi urban areas. Climate change might expand the distribution of 
vector‐borne pathogens in both time and space, thereby exposing host populations 
to longer transmission seasons and immunologically naive populations to newly 
introduced pathogens (Patz and Reisen  2001 ). It is possible to accelerate the dis-
semination of dengue viruses worldwide. Like many vector‐borne diseases, dengue 
fever shows a clear weather‐related pattern: rainfall and temperatures affect both the 
spread of mosquito vectors and the likelihood that they will transmit virus from one 
human to another. In a cool climate, the virus takes so long to replicate inside the 
mosquito that most likely would die before it actually has a chance to transmit the 
virus to another person (Resurgence  2008 ). Several studies have predicted that 
global climate change could increase the likelihood of dengue epidemics. One of 
these studies published an empirical model of worldwide dengue distribution. In 
this model they use the annual average vapour pressure (a measure of humidity) as 
a single climate factor to predicted future dengue fever distribution. If humidity 
were to remain at 1990 levels into the next century, a projected 3.5 billion people 
would be at risk of dengue infection in 2085, but assuming humidity increases as 
projected by the Intergovernmental Panel on Climate Change, the authors estimate 
that in fact 5.2 billion could be at risk (Hales et al.  2002 ). Other reports have showed 
correlations between dengue infection and climate variables such as El Niño, tem-
perature, rainfall and cloud cover concluding that climate change could increase the 
number of people at risk of dengue infection (Haines et al.  2006 ). 

 The number of reported dengue fever (DF) and dengue haemorrhagic fever 
(DHF) cases in Malaysia shows an increasing trend as shown in Fig.  15.7 . The 
recorded number of infected population shows an upward trend from 6,621 cases 
with incidence rate of 36.4/100,000 population in 1991 to 46,171 case with inci-
dence rate of 148.73/100,000 population in 2010 (Fig.  15.11 ). This incidence rate 
exceeds the national target for DF and DHF, which is less than 50 cases/100,000 
population. Since 2000, dengue incidence continues to increase unabated. It is 
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 prevalent throughout the country with the highest incidence among the most devel-
oped and densely populated territories and states. Clinical and laboratory confi rmed 
cases showed that all age groups are affected, with the most vulnerable among 
school going children and young adults (Mia et al.  2013 ).

   The recorded climate changes in Malaysia showed the increasing rainfall time 
per year and the ambient temperature provides optimal conditions for mosquitoes to 
multiply and then spread dengue viruses.  Aedes  mosquito prefers to lay its eggs 
around human habitation in stagnant clear water in artifi cial containers rather than 
natural areas. Even when the containers dry up, the eggs can withstand dryness for 
about nine months. When exposed to favourable conditions of water and food, the 
eggs can hatch within a day and emerge as adults within a week. Mosquitoes nor-
mally acquire the virus when sucking infected blood from an infected human and it 
then transmits the virus to others.  Aedes  mosquito has the capacity to sustain the 
virus in the environment through the transovarial transmission of the virus for up to 
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  Fig. 15.11    Changes in reported dengue cases in Malaysia from 1973 to 2013 (Sources: Lam 
( 1993 ). Two Decades of Dengue in Malaysia, Ministry of Health Malaysia ( 2010 ). Number of 
notifi able communicable diseases in Malaysia for 1998–2009. Ang and Satwant ( 2001 ). 
Epidemiology and New Initiatives in the Prevention and Control of Dengue in Malaysia, Director 
General of Health Malaysia ( 2011b ). Press statement: Current situation of Dengue Fever in 
Malaysia for week 52/2011(25–31 December 2011), Director General of Health Malaysia ( 2012a ). 
Current situation of Dengue Fever in Malaysia for week 52/2012, Director General of Health 
Malaysia ( 2012b ). Press statement: Increased of Mortality of Dengue Cases in Malaysia, Director 
General of Health Malaysia ( 2013 ). Current situation of Dengue Fever in Malaysia for week 
52/2013)       
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fi ve generations. Thus, it is generally accepted that changes in precipitation, ambi-
ent temperature and humidity may infl uence the abundance and distribution of the 
mosquito vectors and by this means increase the ability to spread the infection. A 
previous study in Malaysia has shown a positive relationship between rainfall and 
dengue (Li et al.  1985 ; Hopp and Foley  2003 ). The study conducted in Jinjang, 
Selangor, a dengue-prone area found that there was a 120 % increase in the number 
of dengue cases when the monthly rainfall was 300 mm or more. This may be due 
to creation of more  A. aegypti  breeding sites due to the rainfall. On the other hand, 
the extremely heavy rainfall may fl ush mosquito larvae away or kill them altogether 
(Promprou et al.  2005 ). Preliminary fi ndings of an on‐going study to develop a cli-
mate model for dengue showed that the mean and minimum temperatures were 
positively associated with the  Aedes  population in Kulim, Kedah. As the minimum 
temperature increased, the larvae densities also increased leading to increase in the 
endemicity of the disease (Patz et al.  1998 ).  

15.6.3     Chikungunya 

 Chikungunya is a reemerging mosquito‐borne viral infection. It is caused by a mos-
quito‐borne togavirus belonging to the genus  Alphavirus . Many countries neigh-
bouring Malaysia have reported human infections with chikungunya virus. Evidence 
of presence of chikungunya in Peninsular Malaysia was proved by serological sur-
vey of 4384 specimens collected between 1965 and 1969. These results showed that 
human infection with chikungunya virus appears to be at a low level of activity but 
is widespread and it is more prevalent in the northern part of the country (Marchette 
et al.  1980 ). However, although the serological evidence was present in Malaysia, 
chikungunya virus has not been known to be associated with clinical illness in the 
country before 1998. Malaysia experienced the fi rst outbreak of chikungunya when 
51 infected subjects were reported in Klang‐Selangor between December 1998 and 
February 1999 (Lam et al.  2001 ). The majority of the cases were adults, and the 
clinical presentation was similar to classical chikungunya infections. Chikungunya 
is among those infectious diseases that extended their occurrence and range as tem-
peratures increase. During the last decade, chikungunya virus has reemerged and 
caused new epidemics in Malaysia. This emergence may be attributed to the impact 
of climate change, but also several other factors may be involved such as urbaniza-
tion, commercial transportation, workers movement, increasing human travel and 
vector density increase. However, local climatic fl uctuations may have exerted a 
transient impact on chikungunya virus epidemics. 

 In the last six years, Malaysia has had three outbreaks of chikungunya virus 
infection. The fi rst two occurred in Perak in 2006, and the third began in Johor in 
early 2008 until 2009 (Fig.  15.12 ). Since the reemergence of chikungunya at the end 
of 2006, Malaysia has been experiencing increasing number of chikungunya cases 
involving about 10,942 recorded cases until the end of 2010 as shown in Fig.  15.8  
(Director General of Health Malaysia  2011a ). In the earlier outbreaks, local 
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 transmission of the disease has been curtailed, and the disease has not become 
endemic. Dissimilar to Africa where the primate hosts are the primary reservoirs of 
the virus, in Malaysia there are no such animal hosts but the necessary mosquito 
vectors,  A. aegypti  and  A. albopictus , are present abundantly. That means if a suf-
fi cient number of human hosts continue to transmit and perpetuate the virus as is the 
case for the dengue viruses, chikungunya infection can become endemic. Similar to 
dengue virus, climate changes in Malaysia such as increasing the ambient tempera-
tures, precipitation and humidity will increase the intensity and activity of the mos-
quito’s vector to transmit the virus (Meason and Paterson  2014 ; Fischer et al.  2013 ; 
Rezza  2008 ).

   In summary, climate changes could play an important role in the endemicity of 
the common communicable diseases such as dengue, chikungunya, malaria and 
other diseases that are sensitive to climate and are endemic in Malaysia. The health 
pattern will be affected due to the climate change such as exposure to high or low 
temperature, level and duration of raining, contamination of water sources and 
abundances of the disease‐transmitting vectors. Changes in various vector‐borne 
infectious diseases may lead to the expansion of the endemic areas of certain dis-
eases such as malaria and dengue. However, these changes will not affect only the 
incidence of infectious diseases, but also other risks will arise in both developing 
and developed countries such as that due to fl oods and drought. Thus, the risks 
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  Fig. 15.12    Changes in reported chikungunya cases in Malaysia from 1998 to 2010 (Sources: Lam 
et al. ( 2001 ). Chikungunya infection–an emerging disease in Malaysia, Chua ( 2010 ). Epidemiology 
of Chikungunya in Malaysia: 2006–2009. Director General of Health Malaysia ( 2011a ). Press 
statement: Current situation of Dengue Fever and Chikungunya in Malaysia for week 
52/2010(26/12/2010‐31/12/2011))       
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 associated with climate changes will increase over time. Public health policies and 
programmes will then need to be implemented to handle these climate‐sensitive 
diseases that affect the health.   

15.7     Programmes and Public Health Policies on Climate 
Change and Health 

 Malaysia’s endeavour in addressing climate change is evident since 1970s. The 
nation’s development plans, policies and laws which were formed are related to 
climate change scenarios so that sustainable development can be achieved. This 
principle is incorporated in the country development plan, namely, Third Malaysia 
Plan (1976–1980), the Ninth Malaysia Plan (2001–2005) Vision 2020 and the Third 
Outline Perspective Plan (OPP‐3) (2001–2010). Various environmental‐related pol-
icies, legislations and plans are formed so that the national developments works are 
carried out within the environmental standards to ensure the nation’s development 
and environment balance one another. Among them are the Third National 
Agriculture Policy (1998–2010), National Energy Policy (1979), Fuel Diversifi cation 
Policy (1981), Environment Quality Act 1974, EQ (Clear Air) Regulation 1978, EQ 
(Prescribed Activities) (EIA) Order 1987, National Forestry Act 1984, Fisheries 
Act 1985, Fisheries Maritime Regulations, 1967, Petroleum Mining Act 1986, 
Petroleum Development Act 1974, Land Conservation Act 1960, National Parks 
Act 1980 and many others. 

 Malaysia adopts the ‘precautionary principle’ or the ‘no regret’ policy which 
allows measures to be taken to adapt or mitigate effects of climate change even 
though it is unsure if the climate change effects will come true (Ministry of Natural 
Resources and Environment Malaysia  2011 ). The Malaysian government is recep-
tive towards foreign support on the use of cleaner and environmentally sound tech-
nology and encourages other sectors’ involvement in such programmes to increase 
their awareness on global activities in improving the quality of the environment (Lu 
 2006 ). Many national programmes and projects were conducted to reduce or 
 mitigate greenhouse gas emissions such as Malaysian Industrial Energy Effi ciency 
Improvement Project (MIEEIP), Clean Development Mechanism (CDM), Malaysia 
Building Integrated Photovoltaic, etc. and studies have been actively carried out to 
assess climate and environment interactions and impact of climate change such as 
National Coastal Vulnerability Index Study and National Study for Effective 
Implementation of Integrated Water Resources Management (IWRM) in Malaysia, 
to name a few (WHO  2006 ). In recent times, two policies were formulated to 
address climate change more holistically, specifi cally the National Policy on Climate 
Change and the National Green Technology Policy to cater for a climate‐resilient 
development, to promote a low carbon economy and to promote green technology 
(Ministry of Natural Resources and Environment Malaysia  2011 ). 
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 Malaysia’s commitments in addressing climate change also can be seen from its 
active participation in the national and international arena on multilateral dialogues 
and collaborations, information sharing and networking. In 1994, the National 
Steering Committee on Climate Change (NSCCC) was set up and comprised of 
members from various ministries in the government such as Ministry of Science, 
Technology and Environment, Ministry of Finance, Ministry of Energy, 
Communications and Multimedia, Malaysian Meteorological Service and many 
others which function to formulate and implement policies to address and adapt 
climate change. Also in the same year, Malaysia ratifi ed a signatory agreement with 
the United Nations Framework Convention on Climate Change (UNFCC) and its 
commitment includes preparation of a document which entails the National 
Greenhouse Gas (GHG) Inventory and reports on actions that has been taken to 
tackle the issue of climate change. To date, two reports have been submitted to 
UNFCC, Initial National Communication in 2000 (INC) (Ministry of Science 
Technology and the Environment Malaysia  2000 ) and Malaysia Second National 
Communication to the UNFCC in 2011 (Ministry of Natural Resources and 
Environment Malaysia  2011 ) which detailed situation of climate change in Malaysia 
and strategies that has been carried out and which will be continued and improved 
to address the causes and impact of the climate impact scenarios. Malaysia is also 
engaged in various international conventions such as Vienna Convention for the 
Protection of the Ozone Layer (Montreal Protocol) and ASEAN Agreement on 
Transboundary Haze Pollution (2002) and even organised the Asia-Pacifi c Health 
Ministers’ Conference on Climate Change and Health in Kuala Lumpur in 2008. 

 In 2008, the Cabinet Committee on Climate Change was instituted with the role 
of determining policy direction and strategies in tackling climate change issues 
whereby Ministry of Health is one of the members (Commonwealth Secretariat 
 2009 ). Provision of proper infrastructures, disease surveillance, investigation and 
emphasis on research and development were among initiatives undertaken to 
address the impact of climate change on health. There are already many existing 
policies and programmes within the country that address climate‐sensitive diseases 
and health conditions such as the vector‐borne and food‐ and water‐borne control 
programmes under the Disease Control Division, Public Health Department, 
Malaysia (Ministry of Health Malaysia  1999 ). In terms of provision of healthcare in 
response to the impact of climate change, comprehensive healthcare service in 
Malaysia has been successfully extended throughout the country when the goal 
‘Health for All’ was achieved in the year 2000 (Commonwealth Secretariat  2009 ). 

 Malaysia has taken a unique approach to climate change adaptation which was 
coined as ‘adaptation through climate change mitigation’. This approach involves 
action by affected entities, requiring national-, state-, local- and community-level 
responses. Accordingly, much of Malaysia’s adaptation responses come in the form 
of improved ecosystem management, water resource management and secure agri-
cultural production – each with a backdrop of doing so to improve productivity, 
effi ciency in resource use and optimised economic benefi t for the state to the indi-
vidual. For Malaysia, the health sector also fi gures prominently into the ‘climate 
change’ efforts. Focus is on larval and insecticide controls which are already in 
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place as part of the Health Ministry’s Vector-Borne Disease Control Programme. 
Standard operating procedures for emergency and disaster management are also 
incorporated at all levels of the national health infrastructure. However, it is still 
unclear if these actions are adaptive in nature or reactive to current situations (Fig. 
 15.13 ).

   The Vector-Borne Disease Control Programme is currently in the process of 
developing the control programme into an elimination programme. Among the key 
approaches being undertaken include strengthening and improving current strate-
gies by changing the drug regimen to a more effective artemisinin-based combina-
tion therapy (ACT) as suggested by the World Health Organization to address the 
problem of drug-resistant virus, strengthening the surveillance programme particu-
larly in malaria-free but prone areas to prevent reintroduction of the infection and 
occurrence of outbreaks and improving the case detection mechanism and 
approaches, including screening of migrant workers. Current and expected pro-
grammes and activities for adaptation to both current and projected climate‐related 
health burdens involve the following (Ministry of Natural Resources and 
Environment Malaysia  2011 ):

•    Emphasis to be placed on entomological surveillance with the recruitment of 
entomologists at the district level  

•   Established a Rapid Response Command Centre and incorporated the Centre for 
Disease Control and Prevention in the 9th Malaysian Plan  

•   Continued investment in health infrastructures, human resources and research  
•   Network of public health laboratories and constant vigilance on infectious diseases 

and strengthening surveillance system and disaster preparedness and response    

 Next, various policies related to each disease are described.  

Climate Change

Microbial Contamination
Pathway

Extreme Weather

Temperature Related

Health Effect

Modulating
Factors

Transmission Dynamics

  Fig. 15.13    Perception of climate change connection to health-related pathways, dynamics, and 
modulation in Malaysia. (Source: Solar ( 2011 ). Scoping assessment on climate change adaptation 
in Malaysia Summary October 2011)       
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15.8     Food- and Waterborne Diseases 

 In controlling food- and waterborne diseases, in 1968, a pilot Rural Environmental 
Sanitation Programme was conducted in 11 states in Peninsular Malaysia (one per 
state) with the aim to improve sanitation by provision of clean water supply, build-
ing of latrines or sanitary toilets, improvement of environment sanitation by encour-
aging proper rubbish and sewage disposal and overall cleanliness of rural 
environment through community efforts ‘ gotong‐royong’ . In 1973, this programme 
was designed for long term and aimed to cover 80 % of rural population by 1980 
(Economic Planning Unit  1976 ). The target of the programme was to reduce inci-
dences of communicable diseases. Various measures were adopted which involved 
rural community participation such as promotion of sanitary hygiene practice, 
building of proper sanitation and usage of sanitation facilities such as clean water 
supply system and sanitary latrines to ensure proper waste disposal. Identifi cation 
and priorities were given to water‐related diseases areas and encourage involvement 
of state governmental agencies and voluntary organisation into the programme 
(Ministry of Health Malaysia  1985 ). In 1978, the events of drought caused a major 
cholera outbreak in Peninsular Malaysia. This is due to unavailability of clean water 
supply to household and people had to obtained water from rivers and wells. At the 
time, interventions that were carried out to control the epidemic were chlorination 
of wells, disinfection and constructions of latrines. Also, patients with cholera were 
treated with tetracycline and immunisation against cholera was carried out (Ministry 
of Health Malaysia  1980 ). Since 1983, the oral rehydration salt therapy was intro-
duced nationwide for treatment of cholera. In 1998, the Prevention and Control of 
Infectious Disease Act (Act 342) was enforced; fi ve food- and waterborne diseases, 
cholera, typhoid, food poisoning, hepatitis A and dysentery, were made notifi able. 
Also, the Communicable Disease ControlInformation System (CDCIS), an elec-
tronic reporting system, was set up so that data on diseases can be shared at all 
levels of management for prompting diseases prevention, control and forecast on 
future outbreaks (Ministry of Health Malaysia  1985 ). Provision of clean water and 
environmental sanitation, effective treatment against diseases and mass vaccination 
for diseases prevention has proven to be effective with evidence of declining trends 
of the diseases over the years. The Rural Environmental Sanitation and Clean water 
Supply Programme currently provides 96.36 % coverage of safe water supply to 
rural community (Ministry of Health Malaysia  2009 ) and is aiming to give 100 % 
coverage of sanitary waste disposal and clean water supply in rural areas by 2015 
(Commonwealth Secretariat  2009 ). Currently, cholera, typhoid and other diseases 
are lowly endemic and only occur as sporadic outbreaks. 

 In May 2007, the National Crisis Preparedness and Response Centre (CPRC) 
was established. Equipped with standard operating procedures for emergency and 
disaster management, the centre is responsible for management of disease outbreak 
information and coordinating outbreak response activities. This has led to improved 
registration and reporting system of infectious diseases outbreak with more disease 
cases being registered (Ministry of Health Malaysia  2009 ). 
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 In addition, the setting of the Centre for Communicable Disease (CDC) will also 
improve surveillance, investigation and management of emerging and re‐emerging 
diseases so that there will be instant case notifi cation and prompt actions can be 
taken in time. Epidemiological investigation will be improved with complete medi-
cal staffi ng and adequate laboratory support for case diagnosis and early confi rma-
tion (Commonwealth Secretariat  2009 ).  

15.9     Vector‐Borne Diseases 

15.9.1     Malaria 

 Prior to 1967, there were more than 300,000 cases of Malaria in the country annu-
ally. At that time, antimalaria drainage and usage of ‘antimalaria oil’ for larvaciding 
were measures taken to keep towns in malaria-free Peninsular Malaysia (Ministry 
of Health Malaysia  1980 ). In 1967, Malaria Eradication Programme was estab-
lished with the aim to eradicate malaria by 1982. Among the measures taken in the 
eradication era were geographical investigation, DDT house spraying, case detec-
tion, laboratory diagnosis, registration of malaria cases, chemotherapy, case investi-
gation and follow-up and entomological surveillance (Ministry of Health Malaysia 
 1980 ). The success of the programme has led to a signifi cant drop in malaria cases 
to 44,226 cases in 1980 (Tee  2000 ). However, because of the diffi culty to eradicate 
Malaria due to land development and migrations of people from one place to 
another, the vertical programme was changed to ‘control’ programme and was inte-
grated into health services in the 1980s. In 1986, the malaria control programme 
was incorporated into the Vector-Borne Disease Control Programme, which is also 
responsible for 7 other vector‐borne diseases, namely, dengue fever and dengue 
hemorrhagic fever, fi lariasis, typhus, Japanese encephalitis and scrub, yellow fever 
and plague. This programme places focus on the control of the diseases with the aim 
to reduce the impact of vector‐borne diseases mortality and morbidity and its recur-
rence. Among other antimalaria strategies that were also adopted were focal spray-
ing in localities with outbreaks, active case detection and use of insecticide- impregnated 
bed nets to replace DDT residual spraying (Sirajoon and Yadav  2008 ). However, the 
emergence of the resistance to the drug chloroquine has prompted the government 
to launch the National Anti‐Malarial Drug Response Surveillance Programme in 
2003 to monitor drug resistance. 

 Currently, Malaysia has the potential to eliminate malaria completely and is 
diverting the malaria control programme to an elimination programme (Ministry of 
Natural Resources and Environment Malaysia  2011 ) as many areas have been 
declared as malaria‐free. However, there are concerns of the reintroduction and 
resurgence of malaria due to climate change. Increase in temperature and rainfall 
will increase the malaria vectors’ presence, survival and vectorial capability. In 
addition, rainfall will cause changes in streamfl ows and rising of sea levels may lead 
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to creation of more brackish water which will affect the spread of malaria vectors 
population around the coastal areas. Besides that, the absence of malaria in malaria‐
free areas is feared to cause lower of natural immunity and reintroduction of malaria. 
Recognising all factors above, the Vector-Borne Disease Control Programme is cur-
rently improving its strategies such as addressing the drug-resistant virus by switch-
ing to use of artemisinin-based combination therapy (ACT) and enhancement of the 
surveillance programme including and improving case detection approaches 
(Ministry of Natural Resources and Environment Malaysia  2011 ). In addition to 
that, research is also being carried out to formulate new insecticide with prolonged 
residual effects to address the current insecticide, which has a fast diminishing 
effect. The need for area mapping is important for vulnerability assessment and 
remote sensing data is currently being investigated to cater to this need (Ministry of 
Natural Resources and Environment Malaysia  2011 ).  

15.9.2     Dengue Fever (DF) and Dengue Haemorrhagic 
Fever (DHF) 

 Following a major DHF outbreak in 1973, a series of actions was implemented to 
control the outbreak including case detection, case treatments, space spraying of 
insecticides and regular vector surveillance of the virus host,  Aedes   .  In 1975, the 
Destruction of Disease‐Bearing Insects Act (DDBIA) was introduced in which the 
relevant authority was included in the control of the disease through imposition of 
penalties to careless and indifferent householders whose compounds were found to 
have mosquito breeding sites (Tham  2001 ). This act also necessitates DF and DHF 
to be reported within 24 h to health authority when it was made a notifi able disease 
under the act. This is to ensure that dengue control activities will get public support 
so as to reduce dengue source. The enactment of the Prevention and Control of 
Infectious Diseases Act 1988 further enhanced the control of dengue under Section 
18(d) whereby closure of compound harbouring disease‐bearing insects can be done 
under the legislation. Legislation control of dengue was seen to have a positive 
impact on the reduction of dengue cases from 10,146 cases in 1999 to 7,118 cases 
in 2000 (Tham  2001 ). In 2001, the DDBIA 1975 was amended with heavier 
penalties. 

 Human plays the most important role in ensuring our environment is clean and 
free of dengue vector breeding sites to halt transmission of dengue. Recognising 
this, disease control through community awareness and participation was intensi-
fi ed through campaigns and programmes such as National Cleanliness and Anti- 
Mosquito Campaign (1999) which aim to increase awareness of cleanliness in the 
environment to control the breeding of vector mosquitoes (Ministry of Health 
Malaysia  2000 ), the Dengue-Free Schools programme to educate school children 
and the Communication for Behavioural Impact (COMBI) programme in 2001 
(Mohd Raili et al.  2004 ) and ‘Promotion of a Healthy Environment’ campaign in 
2002 (Abu Bakar and Jegathesan  2001 ) for prevention and control of dengue. 
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 However, until today, dengue still remains as a major public health problem in 
Malaysia and myriad of reasons contributed to incessant rise of this indomitable 
disease. The biological nature of the virus host (Rohani et al.  2008 ; Lindsay and 
Mackenzie  1997 ), increased population growth and disorganised urbanization, poor 
sanitation and improper waste disposal system and increased rural urban migrations 
and international travels produce epidemiological environments which can increase 
viral transmission potential of the mosquito vector,  Aedes Aegypti  (Gubler  1998 ), 
thus posing diffi culties for vector control. Changes in public health policy in the late 
1990s, specifi cally integration of the vertical organisational structure of the Vector-
Borne Disease Control Programme into general health services, caused loss of 
expertise and funding targeted for vector control. This resulted in the control of 
vector-borne diseases to be placed under respective local governments in 2000 
where there was lack of expertise, resources and political will (Kumarasamy  2006 ). 
In December 2010, a drastic measure was undertaken by Malaysia government to 
curb DF and DHF, that is, the release of 6,000 genetically modifi ed male mosqui-
toes in an unhabited forested area in Pahang, which is designed to disrupt  Aedes 
aegypti  mosquito fertility by passing on a gene that would kill the mosquito at its 
larval stage. This move has raised concerns among environmentalists and experts on 
possible disruption of the balance ecosystem and emergence of new species of 
mutated mosquitoes which might introduce new diseases (CBS  2011 ).  

15.9.3     Chikungunya 

 Chikungunya is a virus, which shares the same host as dengue virus, that is the 
Aedes mosquitoes (especially Aedes aegypti) (Turell et al.  1992 ; Thonnon et al. 
 1999 ). Thus the policies and programmes related to epidemic control of Chikungunya 
were similar to dengue, which includes public health education, active case detec-
tion, fogging and disease source reduction (Lam et al.  2001 ).   

15.10     Conclusions 

 Patterns of food and water‐borne diseases as well as vector‐borne diseases are 
changing due to climate change and these inevitably affect the population and the 
surrounding environment. Malaysia is proactive in addressing the various health 
hazards related to climate change. Public health policies and programmes have been 
instituted and implemented to deal with these infectious diseases that are affected 
by climate change with evidence of increasing rates and distribution. It is not only 
the health risks that must be addressed but also the associated social, economic and 
demographic consequences. The future public health consequences of climate 
change for people in Malaysia remain uncertain. Thus, climate change adaptation 
and disaster preparedness for dealing with the climate change adversities should be 
the utmost priority for human health and well‐being.     
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    Chapter 16   
 Potential Effects of Climate Changes 
on Dengue Transmission: A Review 
of Empirical Evidences from Taiwan       

       Tzai-Hung     Wen      ,     Min-Hau     Lin      , and     Mei-Hui     Li     

    Abstract     Effects of climate change on human health become increasingly a grow-
ing concern. Especially, the worldwide risk of vector-borne diseases, such as  dengue 
fever, could be strongly infl uenced by meteorological conditions. Taiwan is unique 
in terms of its geographical location and abundant ecological environments. It 
makes Taiwan an unusual epidemic region for dengue disease. This chapter focuses 
on risk factors related to climate change and geographical characteristics which 
have been shown to affect dengue transmission in Taiwan. Empirical studies all 
concluded that relationship between temperature and dengue incidence is highly 
correlated. Some of studies also concluded that temperature increase has more dra-
matic infl uence to dengue incidences in southern Taiwan. However, the effects of 
other meteorological factors, including precipitation and humidity, on dengue inci-
dence are rather inconsistent. Extreme weather events, such as heavy rainfall, would 
be possible to damage the habitats of  Aedes  mosquitoes and also benefi cial to 
 construct them with lag time of several weeks. The role of extreme weather events 
in dengue transmission needs to be further investigated. Further studies should also 
put more focus on the extent of infl uence of meteorological conditions on human 
activities and what activity changes may increase or decrease the risk of dengue 
transmission.  
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16.1       Introduction 

16.1.1     Climate Change, Human Health, and Dengue 
Transmission 

 Effects of climate change on human health become increasingly a growing concern 
and a potential threat for different regions worldwide in past decade. In fact, not all 
geographical regions and human settlements are equally sensitive and vulnerable to 
climate changes. South, East, and Southeast Asia are usually considered as more 
vulnerable than other geographical regions to climate change due to intensive 
human activities and fast population growth (USAID  2010 ). Furthermore, areas 
within the same geographical region can be different in vulnerability to climate 
change because of social, cultural, and economic conditions. 

 Climate change in temperature, precipitation, and extreme weather events can 
both directly and indirectly affect human health. Direct impacts of climate change 
include higher morbidity/mortality from cold or heat waves and increased injuries 
and death from extreme weather events. Indirect impacts of climate change on 
health can occur through changes in waterborne and vector-borne infectious dis-
eases, air and water quality, and food productions. Especially, the worldwide risk of 
dengue fever is strongly infl uenced by climate factors. In addition to meteorological 
characteristics in tropical areas, globalization and population movement also play 
an important role in escalating risk of dengue transmission (Gubler  2011 ). 
Transmission of dengue virus is determined by local meteorological conditions, 
socioeconomic, and environmental factors.  

16.1.2     Dengue Vectors and Natural Environment in Taiwan 

 Located in the border between tropics and subtropics, with south and north parts split 
by Tropic of Cancer while east and west separated by Central Mountain Range, 
Taiwan is unique in terms of its geographical location and abundant ecological envi-
ronments considered it is a small island with only around 3600 km 2 . However the 
most serious vector-borne infectious disease in Taiwan, dengue fever, and its vector 
mosquitoes,  Aedes aegypti  and  Aedes albopictus , are largely nourished by such geo-
graphical features: the lowest monthly mean temperature in northern part of Taiwan 
is less than 15 °C, whereas lowest average temperature in the South of Tropic of 
Cancer can be as high as over 20 °C (Wu et al.  2007 ). This climatic condition pairs 
with unique geographical characteristics and makes  Aedes aegypti  only distributed in 
Southeast of Taiwan (as shown in Fig.  16.1 ) while  Aedes albopictus  is widely located 
in areas of Taiwan (TaiwanCDC  2011 ). These two dengue vector mosquitoes are dif-
ferent in temperature sensitivity and behaviors of blood preferences which result in 
apparent differences in outbreak of indigenous dengue cases between southern and 
northern in Taiwan and temporal incidences by seasons (Tseng et al.  2009 ).
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16.1.3        Epidemiology of Dengue Fever in Taiwan 

 Based on surveillance data by Taiwan CDC, sequences of dengue virus from human 
cases of local residents and imported cases can indicate that dengue is not an 
endemic disease but imported cases from other dengue endemic countries and grad-
ually becomes indigenous disease as shown in Fig.  16.2  (Shang et al.  2010 ). Taiwan 
is also different from other dengue endemic countries in Southeast Asia in terms of 
age distribution of dengue hemorrhagic fever (DHF), a fatal hemorrhage symptom 
after dengue infection in which the reason is still unknown. In Taiwan, dengue hem-
orrhagic fever usually occurs among adults while children are more prevalent to 
have such symptom in Southeast Asia (Guzman and Kouri  2002 ). Special geograph-
ical characteristics and patterns of dengue hemorrhagic fever make Taiwan an 
unusual epidemic region for dengue disease (Wen et al.  2010 ). This chapter focuses 
on factors related to climate change and geographical characteristics which have 
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  Fig. 16.1    Spatial distribution of major dengue vector –  Aedes aegypti  in Taiwan (Source: 
TaiwanCDC  2011 )       
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been shown to affect dengue transmission and also discusses future trends of den-
gue epidemics under possible scenarios of climate change in Taiwan.

16.2         Climate Change in Taiwan 

16.2.1     Temperature and Heat Island Effect 

 Climate change is a global phenomenon which is inevitable in Taiwan. Chen and 
Wang ( 2000 ) have analyzed the average temperature changes between 1920 and 
1997 in Taiwan and found that the average temperatures in all seasons are ascending 
year after year. The increasing span is 1.3 °C/100 years in spring, 1.6 °C/100 years 
in summer, and 1.4 °C/100 years and 0.6 °C/100 years for fall and winter, respec-
tively. Comparing with global warming worldwide, besides the average temperature 
in winter is relatively the same as average global temperature in the northern hemi-
sphere, the temperatures in spring, summer, and fall seasons are all higher than 
average temperature in the northern hemisphere by two-, four-, and threefolds (Chen 
and Wang  2000 ). 

 It is also found in non-urban setting that the warming trend is 0.63 °C /100 years 
whereas the data found by weather watch in urban area is as high as 1.12 °C/100 
years. Therefore, researchers concluded that the gradual ascending temperature in 
Taiwan is associated with urban heat island effect (Chen and Wang  2000 ), which 
refers to a phenomenon in which the temperature in metropolitan area is signifi -
cantly higher than surrounding areas. This situation can be interpreted by following 
four factors in urban settings (Lin  2010 ):

   Roughness:    The atmosphere layer is becoming thicker which causes the 
pollutant and waste heat diffi cult to diffuse.   

  Atmospheric albedo:    The atmospheric albedo can affect solar energy level enter-
ing earth surface which indirectly contribute to the amount 
of suspended particles in the air and have the effects of 
decreasing and increasing the temperature.   

  Radiation:    Various surface characteristics may be infl uential to the 
energy transmission process. For example, the specifi c heat 

  Fig. 16.2    Imported and indigenous dengue cases from 2001 to 2011 (Source: TaiwanCDC  2012 )       
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of concrete buildings is relatively smaller than natural 
materials; therefore, its temperature is easily risen once it 
absorbs radiation.   

  Latent heat fl ux:    The vegetation and surface water coverage are generally 
higher in non-urban areas which can transfer sensible heat 
to latent heat through evapotranspiration.   

   Empirical studies in Taiwan have shown that urban heat island effect is nega-
tively correlated with vegetation coverage but positively correlated with lack of 
surface water and concrete structures. According to these studies, it is concluded 
that the urbanization of Taiwan is correlated with urban heat island effect (Lin et al. 
 2005 ). In summary, the climate warming in Taiwan indeed exists and such trend 
under the infl uence of heat island effect is more signifi cant in urban areas. According 
to the prediction made in Taiwan Scientifi c Report of Climate Change 2011, if 
global warming effect does not get milder in the future, the average temperature in 
summer will continue to increase to 27.4 °C by 2100 from 24.5 °C in 1960s as 
shown in Fig.  16.3a  and average temperature in winter will rise to 17.4 °C by 2100 
from 14.5 °C in 1960s as shown in Fig.  16.3b .

16.2.2        Precipitation and Typhoons 

 As a result of climate change, downpours or typhoons could be more frequent in the 
future. Mean annual rainfall in Taiwan is approximately 2500 mm, but this varies 
geographically from 1900 mm in southern Taiwan to 2700 mm in northern Taiwan 
(National Science Council  2011 ). Taiwan has rain all year round in the north, 
whereas the south is rainy in summer but dry in winter. Based on available rainfall 
records, there are no eminent changes in annual precipitations during past 100 years 
(Hsu and Chen  2002 ). However, average annual precipitation has showed to be 
increased in northern Taiwan and declined in southern Taiwan (Hsu and Chen  2002 ; 
Yu et al.  2006 ), especially signifi cant increase in frequency of heavy precipitation 
around 20 mm/h in Taiwan (Shiu et al.  2009 ). The overall number of rainy days has 
decreased in Taiwan with increasing number of heavy precipitation and lower num-
ber of light precipitation (Shiu et al.  2009 ). Furthermore, an increased trend of high 
amount of rainfall is observed in most rainfall stations of southern Taiwan (Kuo 
et al.  2011 ). 

 Typhoon can bring heavy rains causing fl oods and landslides in Taiwan. There is 
an annual average frequency of 3 to 4 typhoons landing Taiwan that strike mostly 
between July and September. Annual number of typhoons landing over Taiwan has 
increased with an average of 3.5 per year in the past 30 years comparing with an 
average of 2.8 per year from 1961 to 1980 (as shown in Fig.  16.4 ). Moreover, the 
ratio of typhoon precipitation contributes to annual precipitation that has risen from 
15 % in 1970s to 30 % after the year of 2000 (TaiwanEPA  2010 ). Based on 181 
typhoons attacking Taiwan from 1970 to 2009, there are an increasing number of 
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times typhoons are accompanied by extreme precipitation from once in every 2 year 
before 2000 to once in every year after 2000 (Taiwan EPA  2010 ). For example, 
Typhoon Morakot passed across northern Taiwan between August 6 and August 10 
of 2009, but brought a record high rainfall in southern Taiwan causing serious fl oods 
in many places. In sum, the frequency of typhoon hits did not markedly increase in 
Taiwan, but the precipitation followed by typhoons has dramatically increased dur-
ing past 20 years.
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  Fig. 16.3    Predicted trend of climatic warming in Taiwan from 2000 to 2100. Panel ( a ) is the trend 
in summer and panel ( b ) is in winter. ( Black bold line  is real data,  thin lines  with different colors 
are predictions by various models, and red bold line is the average of these model predictions) 
(Source: National Science Council  2011 )       
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16.3         Climate Factors and Dengue Transmission in Taiwan 

16.3.1     Meteorological Factors and Ecology of Dengue Vectors 

 Climate change could affect the ecology of vectors in Taiwan. Wang and Chen 
( 1997 ) have proposed fi ve impacts due to climate warming in Taiwan: (1) accelerate 
growth and bloodfeeding rate of mosquitoes and lead to shorten life spans which 
also means higher mosquito density and increasing the possibility of mosquito bit-
ing and virus infections; (2) extend geographical distribution of vector mosquitoes; 
(3) facilitate blood digestion within female mosquitoes and the growth of ova which 
as a result causes nutrition cycle to become shorter during breeding and increases 
the number and frequency of blood feeding as well as possibility of disease infec-
tion; (4) decrease the latent period of pathogen during reproduction; and (5) hasten 
the activity of pathogens within vectors. 

 Climate warming is considered as the foremost factor for changing the distribu-
tion of mosquito habitats. Guo and Lung ( 2004 ) have analyzed the meteorological 
data and the larva of  Aedes  mosquitoes in Breteau Index (BI) between 1998 and 
2002 in Great Kaohsiung Metropolitan and compared previous week and current 
week to examine the connection between climate factors and mosquito density. The 
result of the study is shown that the BI in more than half of the monitoring areas is 
over Level 2; the average temperature, highest temperature, lowest temperature, 
vapor pressure, weekly precipitation, and frequency are remarkably higher than 
other weeks. Even though mosquito density indices in Kaohsiung Metropolitan are 
positively correlated with average temperature, as clearly seen in Fig.  16.5 , the areas 
where BI is over Level 2 in Kaohsiung City are relatively higher than their less 
populated counterpart, Kaohsiung County. This result is also consistent with the 
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  Fig. 16.4    Annual number of typhoon centers landing in Taiwan or only passing through ocean 
near Taiwan but causing disasters in Taiwan from 1962 to 2011 (Source: Taiwan CWB  2012 )       
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description of urban heat island effect as mentioned in previous section, and more 
populated areas are associated with higher virusborne mosquito density. However, 
when the study was conducted the same analysis with a time span of month instead 
of week, the fi nding did not turn out to be consistent between BI and precipitation. 
In general, in the areas with the percentage of BI over Level 2, the mosquito density 
would be signifi cantly positively correlated with the mean temperature and humid-
ity between previous week and current week, when the regression model’s R-square 
of using climatic factors in current week as predictor variables is 0.196 and previous 
week is 0.204 (Guo and Lung  2004 ).

   Huang has obtained similar results and concluded that temperature, humidity, 
and precipitation are positively correlated with BI (Huang  2006 ). Average mosquito 
index was used as reference sequence and humidity, precipitation, and temperature 
as comparative serials. The result has shown that the factor values of three climate 
elements are very close. In other words, mosquito index is not signifi cant affected 
by any single factor but instead a combination of three climate factors simultane-
ously. Single factor such as high temperature or rainfall has limited infl uence to the 
increase of dengue vectors. 

 In summary, the relationships between temperature and dengue vector abun-
dance are more consistent in various studies. It is shown in those studies that tem-
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  Fig. 16.5    The relationship between Breteau Index (BI) and average temperature in Great 
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perature is indeed an essential factor that causes the increase of vector density, but 
the factors of humidity and rainfall are still in disagreement. For example, Tseng 
et al. ( 2009 ) have conducted an analysis to all the major cities in Taiwan. They have 
found that humidity and mosquito density are negatively correlated. 

 In addition, BI is usually used as an index for monitoring changes of vector abun-
dance. However, BI in Taiwan involves subject investigation and does not include 
appropriate random sampling process in terms of statistical design which may hin-
der practical refl ection of mosquito abundance. Although ovitrap can be adopted as 
a surveillance method of monitoring mosquito abundance and detect monthly 
changes of mosquito population (Pai and Lu  2009 ), the installation cost of such 
method is not economical. These possible reasons have become major constraints 
on understanding the relationships between climate factors and population of den-
gue vectors.  

16.3.2     The Association of Meteorological Factors 
and Dengue Epidemics 

 Due to limitation of mosquito indices for dengue vector prediction and inconsistent 
prediction of dengue outbreak with the adoption of BI (Wu et al.  2007 ; Chen et al. 
 2010 ), researchers have also attempted to study the impact of meteorological factors 
to dengue epidemics in Taiwan. 

 Among all the studies involving meteorological factors on dengue epidemics, 
studies in Taiwan concentrated more on temperature and humidity but turn out with 
different results. Wu et al. ( 2007 ) examined effects of different meteorological fac-
tors on dengue incidence in southern Taiwan and found negative association with 
relative humidity with a lag time of two months. Dengue transmission may be not 
directly associated with precipitation only, but is affected by combined meteoro-
logical conditions, including temperature, rainfall, and humidity, as well as human 
activities. In other words, higher relative humidity and larger variations of tempera-
ture result in lower probability of dengue occurrence with longer lag time. 

 Temperature variation and dengue incidence are negatively correlated and the 
major reason is that temperature difference may involve low temperature in the 
environment which is not benefi cial to the growth and breeding of mosquitoes. 
However, the negative correlation between relative humidity and dengue incidence 
is unexpected because such fi nding is in confl ict with the growing condition of 
 vectors. The researchers explained that the fi ndings are because data range of rela-
tive humidity in the study is wider (63.16–85.29 %). Within this range, the lower the 
relative humidity is, the more likely dengue-related transmission would occur (Wu 
et al.  2007 ). This conclusion is consistent with the Tseng’s research fi ndings of 
related humidity versus vector density studies (Tseng et al.  2009 ). However, Chen 
et al. ( 2010 ) put more attention on the disparity between Taipei and Kaohsiung. The 
study result in terms of temperature is the same as other research results. However, 
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relative humidity and precipitation in Taipei have positive effects to dengue inci-
dence, and these two meteorological factors have negative effects in Kaohsiung 
(Chen et al.  2010 ). Although both Taipei and Kaohsiung are major cities in Taiwan, 
Taipei is located at subtropical region while Kaohsiung is at tropical climate region. 
The two cities are different in terms of natural environmental conditions, with dif-
ferent social development and socioeconomic activities which cause the same cli-
mate factors that may result in different epidemic patterns. This further explains that 
meteorology itself is not the only factor that affects transmission of dengue virus. It 
is necessary to conduct more empirical studies to fi gure out relevant mechanisms. 

 It can be concluded that precipitation changes can affect mosquito-borne disease 
transmission by altering mosquito breeding habitats. In addition, relative humidity 
can be an important factor to affect  Aedes  mosquito reproduction and behaviors 
(Canyon et al.  1999 ). Besides these studies which emphasize the general meteoro-
logical conditions (such as temperature, relative humidity, and precipitation), 
increases in the occurrence of extreme weather events also could be a possible risk 
factor of dengue epidemics. Heavy rainfall or fl ooding may initially fl ush out mos-
quito breeding sites, but mosquito populations can come back when the waters 
recede to leave more standing water in area to provide their breeding sites again. 
Therefore, an outbreak of dengue can take place with a lag time after an extreme 
precipitation event. Wang and Chang ( 2002 ) reported one surge of dengue cases 
from October 2001 to April 2002 after Typhoon Nari landed in Taiwan in September 
of 2001. Hsieh and Chen ( 2009 ) analyzed correlation between meteorological fac-
tors and twowave dengue outbreak in 2007 and found precipitation bought by two 
typhoons correlated with dengue incidence cases with a lag time of 7 weeks. 

 Due to many imported dengue cases in Taiwan every year, whether these 
imported cases have played a part in indigenous incidences is unknown. Shang et al. 
( 2010 ) have discovered what the impacts to indigenous dengue incidences are under 
the effects of imported cases and climate. They have found that high temperature 
and low humidity can strongly predict the occurrence of imported dengue cases in 
Taiwan with lag time of 2–14 weeks (Shang et al.  2010 ). Not only this study 
addressed the relationships between meteorological factors and dengue incidence, it 
also turned the focus in explaining the possible mechanisms of dengue outbreaks. 

 The local studies regarding climate and dengue incidence relations only focus on 
the discussion of lag time without the consideration of spatial relationships. Yu et al. 
( 2011 ) use Bayesian maximum entropy to investigate the space-time dependence 
between climate factors to dengue incidences. This study not only refl ected the 
infl uence of climates to dengue but also constructed an epidemic model based on 
spatial perspective and further provided a reference for predicting the dengue 
incidence. 

 Despite various research methods, time spans, and regions in investigating the 
association of climate factors and dengue occurrence in Taiwan, the concluded rela-
tionship between high temperature and dengue incidence is consistent. The rise of 
temperature indeed increases the possibility of dengue occurrence. As for precipita-
tion and humidity, in spite of positive infl uence of low humidity level to dengue 
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incidence, the results are rather inconsistent and the mechanisms remain unclear 
and leave room for further exploration. 

16.3.2.1     Possible Scenarios of Climate Change and Implications 
for Dengue Control in Taiwan 

 From the conclusions obtained in both climate change studies and dengue studies in 
Taiwan, mosquito density and dengue epidemics would continue to expand in a 
larger extent in the future if the trend of global warming remains increasing. Tseng’s 
study indicated that if the temperature rises 0.9 °C in the future, then the likeliness 
of dengue incidences in Pingtung area will increase to 43.81 %. If temperature 
climbs to 2.7 °C, then the likeliness will increase to 131.43 %, and the probability 
of dengue incidences will be 21.6 % and 64.7 % in Kaohsiung region (Tseng et al. 
 2009 ). The magnitude in Taipei area is smaller in which the possibility of dengue 
incidence is 1.78 and 5.34 %. It can be concluded that temperature increase has 
more dramatic infl uence to dengue incidences in southern Taiwan. Although it has 
mild impact to northern Taiwan, scientists still need to be cautious of this matter. 

 For the factors of precipitation and relative humidity, there are still no solid con-
clusions regardless of relevant climate or dengue epidemics studies. Nevertheless, 
the issues should be brought up in the future for further understanding such as 
whether the activity of dengue vectors has a suitable humidity range and heavy 
rainfall should be regarded as a risk or protective factor to dengue incidences in the 
long term. It depends on further empirical studies to show whether heavy rainfall 
would damage or construct the habitats of mosquitoes. 

 Based on previous literatures, the associations between climatic factors and den-
gue epidemics in Taiwan can be confi rmed. Similar atmosphere conditions could 
possibly result in different climatic characteristics due to geographical and seasonal 
variations. In other words, not only the overall impact of climate change is neces-
sary to be considered, but local variations of regional susceptibility of dengue 
should also be concerned. For example, infl uence of heat island effect is more sig-
nifi cant in localized urban areas than the surrounding urban fringe and rural areas. 
These localized areas could provide appropriate mosquito habitats and become the 
potential sources of dengue infection. In addition to natural environmental factors, 
the effect of human behaviors is also an important factor that makes susceptibility 
of dengue to be different in urban and rural areas. Wen et al. ( 2012 ) analyzed the 
association between population movement behaviors and spatial-temporal diffusion 
patterns of a dengue epidemic in Tainan City, Taiwan. The study found that 
 commuting cases diffuse more rapidly across villages than non-commuting cases in 
the late epidemic period and the role of commuting could be identifi ed as a signifi -
cant risk factor contributing to epidemic diffusion. Local neighborhood characteris-
tics (number of vacant grounds and empty houses) and high population density are 
also signifi cant risk factors for dengue diffusion. In summary, geospatial diffusion 
of dengue epidemics is the result of complex interactions among climate change, 
mosquito ecology, and human activities.    
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16.4     Concluding Remarks 

 Although we have realized there are certain correlations between meteorological 
conditions and dengue incidences in Taiwan, the mechanisms that cause the dengue 
epidemics remain unclear. Climate alone cannot be the sole risk factor for the occur-
rence of dengue. Since the transmission route of dengue involves the complicated 
interactions between mosquitoes and human behaviors, it would be more helpful to 
understand the possible mechanisms between climate change and occurrence of 
epidemics and develop appropriate control measures. Further studies should put 
more focus on the extent of infl uence of meteorological conditions on human activi-
ties, such as urbanization or population movement behaviors, and what activity 
changes may increase the risk of dengue transmission. Last but not least, most of 
current studies lacked consideration of what impacts these interventions may have 
in response to epidemic outbreak. These are all the issues that are worth to be 
explored in the future.     
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    Chapter 17   
 Summary and Concluding Remarks       

       Rais     Akhtar    

     It has been known for thousands of years that weather and climate have wide rang-
ing impacts on human health and well-being as described by Hippocrates in his 
fi fth-century B.C. famous treatise: On Airs Waters and Places: 

 “Whoever wishes to investigate medicine properly, should proceed thus: in the 
fi rst place to consider the seasons of the year, and what effects each of them pro-
duces for they are not at all alike, but differ much from themselves in regard to their 
changes” (cited in Adams  1891 ). Increasing recognition and research interest in the 
process of climate change has led to a growing concern by researchers in assessing 
the potential mechanisms by which changes in climate could infl uence population 
health (Haines et al.  2006 ). Thus, climate change represents a range of environmen-
tal hazards and will affect populations wherever the current burden of climate sensi-
tive disease is high – such as the urban poor in low and middle income countries and 
landless farming communities. For example, impoverished communities are 
increasingly experiencing reduced access to safe fresh drinking water as well as 
food insecurity associated with climate change impacts. 

 Understanding the current impact of weather and climate variability on the health 
of populations is the fi rst step towards assessing future health impacts of climate 
change. 

 About one fi fth of the world’s population live in South Asia. There are many 
reasons to be concerned about the impacts of climate change on this region, many 
parts of which experience apparently intractable poverty. The health problems 
caused by climate change in South Asia have been conceptualized as having three 
tiers of linked effects. In this framework, primary health effects are considered the 
most causally direct impacts of climate change. They include increased mortality 
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and morbidity during heat waves and other “natural” disasters as climatic changes 
contribute to the increasing frequency and intensity of such disasters. Secondary 
effects include those resulting from ecological changes that alter the epidemiology 
of some infectious and chronic diseases. Tertiary effects refer to impacts on health 
of large-scale events with complex, multidimensional economic and political causa-
tion, including migration, famine, and confl ict. 

 Climate change scenario in the South and Southeast Asia has been a major focus 
in the recent assessment of the IPCC that indicates warming trends and increasing 
temperature extremes have been observed across most of the Asian region over the 
past century (high confi dence) (IPCC  2014 ). 

 The IPCC 4th Assessment Report had earlier stated that climate change, in par-
ticular increased risk of fl oods and droughts, is expected to have severe impact on 
South Asian countries, since their economies rely heavily on agriculture, natural 
resources, forestry, and fi sheries sectors. About 65 % of the population of South 
Asia live in rural areas and account for approximately 75 % of the poor who are 
most vulnerable to the adverse impacts of climate change. Such impacts include 
increased intensity of rainfall events, the impacts of El Niño on the Monsoon pat-
tern, and increased risk of critical temperature being exceeded. The Southeast Asia 
too is a hot spot for emerging infectious diseases, including those with pandemic 
potentials. Emerging infectious diseases have exacted heavy public health and eco-
nomic tolls. Severe acute respiratory syndrome rapidly decimated the region’s tour-
ist industry. Infl uenza A H5N1 has had a profound effect on the poultry industry 
(Clark  2003 ). 

 Since 2008 the WHO has shown leadership in raising awareness of the threats 
posed by climate change to health. Specifi cally, WHO has provided evidence, tech-
nical guidance, and piloted approaches to protect health from climate risks. The 
First International Conference on Health and Climate, which was held at the WHO 
headquarters in Geneva in August 2014, aimed to (1) enhance resilience and protect 
health from climate change, (2) identify the health benefi ts associated with reducing 
greenhouse gas emissions and other climate pollutants, and (3) support health- 
promoting climate change policies (Neira  2014 ). 

 Thus, if climate change is left unchecked, there is the likelihood of severe, per-
vasive, and irreversible impacts on people and ecosystems. With these words, the 
world’s scientists have made an impassioned appeal to the world’s policymakers to 
combat what has been described as the challenge of our times (IPCC  2014 ). 

 We are aware of the scientifi c explanations that climate change occurs because 
excessive amount of greenhouse gases are, and have been, emitted into the atmo-
sphere due to human activity associated with industrialization. Human infl uence on 
the climate system is clear, and recent anthropogenic emissions of greenhouse gases 
are the highest in history. Earth’s atmosphere has already warmed by 0.85 °C from 
1880 to 2012. Recent climate changes have had widespread impacts on human and 
natural systems (IPCC  2014 ). 

 In view of the above, there is a realization now both among developed and devel-
oping countries that climate change makes us all vulnerable. This awareness has 
resulted in successful negotiations at Lima in December 2014, as well as an 
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 agreement between US and China. After Paris Climate Agreement, it is hoped that 
the world is likely to see increasing efforts to address climate change mitigation. 

 With a certain amount of climatic change having occurred and with future cli-
matic changes locked in, there is now an urgent need to advance a more concrete 
and systematic and region-specifi c approach to implementing policies of health pro-
tection. Given the complexity of climate change impacts and adaptive responses, 
these policies and programs need to be multi-sectoral and to occur in coordination 
with health, environment, and social services planners. 

 Moreover, the major challenges in health research in developing countries are 
inadequate budgetary allocation to health sector and health research, inequitable 
distribution of health infrastructure within the country, defi ciencies in surveillance 
system, lack of a cross-sectoral and interdisciplinary collaborative approaches in 
research, and lack of awareness about climate change and associated hazards for 
population health. Therefore, the need of the hour is to generate relevant informa-
tion for policymakers on region’s vulnerability, impacts, and adaptation in the con-
text of a changing climate and its impact on human health in developing countries. 

 This book comprises studies from South and Southeast Asian countries with a 
focus on India, Nepal, Bangladesh, Indonesia, Malaysia, Thailand, and Taiwan. It 
presents a regional analysis pertaining to climate change and human health, focus-
ing on climate change adaptation strategies in geographically and socioeconomi-
cally varied countries of South and Southeast Asia. 

 South and Southeast Asian countries – e.g., India, Pakistan and Bangladesh, and 
Thailand – are increasingly suffering from climate change-related heat waves and 
fl ooding. More than four thousand people have died of severe heatstrokes in Pakistan 
and India in two distinct heat wave events during May and June, 2015. A World 
Bank report warned that “countries in the South East Asia region are particularly 
vulnerable to the sea-level rise, increases in heat extremes, increased intensity of 
tropical cyclones, and ocean warming and acidifi cation because many are archipela-
gos located within a tropical cyclone belt and have relatively high coastal popula-
tion densities” (The World Bank  2013 ). 

 Researchers have identifi ed vulnerable regions in Southeast Asia by analyzing 
data on spatial distribution of various climate-related hazards (cyclones/typhoons, 
drought risks, landslides, sea level rise, population density, and adaptive capacity). 
Water is a key medium through which climate change impacts upon human popula-
tions and ecosystems, particularly due to predicted changes in water quality and 
quantity. Climate change presents a serious obstacle to the realization of the rights 
to water and sanitation ( SIDA n.d ). Analysis of recent data from South and Southeast 
Asia reveals the pattern of access to safe drinking water to the population. Inequalities 
are not widespread, though improved water access is better in countries such as 
Bhutan, Maldives, Malaysia, Thailand, India, and Pakistan. 

 However, there are wide disparities in using improved sanitation, with Maldives, 
Malaysia, Thailand, and Sri Lanka are better off in comparison with other countries. 
India, Nepal, and Cambodia fared poorly in the provision of improved sanitation. 

 Such are the vulnerabilities encompassing the region of South and Southeast 
Asia, and a microlevel region-specifi c studies will help understand the climate 
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change impact scenario in the context of human health and support to formulate 
holistic policies with a focus on spatial development and applicable to such a geo-
graphically diversifi ed region.    
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